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Comment Letter I-Dic

Dickens, Pat

Response 1
For many years, the District has cooperated closely with organic growers and businesses throughout the
Service Area. As a result, no adverse consequences to organic agriculture have been reported. As part of
the Proposed Program, the District will continue its consultation and cooperation with organic growers and
businesses. Vector control materials certified and labeled for organic use will be used as appropriate in
conjunction with organic operations and accompanying organic operation plans.
The District uses several biorational formulations of mosquito larvicides that contain three bacterial active
ingredients that are found in nature. Certain formulations containing these active ingredients are labeled for
use with organic crops by the Organic Materials Review Institute and the USEPA. Examples of bacteria
pathogenic to mosquitoes are Bacillus sphaericus (Bs), the several strains of Bacillus thuringiensis
israelensis (Bti), and Saccharopolyspora spinosa. Two bacteria, Bs and Bti, produce proteins that are toxic
to most mosquito larvae, while Saccharopolyspora spinosa produces compounds known as spinosysns,
which effectively control all larval mosquitoes. Bs can reproduce in natural settings for some time following
release. The Bti materials the District applies do not contain live organisms but only spores made up of
specific protein molecules. All three bacteria are naturally occurring soil organisms that are also
commercially produced for use as mosquito larvicides. These are the only three active ingredients approved
for use in controlling larval mosquitoes when organic production is in progress.
One adult mosquito control product used by the District (Merus 2.0) is approved (by OMRI and the USDA
National Organics Program) for use in conjunction with organic operations.
With respect to the issue raised by the commenter about chemical treatments for vector control in West
Marin, the District operates under the terms of an agreement with a group known as the West Marin
Mosquito Council (WMMC). The most recent version of the Agreement was approved by the District and
WMMC in May 2016. The Agreement recognizes that the District may apply all the bacterial products
discussed above, plus certain non-organic products, namely Agnique MMF, S-methoprene, and mosquito
larvicide oils such as CoCoBear.
As discussed initially in the PEIR Program Description (Section 2.3.5.1.1), Agnique MMF is a very thinly
applied (monomolecular) film product that acts as a larvicide and pupicide. Similarly, mosquito larvicide
oils such as CoCoBear are applied as larvicides and pupicides where needed and appropriate. The
WMMC Agreement also permits the use of s-methoprene, a mosquito growth regulator discussed in the
PEIR Section 2.3.5.1.1. In the geographical region referred to by the commenter (West Marin),
s-methoprene is applied only when necessary to Onsite Wastewater Treatment Systems (OWTS), also
known as septic systems, to control larval mosquitoes. Under the District’s policies and practices,
Agnique, s-methoprene and larvicide oils are always used judiciously and in such a manner as not to
interfere in any way with organic agriculture or production.
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Comment Letter I-Fra1

Fraser, Mary

Response 1
The District minimizes the potential for drift from larvicide and adulticide applications by following the best
management practices listed below in addition to meeting all label requirements:
> Postpone or cease application when predetermined weather parameters exceed product label
specifications, when wind speeds exceed the velocity as stated on the product label, or when a high
chance of rain is predicted and rain is a determining factor on the label of the material to be applied. (H6)
> Applicators will remain aware of wind conditions prior to and during application events to minimize any
possible unwanted drift to waterbodies, and other areas adjacent to the application areas. (H7)
> Spray nozzles will be adjusted to produce larger droplet size rather than smaller droplet size. Use low
nozzle pressures where possible (e.g., 30 to 70 pounds per square inch). Keep spray nozzles within a
predetermined maximum distance of target weeds (e.g., within 24 inches of vegetation for hand
application) or vectors. Adjusting droplet size would only apply to larvicides, herbicides, and non-ULV
applications. Use ULV applications that are calibrated to be effective and environmentally compatible
at the proper droplet size (about 10-30 microns). (H8)
The No Chemical Program was reviewed in Section 15.4.2 of the Draft PEIR. This comment will be
considered by the District’s Board of Trustees in its consideration whether to approve the Program as
proposed, or with modifications.

Response 2
The District uses several formulations of mosquito larvicides which contain three bacterial active
ingredients that are found in nature. Certain formulations containing these active ingredients are labeled
for use with organic crops by the Organic Materials Review Institute and the USEPA. Examples of
bacteria pathogenic to mosquitoes are Bacillus sphaericus (Bs), the several strains of Bacillus
thuringiensis israelensis (Bti), and Saccharopolyspora spinosa. Two bacteria, Bs and Bti, produce
proteins that are toxic to most mosquito larvae, while Saccharopolyspora spinosa produces compounds
known as spinosyns, which effectively control all larval mosquitoes. Bs can reproduce in natural settings
for some time following release. Bti materials applied by the District do not contain live organisms, but
only spores made up of specific protein molecules. All three bacteria are naturally occurring soil
organisms that are commercially produced for use as mosquito larvicides. These are the only three active
ingredients referenced as being acceptable for use in mosquito habitat present on organic farms.
Therefore, the District’s use of these materials does not threaten the organic farming industry.
Concerning drift, see Response 1 above. There is potential for some infrequent applications of adulticides
to impact residents and/or recreationists with objectionable odors. The materials have been used in the
current Program, and people have not complained about odors. However, it is possible that complaints
could occur in the future. As discussed in Section 10.2.7 (page 10-32):
Impact AQ-25: The Chemical Control Alternative could subject people to objectionable
odors. Impacts could be potentially significant but mitigable, even with BMPs
implemented.
To mitigate Impact AQ-25, the District and its contractors may implement any of the following measures
as applicable to the specific application situation to reduce drift towards human populations/residences
from the ground and aerial applications of odorous treatment compounds:
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Mitigation Measure AQ-25a: Whenever possible and practicable, defer application of
treatment compounds until such time that favorable wind conditions would reduce or avoid
the risk of drift into populated areas.
Mitigation Measure AQ-25b: Utilize equipment such as wind meters and global positioning
system (GPS) tracking devices when applicable that assist in documenting site-specific
compliance with all label requirements for drift mitigation.
Mitigation Measure AQ-25c: Use precision application technology to reduce drift and the
total amount of material applied. This measure can include (1) Precision guidance systems
that minimize ground or aerial spray overlap (e.g., GPS and Real Time Kinetics –
GPS/RTK) and (2) Computer-guided application systems that integrate real-time
meteorological data and computer model guidance to reduce drift from aerial application
(e.g., trade names “AIMMS,” “Wingman™ GX,” and “NextStar™ Flow Control”).
Use of any one of these measures would reduce the impact to less than significant.
The impact to human health is less than significant as explained in Section 7.2.5 for herbicides and
Section 7.2.7 for the other chemical control options. For more information on glyphosate, see our
responses to your comments I-Fra3.

Response 3
Comment noted and considered. No response is necessary, as the letter was provided for informational
purposes and does not address the PEIR.
Concerning the hyperlinks to material referenced as being from USGS, the following responses are
provided.
> http://www.usgs.gov/newsroom/article.asp?ID=2909#.VfnIlNVViko (USGS 2016)
This is a link to the primary USGS website that contains hundreds of links to research and other
reports addressing numerous issues in health and environmental contamination. Although there are
several reports listed that address glyphosate, they are generally addressing the same issues as the
reports used in the PEIR including Appendix B. In the absence of a list of specific entries and links in
the website, we can neither feasibly nor practically address or comment on any except for the specific
ones where we have links provided by the commenter that are listed below. These studies appear to
be focused on chemicals associated with agricultural uses and are not applicable to vector control.
> Sayer, Ji. 2014. Roundup Weedkiller Found In 75% of Air and Rain Samples, Gov. Study Finds.
http://www.greenmedinfo.com/blog/roundup-weedkiller-found-75-air-and-rain-samples-gov- study-finds.
This represents an overview of the monitoring studies evaluating the chemicals detected in rain during
several annual periods in Mississippi between 1995 and 2007 associated with agricultural pesticide
spraying. Although there are numerous detected chemicals in the collected rainwater, the reports (this
one and the two others by the same authors that focus on glyphosate) indicate the detections are very
low (less than about 7 µgm per cubic meter, as an example). Using this estimated air concentration,
the authors estimate that an individual breathing this level of chemical continuously might be subjected
to about 27 billionths of a gram over a 24 hour period. The bulk of the summaries suggest substantial
differences in chemicals detected between and among years of the study. They report that certain
pesticides, but not always the same ones, seem to be dominate in the samples with detected
chemicals present. It appears that these traces of chemicals were associated with specific agricultural
practices. This is a summary of the studies conducted to evaluate the concentration of detectible
chemicals in rain and air associated with agricultural pesticide spray events. The following report also
addresses this monitoring technique.
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> Majewski M.S. R.H. Coupe, W.T. Foreman, and P.D. Capel. 2014. Pesticides in Mississippi air and
rain: a comparison between 1995 and 2007. Environ Toxicol Chem. Jun;33(6):1283-93. Available
online at http://www.ncbi.nlm.nih.gov/pubmed/24549493.
This is another publication using the same data as those in the prior citation. The assumptions and
summaries are similar. It documents chemicals in collected in rain and attributes them to
agricultural uses.
> Vogel, J.R., M.S. Majewski, and P.D. Capel. 2008. Pesticides in rain in four agricultural watersheds in
the United States. J Environ Qual. May 2;37(3):1101-15. Available online at
http://www.ncbi.nlm.nih.gov/pubmed/18453431.
This is yet another publication using some of the same data as those in the prior citation but extending
the region to more states. The assumptions and summaries are similar. It documents chemicals
collected in rain and attributes them to agricultural uses.
> Chang, F.C., M.F. Simcik, and P.D. Capel. 2011. Occurrence and fate of the herbicide glyphosate and
its degradate aminomethylphosphonic acid in the atmosphere. Environ Toxicol Chem. Mar;30; (3):54855. Available online at http://www.ncbi.nlm.nih.gov/pubmed/21128261.
This is another report on the ambient levels of glyphosate in air and rain. Air and rain samples were
collected during two growing seasons in agricultural areas in Mississippi and Iowa. The frequency of
glyphosate detection ranged from 60 to 100 percent in both air and rain. The concentrations of
glyphosate ranged from <0.01 to 9.1 ng/cubic meter and from <0.1 to 2.5 µg/L in air and rain samples,
respectively. The frequency of detection and median and maximum concentrations of glyphosate in air
were similar or greater to those of the other high-use herbicides observed in the Mississippi River
basin. It was estimated that up to 0.7 percent of the application is removed from the air in rainfall,
although there is no metric to determine the initial percentage released. The authors indicated that
glyphosate is efficiently removed from the air; it is estimated that an average of 97 percent of the
glyphosate in the air is removed by a weekly rainfall ≥ 30 mm. The assumptions and summaries are
similar. It documents chemicals in collected rain and attributes it to agricultural uses.
This information in the cited reports is not relevant to the PEIR’s analysis or impact determinations
because it does not address the specific methods of chemical use by the District in its Service Area, and
the commenter does not explain its relevance to any specific analysis or determination in the PEIR.

Additional References
Chang, F-C., M.F. Simcik, and P.D. Capel. 2011. Occurrence and fate of the herbicide glyphosate and its
degradate aminomethylphosphonic acid in the atmosphere. Environ Toxicol Chem. 30; (3):548-55.
Ji, Sayer. 2014. Founder, GreenMedInfo. Roundup Weedkiller Found In 75% of Air and Rain Samples,
Gov. Study Finds. Available online at http://www.greenmedinfo.com/blog/roundup-weedkillerfound-75-air-and-rain-samples-gov-study-finds.
Majewski M.S., R.H. Coupe, W.T. Foreman, and P.D. Capel. 2014. Pesticides in Mississippi air and rain:
a comparison between 1995 and 2007. Environ Toxicol Chem. Jun;33(6):1283-93. Available
online at http://www.ncbi.nlm. nih.gov/pubmed/24549493.
US Geological Survey (USGS) 2016. Science News. Available online at http://www.usgs.gov/
newsroom/article.asp?ID=2909#.VfnIlNVViko.
Vogel, J.R., M.S. Majewski, and P.D. Capel. 2008. Pesticides in rain in four agricultural watersheds in the
United States. J Environ Qual. May 2;37(3):1101-15. Available online at
http://www.ncbi.nlm.nih.gov/pubmed/18453431.
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Comment Letter I-Fra2

Fraser, Mary

Response 1
The No Chemical Program was reviewed in Section 15.4.2 of the Draft PEIR. This comment will be
considered by the District’s Board of Trustees in its consideration whether to approve the Program as
proposed, or with modifications.

Response 2
The copy provided of Ms. Fraser’s speech to Toastmasters shows that is about why she feels that
pesticides should be banned. It does not address the District’s PEIR. Comments are noted and
considered, and no further analysis of references for a speech to others is required. The commenter does
not explain how the references on the general subject of glyphosate relate to the PEIR analysis.
See Responses I-Fra3-3 through I-Fra3-6 on the subject of glyphosate. Responses to Ms. Fraser’s
subsequent written comments cover the issues she has raised and the studies she has provided as
attachments or as links to websites and are not duplicated herein.

4-18 Individual Comments and Responses

MSMVCD

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

Integrated Vector Management Program │ Programmatic EIR

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

MSMVCD

Individual Comments and Responses 4-19

Integrated Vector Management Program │ Programmatic EIR

4-20 Individual Comments and Responses

MSMVCD

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

,)UD
&LWHG5HIHUHQFH 6DPVHODQG6HQHIID

Entropy 2013, 15, 1416-1463; doi:10.3390/e15041416
OPEN ACCESS

entropy
ISSN 1099-4300
www.mdpi.com/journal/entropy
Review

Glyphosate’s Suppression of Cytochrome P450 Enzymes and
Amino Acid Biosynthesis by the Gut Microbiome: Pathways to
Modern Diseases
Anthony Samsel 1 and Stephanie Seneff 2,*
1

2

Independent Scientist and Consultant, Deerfield, NH 03037, USA;
E-Mail: anthonysamsel@acoustictracks.net
Computer Science and Artificial Intelligence Laboratory, MIT, Cambridge, MA 02139, USA

* Author to whom correspondence should be addressed; E-Mail: Seneff@csail.mit.edu;
Tel.: +1-617-253-0451; Fax: +1-617-258-8642.
Received: 15 January 2013; in revised form: 10 April 2013 / Accepted: 10 April 2013 /
Published: 18 April 2013

Abstract: Glyphosate, the active ingredient in Roundup®, is the most popular herbicide
used worldwide. The industry asserts it is minimally toxic to humans, but here we argue
otherwise. Residues are found in the main foods of the Western diet, comprised primarily
of sugar, corn, soy and wheat. Glyphosate's inhibition of cytochrome P450 (CYP) enzymes
is an overlooked component of its toxicity to mammals. CYP enzymes play crucial roles in
biology, one of which is to detoxify xenobiotics. Thus, glyphosate enhances the damaging
effects of other food borne chemical residues and environmental toxins. Negative impact
on the body is insidious and manifests slowly over time as inflammation damages cellular
systems throughout the body. Here, we show how interference with CYP enzymes acts
synergistically with disruption of the biosynthesis of aromatic amino acids by gut bacteria,
as well as impairment in serum sulfate transport. Consequences are most of the diseases
and conditions associated with a Western diet, which include gastrointestinal disorders,
obesity, diabetes, heart disease, depression, autism, infertility, cancer and Alzheimer’s
disease. We explain the documented effects of glyphosate and its ability to induce disease,
and we show that glyphosate is the “textbook example” of exogenous semiotic entropy: the
disruption of homeostasis by environmental toxins.
Keywords: glyphosate; cytochrome P450; eNOS; obesity; cardiovascular disease; cancer;
colitis; shikimate pathway; gut microbiome; tryptophan; tyrosine; phenylalanine; methionine;
serotonin; Alzheimer’s disease; Parkinson’s disease; autism; depression
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PACS Codes: 87.19.xj; 87.19.xr; 87.19.xv; 87.19.xw; 87.19.xb; 87.19.xp

1. Introduction
The foodstuffs of the Western diet, primarily grown by industrial agriculture, are increasingly being
produced using a two-part system of engineered plant seeds and toxic chemical application. Novel
bacterial genes are incorporated through genetic engineering, and toxic chemical residues are readily
taken up by the engineered plants. Research indicates that the new bacterial RNA and DNA present in
genetically engineered plants, providing chemical herbicide resistance and other traits, have not yet
fully understood biological effects. This paper however, will only examine the effects of the chemical
glyphosate, the most popular herbicide on the planet.
Glyphosate (N-phosphonomethylglycine), the active ingredient in the herbicide Roundup®, is the
main herbicide in use today in the United States, and increasingly throughout the World, in agriculture
and in lawn maintenance, especially now that the patent has expired. 80% of genetically modified
crops, particularly corn, soy, canola, cotton, sugar beets and most recently alfalfa, are specifically
targeted towards the introduction of genes resistant to glyphosate, the so-called “Roundup Ready®
feature” In humans, only small amounts (~2%) of ingested glyphosate are metabolized to
aminomethylphosphonic acid (AMPA), and the rest enters the blood stream and is eventually
eliminated through the urine [1]. Studies have shown sharp increases in glyphosate contamination in
streams in the Midwestern United States following the mid 1990s, pointing to its increasing role as the
herbicide of choice in agriculture [2]. A now common practice of crop desiccation through herbicide
administration shortly before the harvest assures an increased glyphosate presence in food sources as
well [3–5]. The industry asserts that glyphosate is nearly nontoxic to mammals [6,7], and therefore
it is not a problem if glyphosate is ingested in food sources. Acutely, it is claimed to be less toxic than
aspirin [1,6]. As a consequence, measurement of its presence in food is practically nonexistent. A vocal
minority of experts believes that glyphosate may instead be much more toxic than is claimed, although
the effects are only apparent after a considerable time lapse. Thus, while short-term studies in rodents
have shown no apparent toxicity [8], studies involving life-long exposure in rodents have demonstrated
liver and kidney dysfunction and a greatly increased risk of cancer, with shortened lifespan [9].
Glyphosate’s claimed mechanism of action in plants is the disruption of the shikimate pathway,
which is involved with the synthesis of the essential aromatic amino acids, phenylalanine, tyrosine, and
tryptophan [10]. The currently accepted dogma is that glyphosate is not harmful to humans or to any
mammals because the shikimate pathway is absent in all animals. However, this pathway is present in
gut bacteria, which play an important and heretofore largely overlooked role in human physiology [11–14]
through an integrated biosemiotic relationship with the human host. In addition to aiding digestion, the
gut microbiota synthesize vitamins, detoxify xenobiotics, and participitate in immune system
homeostasis and gastrointestinal tract permeability [14]. Furthermore, dietary factors modulate the
microbial composition of the gut [15]. The incidence of inflammatory bowel diseases such as juvenile
onset Crohn’s disease has increased substantially in the last decade in Western Europe [16] and the
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United States [17]. It is reasonable to suspect that glyphosate’s impact on gut bacteria may be
contributing to these diseases and conditions.
However, the fact that female rats are highly susceptible to mammary tumors following chronic
exposure to glyphosate [9] suggests that there may be something else going on. Our systematic search
of the literature has led us to the realization that many of the health problems that appear to be
associated with a Western diet could be explained by biological disruptions that have already been
attributed to glyphosate. These include digestive issues, obesity, autism, Alzheimer’s disease,
depression, Parkinson’s disease, liver diseases, and cancer, among others. While many other
environmental toxins obviously also contribute to these diseases and conditions, we believe that
glyphosate may be the most significant environmental toxin, mainly because it is pervasive and it is
often handled carelessly due to its perceived nontoxicity. In this paper, we will develop the argument
that the recent alarming increase in all of these health issues can be traced back to a combination of gut
dysbiosis, impaired sulfate transport, and suppression of the activity of the various members of the
cytochrome P450 (CYP) family of enzymes. We have found clear evidence that glyphosate disrupts
gut bacteria and suppresses the CYP enzyme class. The connection to sulfate transport is more indirect,
but justifiable from basic principles of biophysics.
In the remainder of this paper, we will first provide evidence from the literature that explains some
of the ways in which glyphosate adversely affects plants, microbes, amphibians and mammals. Section 3
will discuss the role that gut dysbiosis, arguably resulting from glyphosate exposure, plays in
inflammatory bowel disease and its relationship to autism. Section 4 argues that the excess synthesis of
phenolic compounds associated with glyphosate exposure represents a strategy to compensate for
impairments in the transport of free sulfate. Section 5 will provide evidence that glyphosate inhibits
CYP enzymes. Section 6 explains how obesity can arise from depletion of serum tryptophan due to its
sequestering by macrophages responding to inflammation. Section 7 shows how extreme tryptophan
depletion can lead to impaired nutrient absorption and anorexia nervosa. Section 8 provides a brief
review of all the roles played by CYP enzymes in metabolism. Section 9 discusses a likely
consequence to glyphosate’s disruption of the CYP-analog enzyme, endothelial nitric oxide synthase
(eNOS). Section 10 shows how glyphosate’s effects could plausibly lead to brain-related disorders
such as autism, dementia, depression, and Parkinson’s disease. Section 11 mentions several other
health factors that can potentially be linked to glyphosate, including reproductive issues and cancer.
Section 12 discusses the available evidence that glyphosate is contaminating our food supplies,
especially in recent years. Following a discussion section, we sum up our findings with a brief conclusion.
2. Glyphosate’s Pathological Effects: Controlled Studies
It is well established that glyphosate, a member of the general class of organophosphates, inhibits
the enzyme 5-enolpyruvylshikimic acid-3-phosphate synthase (EPSP synthase), the rate-limiting step
in the synthesis of aromatic amino acids in the shikimate pathway in plants [18]. This pathway, while
not present in mammals, is present in algae, Archaea, bacteria, fungi, and prokaryotes, and unicellular
eukaryotic organisms [19]. Indeed, corn and soy crops have both been shown to accumulate excess
shikimate in response to glyphosate exposure [20]. However, a study comparing glyphosate-tolerant
and glyphosate-sensitive carrot cell lines identified several pathologies beyond the inhibition of
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aromatic amino acids following glyphosate exposure [21]. It was determined that, in addition to
abnormally low levels of tryptophan, phenylalanine and tyrosine, the glyphosate-sensitive cells also
had 50 to 65% reduced levels of serine, glycine and methionine. The reduction in methionine can have
many adverse consequences, as methionine is an essential sulfur-containing amino acid that has to be
supplied from the diet. In addition, there was evidence of excess ammonia in the glyphosate-sensitive
but not the glyphosate-adapted cells. Both cell types readily absorbed glyphosate from the medium,
with a rapid linear uptake observed during the first eight hours following exposure. This demonstrates
that glyphosate would be present in food sources derived from glyphosate-exposed plants.
The excess ammonia observed in glyphosate-treated plants could be due to increased activity of
phenylalanine ammonia lyase (PAL), an enzyme found in plants, animals, and microbes, that catalyzes
the reaction that converts phenylalanine to trans-cinnamate, releasing ammonia [22]. In studies on
transgenic tobacco, it was demonstrated that a decrease in the aromatic amino acid pool sizes (a direct
consequence of glyphosate exposure) results in an enhancement of metabolic flux through the
shikimate pathway, which leads to a rise in PAL activity as well as a doubling of the levels of
chlorogenic acid, a polyphenolic compound related to cinnamate [23]. It has been proposed that
glyphosate achieves part if not all of its growth-retardation effects on plants through induction of PAL
activity [24]. The growth disruption could be due either to toxicity of the derived phenolic compounds [25]
or to direct toxicity of the ammonia. A study of olive trees showed that there is a direct relationship
between the total phenol concentration and PAL activity, suggesting that PAL is a major producer of
phenolic compounds [26]. Glyphosate has been shown to increase PAL activity in both soybean
seedlings [27] and in corn [28].
Under stress-inducing environments, the secondary metabolites derived from certain protein
synthesis pathways become disproportionately important, and enzyme regulation induces dramatic
shifts in the production of the amino acids versus the secondary metabolites. A study comparing
glyphosate exposure with aromatic protein deprivation in plants found several effects in common, but
there was a striking anomaly for glyphosate in that it caused a 20-fold increase in the synthesis of the
rate-limiting enzyme for a pathway leading to flavonoid synthesis, as a side branch of the tryptophan
synthesis pathway [29]. More generally, there is substantial evidence that glyphosate induces the
synthesis of monophenolic compounds as well as the polyphenolic flavonoids, in both plants [30] and
microbes [31], with concurrent depletion of aromatic amino acid supplies. When carrots are exposed to
high doses of glyphosate, they produce significant amounts of various phenolic compounds as well as
shikimic acid [32]. The significance of this will become apparent later on in Section 4 on sulfate
transport. Elevated amounts of shikimate-derived benzoic acids such as protocatechuate and gallate are
also found in plants exposed to glyphosate [29]. Strains of nitrogen-fixing bacteria in the soil produce
hydroxybenzoic acids in the presence of glyphosate [31]. This digression towards the competing
pathways to produce phenolic and benzoic acid compounds may well explain the suppression of
aromatic amino acid synthesis by glyphosate.
Even Roundup Ready® crops typically experience slowed growth following glyphosate applications, and this has been attributed to glyphosate’s role as a chelator of micronutrients. In early
work, glyphosate was shown to interfere with the uptake of the divalent cations, calcium and
magnesium, through soybean roots [33]. Glyphosate severely reduced calcium content in the mitochondria
of both root and leaf cells. Since magnesium was also affected, but potassium was not, the authors
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suggested that this property might hold for all divalent cations. More recent greenhouse experiments
demonstrated that glyphosate application to the root system decreased the levels of calcium,
magnesium, iron and manganese in the seeds of the plants [34]. It was proposed that glyphosate binds
to and immobilizes all of these divalent micronutrients, impairing their uptake by the plant. These
glyphosate-induced deficiencies would carry over to the food supply, leading to deficiencies in these
nutrients in humans who consume foods derived from glyphosate-exposed crops.
Evidence of disruption of gut bacteria by glyphosate is available for both cattle and poultry. It has
recently been proposed that glyphosate may be a significant factor in the observed increased risk to
Clostridium botulinum infection in cattle in Germany over the past ten to fifteen years [35].
Glyphosate's demonstrated toxicity to Enterococcus spp. leads to an imbalance in the gut favoring
overgrowth of the toxic Clostridium species. Glyphosate has been shown to have remarkable adverse
effects on the gut biota in poultry [36], by reducing the number of beneficial bacteria and increasing
the number of pathogenic bacteria in the gut. Highly pathogenic strains of Salmonella and Clostridium
were found to be highly resistant to glyphosate, whereas beneficial bacteria such as Enterococcus,
Bacillus and Lactobacillus were found to be especially susceptible. Due to the antagonistic effect of
the common beneficial bacterium Enterococcus spp. on Clostridia, toxicity of glyphosate to E. spp
could lead to overgrowth of Clostridia and resulting pathologies.
Pseudomonas spp. is an opportunistic pathogen and an antibiotic-resistant Gram-negative bacterium
that has been shown to be able to break down glyphosate to produce usable phosphate and carbon for
amino acid synthesis, but a toxic by-product of the reaction is formaldehyde [37], which is neurotoxic,
and low levels of formaldehyde can induce amyloid-like misfolding of tau protein in neurons, forming
protein aggregates similar to those observed in association with Alzheimer's disease [38].
A recent genome-wide study of the effect of glyphosate on E. coli revealed metabolic starvation,
energy drain, and other effects involving genes that are poorly understood [39], in addition to
suppression of the shikimate pathway. For example, half of the eight genes encoding ATP synthase
were downregulated, suggesting an impairment in mitochondrial ATP synthesis. At the same time,
genes involved in importing sugars were upregulated, which suggests a switch to anaerobic
fermentation, producing pyruvate (a much less efficient solution) rather than oxidizing glucose for full
breakdown to carbon dioxide and water. A switch to anaerobic metabolism is also suggested from a
study showing that, in soil treated with glyphosate, the total count of fungi was significantly increased,
while oxygen consumption was significantly inhibited [40].
Research conducted by exposing an outdoor aquatic mesocosm (approximating natural conditions)
to two pesticides and two herbicides revealed a unique effect (among the four toxins studied) of the
herbicide, glyphosate, to destroy tadpoles. Following only a two-week exposure period, two species of
tadpoles were completely eliminated and a third one was nearly exterminated, resulting in a 70%
decline in the species richness of tadpoles [41]. Other experiments on bullfrog tadpoles showed that
prior glyphosate exposure reduced the survival rates of tadpoles exposed to the fungal pathogen,
Batrachochytrium dendrobatidis (Bd). [42]. It is thus conceivable that glyphosate may be instrumental
in the worldwide decimation of frogs currently taking place [43]. This also suggests that glyphosate
disrupts embryonic development, a topic to which we will return later.
An insidious issue with glyphosate is that its toxic effects on mammals take considerable time to be
overtly manifested. Studies on Wistar rats exposed to the highest levels of glyphosate allowed in water
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for human consumption for 30 or 90 days showed enhanced lipid peroxidation and glutathione peroxidase
activity, indicators of oxidative stress [44]. A long-term study conducted on rats showed remarkable
pathologies that became apparent only after the three-month period that is usually allotted for toxicity
trials. In this experiment, rats were monitored over their entire lifespan, while being fed either
genetically modified (GM) or non-GM maize that had been optionally treated with Roundup® [9]. The
rats that were chronically exposed to Roundup® developed several pathologies over the course of their
lifespan, including large mammary tumors in the females and gastrointestinal, liver and kidney
pathologies, especially in the males. The males developed both skin and liver carcinomas. Premature
death in the treated male rats was mostly due to severe hepatorenal insufficiencies. Other researchers
have shown that oral exposure to glyphosate in drinking water can induce DNA damage to mouse cells
drawn from blood and liver [45].
Researchers have discovered that Roundup® is sometimes much more toxic than glyphosate by
itself, and this discrepancy can be explained by the fact that Roundup® includes a surfactant which
greatly enhances cytotoxic effects of glyphosate [46]. Specifically, the surfactant, TN-20, commonly
found in glyphosate-based herbicides, was studied for its effect on glyphosate toxicity to rat cells in
vitro. The results showed that the combination of the surfactant and glyphosate led to mitochondrial
damage, apoptosis, and necrosis, under conditions where neither substance working alone achieved
this effect. It was proposed that TN-20 disrupts the integrity of the cellular barrier to glyphosate uptake.
A study on three microorganisms commonly used as starters in dairy technologies demonstrated
that Roundup®, but not glyphosate, inhibited microbial growth at lower concentrations than those
recommended in agriculture [47]. This result illustrates an amplified effect of glyphosate's toxicity
through the adjuvants found in Roundup®. The authors also suggested that a recent loss of
microbiodiversity in raw milk may be explained through the same toxic mechanisms.
In humans, a prolonged accidental skin exposure to a glyphosate-surfactant herbicide has been
shown to produce local swelling, bullae, and exuding wounds, followed by osteopenia, neurological
impairment, and reduced nerve conduction [48]. Similarly oral exposure to glyphosate produces
chemical burns and ulceration of the oral cavity [49].
3. Gut Dysbiosis, Autism and Colitis
It is now well established that autism spectrum disorder (ASD) is associated with dysbiosis in the
gut [50], and, indeed, this is viewed by many as an important contributor to ASD [51]. An increase in
short chain fatty acids and ammonia in the gut has been found in association with autism [52,53]. Since
these are by-products of anaerobic fermentation, this suggests an overgrowth of anaerobic bacteria
such as Clostridia, Bacteriodetes, and Desulfovibrio. Clostridia have indeed been found in excess in
the feces of autistic children [54]. By-products of fermentation by anaerobes, such as phenols, amines,
ammonia, and hydrogen sulfide, can be toxic to the large bowel [1,8]. A strong link between autism
and hepatic encephalitis has been identified [55], where the key underlying pathology may be excess
ammonia in the blood stream. Ammonia plays an important role in the etiology of hepatic encephalopathy
associated with both acute and chronic liver dysfunction [56,57]. The source of the ammonia is
believed to be intestinal bacteria, including those in both the small and large intestine [58]. Impaired
liver function prevents detoxification of ammonia via the urea pathway. Thus, the increased activity of
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PAL induced by glyphosate [27,28] could play a role in creating a hyperammonemic environment in
the gut and initiating subsequent pathology.
Indeed, there is now evidence that gut microbes can produce ammonia from phenylalanine via
PAL [59]. A unique mouse phenotype has recently been identified that is defined by the behavior of its gut
bacteria [60], and the authors suggest that this phenotype can be explained through increased
metabolism of phenylalanine via the PAL pathway. Furthermore, this unique phenotype is also
associated with excess synthesis of p-cresol, via a pathway involved in tyrosine breakdown. These
authors go on to propose that the known sulfate deficiency associated with autism [61,62] may be
explained by the depletion of sulfate through sulfation of p-cresol produced from tyrosine by
Clostridium difficile in the gut [63,64], in order to detoxify it. As we will explain in the next section,
we believe that, in fact, p-cresol and other phenolic compounds are part of the solution rather than the
cause, with respect to impaired sulfate transport.
C. difficile is a well-established causal factor in colitis [65]. The incidence of C. difficile-associated
disease has increased significantly in North America in recent years, and research into the association
of this increase with inflammatory bowel disease has borne fruit [66]. In an observational study
involving patients in a hospital in Wisconsin between 2000 and 2005, it was shown that C. difficile
infection was almost nonexistent in patients with inflammatory bowel disease prior to 2003, but the
rate grew from 4% to 7% to 16% in 2003, 2004, and 2005. One hypothesis presented was antibiotic
use disrupting the beneficial gut bacteria, but it is conceivable that increased exposure to glyphosate is
contributing to this increase.
A higher level of p-cresol in the urine has been associated with lower residual sulfonation [67] and with
autism [68]. p-Cresol, formed via anaerobic metabolism of tyrosine by bacteria such as C. difficile [64], is a
highly toxic carcinogen, which also causes adverse effects on the central nervous system, the
cardiovascular system, lungs, kidney and liver [69]. A recent paper found that formula-fed infants had
an overrepresentation of C. difficile in the gut bacteria [70]. In a case-control study, children with
autism were found to be significantly more likely to have been formula-fed rather than breast-fed [71].
The study did not distinguish between organic and non-organic formula, but one can surmise that
non-organic soy formula might be contaminated with glyphosate, and this could be a contributing
factor to both the autism and the C. difficile. Urinary bacterial metabolites of phenylalanine, such as
benzoic and phenylacetic acids, and of tyrosine (p-hydroxybenzoic acid and p-hydroxyphenylacetic acid)
have been found to be elevated in association with several different diseases reflecting impaired
intestinal resorption, including coeliac disease, cystic fibrosis, and unclassified diarrhoea [72]. It was
proposed that these metabolites were produced by the gut bacteria. High concentrations of an abnormal
phenylalanine metabolite have been found in the urine of people with autism and schizophrenia, up to
300x normal adult values, which is likely due to multiple species of anaerobic bacteria in the
Clostridium genus [73]. Others have detected abnormally high concentrations of hippurate in the urine
in association with autism [74]. Hippurate is a liver metabolite of benzoic acid [75]. Thus a variety of
different compounds representing a deflection of aromatic amino acid synthesis towards oxidized benzene
derivatives have been found in association with various digestive disorders and neurological disorders.
Studies have convincingly shown an inflammatory mucosal immunopathology in children with
regressive autism characterized by infiltration of intestinal epithelial lymphocytes [76]. The infiltration
of immune system cells like lymyphocytes and eosinophils is a direct response to the impaired barrier
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function. As will be seen in the next section, we propose that this dysbiosis is caused principally by
impaired sulfate supply to the mucosa, and that the toxic phenolic compounds both assist in correcting
this deficiency and induce inflammatory responses due to their oxidizing effects.
4. Sulfate Transport Impairment and Phenol Synthesis
Autism is a disorder involving impaired social skills and neurodevelopmental delay that has reached
epidemic proportions in recent years, with one in 50 children born in the United States today now
classified on the autism spectrum, according to the U.S. Centers for Disease Control and Prevention.
Impaired sulfur oxidation and low levels of serum sulfate have been established in association with
autism since 1990, as evidenced by the following quote from [77]: “These results indicate that there
may be a fault either in manufacture of sulphate or that sulphate is being used up dramatically on an
unknown toxic substance these children may be producing” (p. 198).
In this section, we develop a novel hypothesis for the effect of glyphosate on aromatic amino acids
in plants and microbes. Our arguments depend upon the observation that glyphosate, a short
carbon-nitrogen chain with a carbonyl group and a phosphate group, is a strong anionic kosmotrope,
since both carbonate and phosphate have this property. Sulfate is also a kosmotrope, whereas nitrate is
a chaotrope. Kosmotropes and chaotropes represent opposite extremes on the Hofmeister series [78,79],
where kosmotropes tend to structure the water surrounding them and to desolubilize proteins, whereas
chaotropes destructure the water and solubilize proteins. Studies on fatalities due to acute over-exposure to
glyphosate reveal hemodynamic disturbances, including intravascular disseminated coagulation (DIC)
and multiple organ failure, associated with high serum concentrations of glyphosate (over 800 mg/L) [80].
We suspect this has to do with glyphosate's effect as a potent kosmotrope, causing a "salting out" of
blood proteins and resultant coagulation and a “no-flow” situation [81].
Molecules with a carbon ring and an available attachment site for sulfate (e.g., phenolic
compounds) are attractive for the purpose of transporting sulfate through the bloodstream when the
kosmotropic load is elevated. Phenolic compounds like p-cresol can be readily sulfated in the gut, and
this provides an opportunity to transport sulfate through the hepatic portal vein in the presence of
glyphosate. The ring supports a charge distribution that diffuses the negative charge and suppresses the
water-structuring properties of sulfate, thus preventing the vascular disturbances. A single phenol can
perform this feat multiple times, as the sulfate can be attached to the phenol in the colon via a phenol
sulfotransferase, and the liver utilizes sulfatases and sulfotransferases to transfer the sulfate moiety
from the phenol to an available substrate, typically a xenobiotic or a sterol [82]. Thus, phenols could
be responsible for supplying the sulfate critically needed to detoxify xenobiotics and bile acids and to
produce various sterol sulfates, as well as supplying sulfate to the pancreas to be incorporated into
mucopolysaccharides being released into the gut along with proteases by acinar cells [83].
In this scenario, the glyphosate itself, due to its kosmotropic properties, is disrupting the transport
of free sulfate, and therefore the aromatic amino acids are oxidized into various phenolic compounds
in order to compensate for this problem. Unfortunately, once they are unsulfated, the phenols become
toxic, as they will react destructively with phospholipids and DNA through one-electron transfer [84].
Although flavonoids are generally considered to be beneficial to health, the biological mechanisms
behind their benefit are not yet established. In [85], it is stated that “the potential role of microbial
KWWSSHRSOHFVDLOPLWHGXVHQHII(QWURS\HQWURS\SGI

,)UD
&LWHG5HIHUHQFH 6DPVHODQG6HQHIID

Entropy 2013, 15

1424

metabolism in the gastrointestinal tract is often overlooked”. These authors propose that monophenolic
derivatives are likely produced through ring fission of flavonoids by the gut microflora in the colon.
Thus, flavonoids can promote sulfate transport to the liver via this process. Furthermore, flavonoids
themselves can be both glucuronylated and sulfated [85,86], especially at the 4'-OH position [87], so
they could serve directly as sulfate transporters without being broken down. In fact, we hypothesize
that their role in sulfate transport is the reason for their abundant synthesis in plants in the presence of
glyphosate at the expense of tryptophan [29]. Since they are less toxic than monophenols, they become
attractive for sulfate transport in the presence of glyphosate.
Figure 1. Schematic of cyclical process that could be utilized to transport sulfate from the
gut to the liver in the face of glyphosate contamination in the hepatic portal vein. Phenolic
compounds derived from aromatic amino acids would be cycled back and forth between
the gut and the liver, sulfated during transport from the gut to the liver and glucuronylated
during transport back from the liver to the gut. Ultimately, a sulfate reducing bacterium
could metabolize the phenol, consuming sulfate.
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The fact that glyphosate suppresses both alkaline and acid phosphatase activity in in vitro assays [88]
as well as extracellular alkaline phosphatase synthesis in algae [89] suggests that phosphate faces the
same problem as sulfate in plants, in the presence of glyphosate, and hence enzymatic activity that
produces free phosphate is suppressed. It is interesting to note that autism is associated with elevated
serum levels of pyridoxal phosphate (vitamin B6) even in the absence of supplements [90]. Despite
this, supplemental B6 has been shown to alleviate symptoms of autism [91,92]. We hypothesize that
vitamin B6 is exploited to transport phosphate safely in the presence of glyphosate. The pyridoxal ring
distributes the negative charge on the phosphate anion in the same way that phenols distribute the
charge on sulfate, thus allowing phosphate to be transported in a non-kosmotropic form.
Glyphosate’s kosmotropic effects can be counteracted through buffering of chaotropes in the blood,
and this could be a factor in the increased levels of both ammonia [93] and various oxides of nitrogen,
including nitric oxide, nitrite, and nitrate [94–96] observed in association with autism.
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Thus, autism is associated with dysbiosis in the gut [50,51], along with impaired sulfate metabolism and
a significantly reduced level of free sulfate in the blood stream (only one-third of the normal level)
[63,97–101], excess production of nitric oxide [94–96], overgrowth of phenol-producing bacteria like
C. difficile [101], and increased urinary levels of the toxic phenol, p-cresol [68]. Autism is also
associated with a decreased ability to sulfate and hence detoxify acetaminophen, which aligns with
insufficient sulfate bioavailability. A genetic defect in the phenol sulfotransferase gene is associated
with autism [77]: this enzyme becomes more essential in the context of glyphosate contamination. All
of these observations can potentially be explained by the effects of glyphosate on the gut bacteria and
on the blood stream.
Both colitis and Crohn’s disease are associated with sulfate depletion in the gut [102], which could
be caused by the impaired sulfate transport problem induced by glyphosate exposure. An overgrowth
of the sulfur-reducing bacterium, Desulfovibrio, has been found in association with autism [103].
Sulfate-reducing bacteria can utilize aliphatic and aromatic hydrocarbons as electron donors, and
therefore they can play an important role in detoxifying toxic phenolic compounds [104–108]. Thus,
the presence of Desulfovibrio in the gut may serve a dual purpose by metabolizing phenolic compounds
while also disposing of free sulfate, which could be problematic if allowed to enter the blood stream in
the presence of glyphosate. Thus, we hypothesize that, in the context of glyphosate in the vasculature,
aromatic amino acids are diverted into phenolic compounds which can safely transport sulfate from the
gut to the liver. The liver can then transfer the sulfate to another metabolite, such as a steroid, and then
ship the phenol back to the digestive system for another round via the bile acids following
glucuronidation [108]. Possibly after multiple rounds, the phenol is finally metabolized by a sulfate-reducing
bacterium in the colon. This idea is schematized in Figure 1.
5. Evidence that Glyphosate Inhibits CYP Enzymes
The evidence that glyphosate inhibits CYP enzymes comes from several directions. There are
studies showing inhibition of aromatase, a CYP enzyme that converts testosterone to estrogen, and
studies showing enhancement of retinoic acid, which could be achieved by suppressing the CYP
enzyme involved in its catabolism. Finally, there are studies that directly show inhibition of
detoxifying CYP enzymes in both plants and animals.
Two studies point to a disruption of aromatase activity [109,110]. In [109], as little as 10 ppm. of
glyphosate disrupted aromatase activity in human liver HepG2 cells, a well-established cell line to
study xenobiotic toxicity. In [110], it was shown that aromatase activity is disrupted in human
placental cells at a concentration 100 times lower than that recommended in agricultural use.
Furthermore, even small amounts of the adjuvants present in Roundup® could substantially enhance
this effect of glyphosate, probably by enhancing the ease with which it gains access to the membrane-bound
protein. In experiments with oyster larvae, Roundup® was found to be toxic at less than 1/20 the
concentration of glyphosate needed to induce toxicity, thus exhibiting the enormous enhancing effect
of Roundup®'s adjuvants [111].
Retinoic acid plays a key role in embryonic development, where its tightly-regulated concentration
levels impact developmental stages [112]. Due to reports of neural defects and craniofacial
malformations in children born in regions where glyphosate-based herbicides are used, a group of
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researchers investigated the effects of low doses of glyphosate (1/5,000 dilutions of a commercial
glyphosate-based herbicide) in development of African clawed frog embryos and chick embryos [113].
The treated embryos were highly abnormal: the frog embryos developed into tadpoles with cranial
deformities, and microcephaly was observed in the chick embryos. They traced this effect to an
increase in endogenous retinoic acid (RA) activity, and showed that cotreatment with an RA antagonist
prevented the deformities.
This increase in RA activity can be explained via inhibition of a CYP enzyme. A novel
member of the CYP family has been discovered which is induced by retinoic acid and involved
in its catabolism [114,115]. It is present in mammalian embryos and in the brain. Thus, if this
enzyme is suppressed by glyphosate, it would explain the observed effect that glyphosate enhances
levels of retinoic acid in embryonic development.
A study conducted in 1998 demonstrated that glyphosate inhibits cytochrome P450 enzymes in
plants [116]. CYP71s are a class of CYP enzymes which play a role in detoxification of benzene
compounds. An inhibitory effect on CYP71B1l extracted from the plant, Thlaspi arvensae, was
demonstrated through an experiment involving a reconstituted system containing E. coli bacterial
membranes expressing a fusion protein of CYP71B fused with a cytochrome P450 reductase. The
fusion protein was assayed for activity level in hydrolyzing a benzo(a)pyrene, in the presence of
various concentrations of glyphosate. At 15 microM concentration of glyphosate, enzyme activity was
reduced by a factor of four, and by 35 microM concentration enzyme activity was completely
eliminated. The mechanism of inhibition involved binding of the nitrogen group in glyphosate to the
haem pocket in the enzyme.
A more compelling study demonstrating an effect in mammals as well as in plants involved giving
rats glyphosate intragastrically for two weeks [117]. A decrease in the hepatic level of cytochrome
P450 activity was observed. As we will see later, CYP enzymes play many important roles in the liver.
It is plausible that glyphosate could serve as a source for carcinogenic nitrosamine exposure in
humans, leading to hepatic carcinoma. N-nitrosylation of glyphosate occurs in soils treated with
sodium nitrite [118], and plant uptake of the nitrosylated product has been demonstrated [119].
Preneoplastic and neoplastic lesions in the liver of female Wistar rats exposed to carcinogenic
nitrosamines showed reduced levels of several CYP enzymes involved with detoxification of
xenobiotics, including NADPH-cytochrome P450 reductase and various glutathione transferases [120].
Hence this becomes a plausible mechanism by which glyphosate might reduce the bioavailability of
CYP enzymes in the liver.
Glyphosate is an organophosphate. Inhibition of CYP enzyme activity in human hepatic cells is a
well-established property of organophosphates commonly used as pesticides [121]. In [122], it was
demonstrated that organophosphates upregulate the nuclear receptor, constitutive androstane receptor
(CAR), a key regulator of CYP activity. This resulted in increased synthesis of CYP2 mRNA, which
they proposed may be a compensation for inhibition of CYP enzyme activity by the toxin. CYP2 plays
an important role in detoxifying xenobiotics [123].
Beginning in around 2006, an alarming die-off of honeybees became apparent in the United States,
and researchers are still struggling to understand what is causing this die-off [124]. Since the
application of glyphosate also reached record levels that year, and has continued to increase since then,
with no abatement in the bee colony collapse disorder, glyphosate could be playing a role in the bees'
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plight. While correlation does not necessary imply causation, there are strong reasons why glyphosate
might interfere with bees' resistance to other environmental toxins. At first glance, pesticides might be
more highly suspect, since bees are, after all, an insect. However, honeybees have an innate resistance
to most pesticides, which unfortunately depends upon several CYP enzymes. For example, metabolic
detoxification mediated by CYPs contributes significantly to honey bee tolerance of pyrethroid
insecticides [125]. Thus, the fact that glyphosate disrupts CYP enzymes would suggest that exposure
to glyphosate would leave bees especially vulnerable to pesticides in their environment, resulting in a
synergistic effect. A 2005 study in Alberta (Canada) revealed a reduced wild bee abundance and
highly-correlated reduced pollination in GM canola compared with organically grown canola [126],
with Roundup-treated non-GM canola coming in at an intermediate level. A study comparing bees
exposed to glyphosate and/or Roundup® against a control population demonstrated a significantly higher
mortality rate in the glyphosate-exposed bees (p < 0.001) [127]. Neonicotinoids such as imidacloprid
and clothianidin can kill bees, and have been implicated in colony collapse disorder [128]. However,
this toxic effect is likely synergistic in combination with glyphosate, as would occur with bees
ingesting herbicide-contaminated pollen. Glyphosate is an organophosphate, and a study of human
self-poisoning has demonstrated that organophosphate ingestion synergistically greatly enhances the
toxicity of ingested neonicotinoids [129].
6. The Path to Obesity
Having established a plausible mechanism whereby glyphosate’s effects on gut bacteria would lead
to depleted sulfate supplies in the gut with resulting inflammatory bowel disease, we now turn our
attention towards the likely consequences of the resulting “leaky gut syndrome.” It has been proposed
that the exponential increase in the production of synthetic organic and inorganic chemicals may be
causal in the current world-wide obesity epidemic, due to alterations in body chemistry that promote
weight gain [130]. These chemicals are better known for causing weight loss at high exposure levels,
and this apparent paradox can be explained with respect to glyphosate, by invoking its known effect of
depleting tryptophan in plants and microbes. Its effect on CYP enzymes in the liver will compound the
problem, due to the impaired ability to detoxify synthetic chemicals, which are increasingly present in
the environment. In this section we will explain how glyphosate’s depletion of tryptophan bioavailability
can lead to obesity, and in Section 6 we will provide evidence that extreme depletion of tryptophan in
the absence of obesity can cause severe impairment of the intestinal barriers, resulting in weight loss
and anorexia, due to an inability to transport critical micronutrients across the damaged gut barrier.
Tryptophan is an essential amino acid, meaning that mammalian cells cannot synthesize it. Serum
tryptophan depletion leads to serotonin and melatonin depletion in the brain [131]. Since serotonin
(derived from tryptophan) is a potent appetite suppressant [132], it follows that serotonin deficiency
would lead to overeating and obesity. As we have seen, tryptophan supplies could be depleted both in
plant-based food sources and through impaired tryptophan synthesis by gut bacteria as direct effects of
glyphosate. The observed 20-fold increase in the synthesis of tryptophan-derived polyphenolic flavonoids
in the context of glyphosate provides strong evidence of impaired tryptophan synthesis [29].
Tryptophan has several important roles in the body. Ordinarily, dietary tryptophan (aside from its
role as an essential amino acid in protein synthesis) is taken up by the liver and either fully
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metabolized to produce ATP or processed through the enzymatic action of tryptophan dioxygenase
(TDO) and indole amine dioxygenase (IDO), via a pathway involving kynurenine and quinolinate as
intermediaries to produce NAD+, an essential cofactor in ATP synthesis and DNA repair [133] (see
Figure 2). Any tryptophan not taken up by the liver circulates in the blood, and is transported across
the blood brain barrier (BBB). It becomes the (sole) precursor to the synthesis of the neurotransmitter
serotonin and the hormone melatonin [131]. A low ratio of tryptophan to competing proteins in the
blood stream leads to reduced transport of tryptophan across the BBB and subsequent impaired
serotonin and melatonin synthesis in the brain. Thus, low serum tryptophan levels translates into a
tendency towards weight gain due to suppressed serotonin signaling [132].
Figure 2. Illustration of tryptophan pathways in the body and the adverse effect of
glyphosate on tryptophan bioavailability. IDO: indole amine dioxygenase; TDO:
Tryptophan dioxygenase; G: glyphosate.

However, under inflammatory conditions, and in response to pathogenic stimuli such as the
lipopolysaccharide (LPS) in bacterial cell walls, tryptophan is converted into kynurenine by lymphoid
tissues at the site of inflammation [134] and stockpiled by in situ macrophages and neutrophils [135–137]
as kynurenine. Therefore, it is expected that inflammation in the gut would lead directly to serum
tryptophan depletion, thus further reducing the bioavailability of tryptophan to the liver. There are
several reasons why macrophages need to sequester kynurenine, the most important of which is likely
to be the assurance of a localized resource to regenerate NAD+ following its depletion through the
synthesis of poly-ADP ribose by poly(ADP-ribose)polymerase (PARP) [138–140]. Poly-ADP ribose
plays an important role in the DNA repair mechanisms that are required following DNA damage,
induced by the reactive oxygen and nitrogen species (ROS and RNS) released by macrophages to fight
infection – superoxide, nitric oxide, and their reaction product, peroxynitrite. Superoxide is induced
from oxygen in the artery wall by transfer of an electron from cytosolic NADPH to oxygen, and its
synthesis is essential for killing invasive pathogens, but collateral exposure also leads to tissue damage.
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Both the inflammatory cytokine interferon-Ȗ (IFN-Ȗ) and superoxide itself induce IDO synthesis,
and IDO detoxifies superoxide by using it to break the pyrrole ring in tryptophan [141]. The DNA in
the cell nucleus is highly vulnerable to superoxide exposure, which can lead to strand breaks. The
synthesis of kynurenine from tryptophan by IDO results in replenishing the supply of NAD+ and
NADP+, which has been depleted due to the activities of PARP as part of the DNA repair process.
Studies have confirmed that serum tryptophan levels are low in association with obesity [142,143].
In [143], plasma tryptophan levels were monitored several times over the course of a twenty-four hour
period, and it was confirmed that serum tryptophan levels were chronically depressed, and the levels of
other competing large neutral amino acids were elevated, in obese subjects compared to controls. This
pathology persisted even after weight reduction through intense dieting.
A recent experiment involving transferring a strain of endotoxin-producing bacteria from the gut of
an obese human to the sterile gut of germ-free mice demonstrated the dramatic obesogenic effect that
over-production of endotoxin by gut bacteria can have [144]. These mice became obese over a 16-week
trial period, when concurrently placed on a high-fat diet, and the obesity was associated with a low-grade
chronic inflammatory state. Control germ-free mice on the same diet but without the infective agent
did not become obese. It was hypothesized that chylomicrons produced for fat transport became a
vehicle for endotoxin delivery to blood serum and subsequently to the liver and body fat stores, since
inflammatory cytokines were found predominantly in the liver and epididymal fat pad rather than in
the ilium. Since glyphosate induces a shift in gut bacteria towards endotoxin-producers, this effect can
conceivably explain the association of a high-fat diet with obesity [145].
The obesity epidemic began in the United States in 1975, simultaneous with the introduction of
glyphosate into the food chain, and it has steadily escalated in step with increased usage of glyphosate
in agriculture (see Figure 1 in [146]). While it is common knowledge that Americans are continuing to
grow more and more obese with each passing year [147,148], there may be less awareness that obesity
aligns with glyphosate usage elsewhere in the world [149]. For example, South Africa arguably has the
highest obesity rates in all of Africa [150], and it is also the African country that has most heavily
embraced glyphosate usage since the 1970’s and has freely adopted genetically modified crops with
little regulation [151,152]. According to World Health Organization statistics [153], only 2.7% of
adults in the United Kingdom were obese in 1972, a number that rose to 25.8% in 1999. Today, two
thirds of U.K. citizens are either overweight or obese.
7. The Path to Inflammatory Bowel Disease and Anorexia Nervosa
We have seen how obesity can develop following the depletion of tryptophan through its diversion
into polyphenolic flavonoids as well as aggressive uptake into macrophages, to provide assurance of
DNA repair mechanisms in the face of excess ROS and RNS. Subsequent impaired serotonin synthesis
stimulates overeating behaviors. Here, we argue that severe tryptophan deficiency without sufficient
fat stores to harbor toxins and supply sterol sulfates can result in an inability to control microbial
invasion as a consequence of impaired release of antimicrobial peptides. This can lead, paradoxically,
to anorexia nervosa, resulting in a highly inflamed digestive system, pathogenic penetration through
leaky intestinal epithelium, uncontrollable diarrhea, and subsequent anorexia.
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Obesity offers protection against gastrointestinal inflammation, in part because the endotoxin can be
stored in adipose tissue, sparing the gut barrier from inflammatory damage. However, a more
important factor may be the ability of adipose tissue to directly supply sulfated steroids. The
sulfotransferase that sulfates serotonin, thus inactivating it, is found in many tissues, including brain,
heart, liver, lung, kidney and spleen [154]. Insufficient sulfate supply would likely compromise this
function, leading to poor serotonin regulation. There is an interesting connection between levels of
serotonin and sterol sulfates in the blood serum. DHEA sulfate is the most prominent sterol sulfate in
the serum besides cholesterol sulfate [155]. Patients with autism have anomalously low DHEA sulfate
levels along with anomalously low serotonin [156]. Serum DHEA sulfate levels are inversely
associated with visceral fat [157], and DHEA sulfate supplements can induce weight loss in morbidly
obese postmenopausal women [158]. We hypothesize that DHEA sulfate levels are a hormonal signal
of sulfate bioavailability, and low bioavailability leads to low serotonin which induces overeating, in
order to produce visceral fat. Visceral fat is a source of estrone sulfate [159], which, we hypothesize,
may compensate for some deficiencies in DHEA sulfate and alleviate the burden on the adrenal glands
to produce sterol sulfates. This would also reduce the demand on phenols to transport sulfate and
therefore alleviate the inflammatory gut disorder, restoring homeostasis.
An important study elucidating the processes leading to inflammatory bowel disorder was
conducted on male Ace2 knockout mice (Ace2í/y) [13]. Ace2 induces expression of the tryptophan
transporter in the gut epithelium. Thus, these mice suffered from severe tryptophan deficiency. They
responded to dextran sodium sulfate exposure with a much more severe colitis attack than their control
littermates, leading to enhanced infiltration of inflammatory cells, increased intestinal bleeding, severe
diarrhea, and weight loss. A series of further experiments revealed that a similar response could be
provoked in the control mice by providing them with a diet that was specifically deficient in
tryptophan. It was confirmed that the acute response was associated with impaired synthesis of
antimicrobial peptides by macrophages, mediated by impaired mTOR (mammalian target of rapamycin)
signaling. It is conceivable that the severe deficiency in tryptophan led to restricted protein synthesis in
macrophages, preventing the synthesis of the antimicrobial peptide. Furthermore, the distribution of gut
bacteria was profoundly affected by the Ace2í/y phenotype and by tryptophan deprivation.
Thus, severe tryptophan deficiency, as might be induced by glyphosate’s interference with
tryptophan synthesis in plants and microbes, can lead to an extreme inflammatory bowel disease that
would severely impair the ability to absorb nutrients through the gut, due to inflammation, bleeding
and diarrhea. This could easily explain the alarming increases that have been seen recently in
inflammatory bowel diseases [16,17,160].
8. Cytochrome P450 Enzymes
The cytochrome P450 (CYP) enzymes are a diverse, ancient class of enzymes that date back to
three billion years ago, and play an important role in plant, animal, and microbial biology [161]. These
enzymes participate in oxidation, peroxidation and reduction of compounds ranging from pharmaceutical
drugs to environmental chemicals to endogenous bioactive molecules [123]. There are at least 18
distinct CYP families in humans, which are classified as a series of numerical “CYP” classes. In
humans, CYP1, CYP2, CYP3, and CYP4 P450 enzymes in the liver are essential for detoxification of
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many xenobiotics [162]. Members of the CYP5 and CYP7 classes are essential for the formation of
water-soluble bile acids from cholesterol in the liver. Bile acids act as powerful detergents to aid in the
digestion of fats, and also provide a pathway for disposal of oxysterols. A loss-of-function mutation in
CYP7B1 leads to liver failure in children, associated with high serum levels of oxysterols [163].
Both cholesterol and vitamin D3 synthesis and degradation depend upon various CYP enzymes. At
least seven CYP enzymes have a role in converting acetate into sterols. Lanosterol 14Į-desmethylase
(CYP51A1) is pivotal in cholesterol synthesis. Two CYP enzymes in the liver catalyze 25hydroxylation of vitamin D3 to its active form, and two other CYP enzymes catalyze the breakdown of
vitamin D3 in the liver [164,165].
There is a growing epidemic of vitamin D deficiency in the United States. In a study on serum 25hydroxyvitamin D levels obtained from the National Health and Nutrition Examination Survey
(NHANES) data, it was found that vitamin D3 levels fell sharply in the interval from 2001 to 2004
compared to the interval from 1988 through 1994 [166]. While this problem is in part due to
overaggressive sun avoidance practices, glyphosate’s interference with CYP proteins may play a role
in disrupting vitamin D3 activation in the liver.
Several CYP enzymes participate in steroid synthesis. Cytochrome P450 oxidoreductase deficiency
(POR) is a newly described disorder of steroidogenesis [167]. Five crucial lipid hormones, aldosterone,
androstenedione, cortisol, corticosterone and dehydroepiandrosterone (DHEA), are produced in the
adrenal glands, testes and ovaries, and in the adrenal cortex. All steroid hormones are produced from
cholesterol by these CYP enzymes, contained within the inner mitochondrial membrane. The lipophilic
nature of these steroids allows them to diffuse across the lipid bilayers. CYP19A1 (aromatase), whose
inhibition has been confirmed in association with glyphosate [109,110] converts androgenic precursors
into estrogen. Suppressed aromatase synthesis has been found in the brain in association with autism [168],
leading to the “super-male” profile associated with this condition [169].
CYP26A1 catabolizes retinoic acid; hence, its suppression would lead to excess retinoic acid
bioavailability. CYP26A1 is induced by retinoic acid during neural differentiation, and its action leads
to the degradation of retinoic acid, a necessary step towards maturation of the developing neurons [114].
The aryl hydrocarbon receptor (Ahr) gene induces CYP1B expression, leading to degradation of
retinoic acid. Ahr-knockout mice accumulate excess retinoic acid in the liver [170]. Thus, if liver
CYP1B expression were disrupted by glyphosate, it would lead to excess retinoic acid. Retinoic acid
suppresses the synthesis of cholesterol sulfate, a crucial step in bile acid synthesis [171]; thus, excess
retinoic acid in the liver should lead to impaired synthesis of bile acids and impaired fat metabolism.
Mutations in CYP7A1 are associated with high serum LDL and high hepatic cholesterol content,
along with deficient bile acid excretion [172]. Human CYP7B1 mutations lead to both defects in bile
acid synthesis and spastic paraplegia, involving impaired myelin sheath in the spinal cord and
uncontrolled movement disorders. The drug, clopidogrel (Plavix), administered to suppress lifethreatening stent thrombosis following cardiovascular surgery, depends upon a liver CYP enzyme,
CYP2C19, to transform it into an activated metabolite. Patients with a loss-of-function mutation in this
CYP enzyme have significant risk of an adverse event following surgery [173,174].
Glyphosate from food sources or as a contaminant in water would be likely to reach the liver in
high concentrations through direct transport from the digestive system via the hepatic portal vein. It
could be anticipated that glyphosate would disrupt many of the diverse CYP enzymes that are
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bioactive in the liver, involved in cholesterol synthesis and metabolism, vitamin D3 synthesis and
metabolism, the detoxification of xenobiotics, and regulation of retinoic acid.
Glyphosate would also be expected to travel throughout the blood stream, disrupting any CYP
enzymes it comes in contact with. Of particular concern are the two that regulate blood clotting
(thromboxane A2 synthase: CYP5A1) and hemorrhaging (prostacyclin synthase: CYP8A1). CYP5A1
stimulates platelet aggregation, whereas CYP8A1 inhibits platelet aggregation. The elderly often face
instabilities in hemorrhaging and clotting leading to Disseminated Intravascular Coagulation (DIC) and
life-threatening destabilization of the blood [175], which could be due to impaired function of these
two enzymes.
9. Glyphosate’s Potential Role in eNOS Dysfunction
Thus far, we have developed a plausible argument for how glyphosate could disrupt gut microbiota,
leading to inflammation, depletion of tryptophan, and subsequent obesity, or, in the extreme case,
anorexia nervosa. We have also discussed the many roles of CYP enzymes, and proposed that
glyphosate’s interference with CYP expression could lead to many pathologies that are commonly
occurring today, such as vitamin D3 deficiency and abnormal blood clotting.
Endothelial nitric oxide synthase (eNOS) is an orphan member of the CYP family. It is present in
endothelial cells that synthesize nitric oxide (NO), where it induces vessel relaxation and therefore
enhanced blood flow [176]. Both eNOS and CYP enzymes are heme-thiolate proteins with the same
redox partner, a diflavoprotein reductase. However, eNOS, unlike the other CYP enzymes, requires
tetrahydrobiopterin (BH4) as a cofactor for the synthesis of NO, and no other member of the CYP
family is capable of synthesizing NO.
It has recently been proposed that eNOS is a dual-purpose enzyme, producing NO when it is bound
to calmodulin in the cytoplasm, and producing sulfate when it is bound to caveolin at the plasma
membrane [177]. While no other CYP enzyme produces NO, this class is known to oxidize sulfur [178],
an important aspect of their ability to detoxify sulfur-containing drugs. Red blood cells (RBCs) contain
membrane-bound eNOS, and this has presented a puzzle to researchers, because the synthesis of NO
by RBCs would be counterproductive, due to its high reactivity with hemoglobin to form a nitrosylated
compound that is impaired in oxygen transport. Indeed, RBCs have mechanisms to maintain a very
low concentration of the substrate L-arginine. However, it is highly plausible that RBCs use their
eNOS to produce sulfate, which can then be combined with cholesterol to form cholesterol sulfate,
known to be present in large amounts in RBC plasma membranes, where it has a stabilizing effect.
A significant adverse effect of glyphosate is its hypothesized disruption of sulfate synthesis by
eNOS in the endothelium. This effect contributes to the inflammation already present due to the escape
of pathogenic bacteria through the impaired gut barrier. In fact, the two effects are synergistic, because
the sulfate depletion incurred by eNOS dysfunction further compromises the gut barrier, where sulfate
deficiencies due to transport problems are already present. Due to its homology with the CYP enzymes,
eNOS is predicted to be susceptible to disruption by glyphosate, but only in its sulfate-synthesis function.
The result will be endothelial damage due to superoxide exposure, along with sulfate deficiency. We
hypothesize that such disruption is a significant heretofore overlooked component of glyphosate’s
toxicity in mammals.
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If, as proposed in [177], RBCs use eNOS to produce sulfate, then the sulfate can be combined with
cholesterol to produce cholesterol sulfate, which, unlike cholesterol itself, is amphiphilic. RBCs are
well positioned to deliver both cholesterol and sulfate to the tissues, supplying them with these
essential nutrients. In [177], it was further proposed that endothelial cells produce sulfate catalyzed by
eNOS, using superoxide as the oxidizing agent, a reaction that is catalyzed by sunlight exposure, and
that the sulfate serves to replenish sulfate supplies to the glycocalyx, which is constructed from highly
sulfated proteoglycans. Accumulation of sulfate deficiencies in the endothelial glycocalyx contributes
significantly to vascular dysfunction [179]. Colitis is less prevalent in areas with a sunny climate [180],
suggesting that sunlight improves intestinal health by increasing sulfate supply.
Ingested glyphosate readily enters the vasculature, and hence membrane bound eNOS in RBCs and
the endothelial wall is vulnerable to the disabling effects of glyphosate on the P450 active site. This,
over time, would result in cholesterol and sulfate deficiencies, manifested as multiple disease states. It
would also explain the pathology where eNOS synthesizes superoxide in an “uncoupled” mode [181],
a pathology that has been proposed as a major source of inflammatory ROS and subsequent endothelial
dysfunction. We hypothesize that the superoxide is prevented from oxidizing sulfur by the glyphosate,
and thus becomes a destructive agent in the artery wall.
9.1. Lysosomal Dysfunction
In [177], it was proposed that lysosomal dysfunction could be predicted to follow long-term
impairment of eNOS’ sulfate synthesis. Lysosomes, the “digestive system” of the cell, require
substantial membrane cholesterol both to prevent hydrogen ion leaks and to protect membrane lipids
from oxidative damage. Lysosomes also depend upon internalized sulfate, derived from heparan
sulfate proteoglycans (HSPGs), to catalyze hydrolytic enzymes. Severe neurological dysfunction
associated with lysosomal storage diseases involving impaired heparan sulfate homeostasis attest to the
importance of sulfate in lysosomal function [182].
It has become increasingly apparent that lysosomal dysfunction is a major factor in Alzheimer’s
disease and Parkinson’s disease [183], as well as in cardiovascular disease [184] and heart failure [185].
Mitochondria are ordinarily constantly broken down and renewed by lysosomal processes, and, when
these become impaired, large aged mitochondria become a source of reactive oxygen species that
contribute significantly to neuronal damage. Cardiomyocytes, like neurons, are long-lived postmitotic
cells that are especially susceptible to lysosomal disrepair [186].
9.2. Tetrahydrobiopterin
The research literature has identified the cofactor tetrahydrobiopterin (BH4) as a significant player
in eNOS function [187,188]. BH4 shifts the heme iron in eNOS to a high spin state, as well as
increasing arginine binding, thus catalyzing the synthesis of NO by eNOS [187]. The synthesis of BH4
from its substrate GTP is induced by IFN-Ȗ, which, in turn, is induced by bacterial lipopolysaccharides
(LPS) [189]. Thus, a bacterial infection will induce NO synthesis by eNOS. However, an excess of
exogenous NO (as might be expected to occur through iNOS synthesis of NO during a bacterial
infection) causes a decrease in NO synthesis by eNOS with a simultaneous increase in superoxide
synthesis, an effect that can lead to severe hypertension in infants with congenital heart disease treated
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with inhaled NO [187]. Superoxide’s reaction with NO to produce the highly toxic peroxynitrite
(ONOOí), a potent bacteriocidal agent, is likely a critical factor. The subsequent oxidation of BH4
disrupts its ability to act as a cofactor [188], and causes “eNOS uncoupling,” leading to superoxide
synthesis in a highly disruptive feedback loop.
We hypothesize that glyphosate’s nitrosylation of the active P450 site has derailed eNOS’ ability to
synthesize sulfate in a contained environment at the caveolar sites in the membrane, thus requiring an
alternative method to synthesize sulfate that exposes the cell to ROS. This method, as previously
described in [177,190], involves the oxidation of homocysteine thiolactone, catalyzed by ascorbic acid
(vitamin C) and retinoic acid (vitamin A). Since glyphosate enhances the bioavailability of retinoic
acid through its suppression of the CYP enzyme that metabolizes it [115], this will help to promote the
alternative reaction leading to sulfate synthesis in the artery wall from homocysteine thiolactone, but
also requiring the inflammatory agent, superoxide, which over time destroys the artery wall, leading to
endothelial dysfunction and cardiovascular disease.
Elevated serum homocysteine is a strong risk factor in cardiovascular disease [191], in heart
failure [192], in dementia [193], and in kidney failure [194,195]. We propose that sulfur-containing
amino acids are deflected towards homocysteine synthesis in order to supply substrate for the
critically-needed sulfate synthesis from superoxide in the artery wall. This also explains both the
inflammation in the artery wall associated with atherosclerosis [196] and the deficiency in methionine
associated with glyphosate, due to its depletion through its role as a substrate for homocysteine synthesis.
10. Involvement of the Brain
Impairment in the homeostasis of serotonin, an important neurotransmitter that regulates mood,
appetite and sleep, has been linked to depression [197], autism [198], and Alzheimer’s disease [199,200],
as well as obesity [132]. We have already seen how glyphosate’s induction of tryptophan-derived
flavonoids and tryptophan’s incorporation into macrophages as kynurenine via IPO can explain
reduced brain serotonin levels. Vitamin D3 deficiency can also contribute to mood disorders, and is
hypothesized to be a key factor in the syndrome, Seasonal Affective Disorder (SAD), manifested as
depressed mood specifically during the winter months [201]. Excess ammonia and zinc deficiency are
also implicated in neuronal disorders, particularly Alzheimer’s disease, attention deficit hyperactivity
disorder (ADHD), and autism. DNA methylation impairment is a factor in neuronal diseases, and
glyphosate’s depletion of methionine could contribute to this defect. Below, we elaborate on the
effects of serotonin depletion, excess ammonia, zinc depletion, and methylation impairments on
disorders of the brain. We conclude this section with specific mention of a possible role for glyphosate
in two other diseases of the brain: multiple sclerosis and Parkinson’s disease.
10.1. Serotonin, Mood Disorders, and Autism
Defects in serotonin transport are associated with a wide range of mood disorders. Major depression
is accompanied by immune system activation, and the term “inflammatory and neurodegenerative (I&ND)
hypothesis” has been used to describe this complex [202]. A demonstrated increased production of cytokines
and immunoglobulins against bacterial-derived lipopolysaccharides points to increased gut permeability as
a feature in depression [203]. Patients with depression and sleep disorders exhibit significantly lower
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serum levels of tryptophan along with serum markers of inflammation such as IL-6 and IL-8 [204].
Selective serotonin reuptake inhibitors (SSRI’s) are a popular class of drugs to treat depression: they
work by impairing serotonin reuptake in the synapse, effectively increasing its bioavailability for
neuronal signaling. This strongly suggests that insufficient serotonin in the synapse could be a factor in
depression. In fact, dietary tryptophan depletion leads to relapse in recovering depressed patients [197].
Defects in the serotonin transporter gene, 5-HTT, have been associated with antisocial personality
disorder and violent behavior [205]. There has been a marked increase in the rate of irrational schoolassociated violent deaths in the United States since 1990 [206], and glyphosate may play a role in this
pattern through depletion of serotonin bioavailability. Disturbances in serotonin function in the brain
are known factors in impulsive aggression, violence, and criminal behavior [207]. Farmers in India
experienced anomalously high suicide rates following adoption of Western agricultural methods based
on extensive use of Roundup® [208]. While an explanation based on economic stress has been
proposed, suicide victims in general have low serotonin levels in the brain [209], so it is conceivable
that serotonin suppression via depletion of tryptophan by glyphosate played a role in the suicides
among farmers in India.
Genetic mutations in serotonin transporter genes have been found in association with both obsessive
compulsive disorder and autism [210]. A study comparing 40 children with idiopathic infantile autism
with normal controls showed a significantly lower serum ratio of tryptophan to large neutral amino
acids [211]. 35% of the children with autism had a ratio that was at least two standard deviations below
the mean value from the control group. It has been shown that dietary tryptophan depletion exacerbates
anxiety and repetitive ritualistic behaviors in autistic subjects [198], an effect that was surmised to be
due to impaired serotonin synthesis. Researchers have studied a mouse model of a defective serotonin
transporter gene which results in a decrease in the bioavailability of serotonin for neuronal signaling in
the brain, and have shown that the genetically modified mice exhibit autism-like behaviors [212]. This
strongly suggests that impaired serotonin supply in the brain is a feature of autism.
Melatonin, produced from serotonin, is secreted by the pineal gland, primarily at night, and is a
potent antioxidant and regulator of redox reactions [213,214]. Its neuroprotective role in aging and
many neurodegenerative conditions such as Alzheimer’s disease and Parkinson’s disease is most likely
due to its antioxidant effects [215–218]. Thus, it is anticipated that glyphosate would lead to impaired
antioxidant protection, due to the suppression of melatonin synthesis, following the depletion of
tryptophan as substrate, as previously discussed. Since melatonin is also a regulator of the wake/sleep
cycle, impaired melatonin supply will lead to sleep disorders.
10.2. Ammonia, Autism and Alzheimer’s Disease.
As stated previously, glyphosate enhances ammonia synthesis in susceptible plants via activation of the
enzyme PAL [22], and gut microbes could produce excess ammonia through enhanced PAL synthesis
under the influence of glyphosate. A parallel between autism and hepatic encephalitis has been made,
emphasizing the role that ammonia plays as a toxin in the brain in both cases [219,220]. Ammonia has
also been proposed to play a critical role in the etiology of Alzheimer’s disease [221]. Thus, excess
ammonia synthesis by gut bacteria under the influence of glyphosate could be a factor in both autism
and Alzheimer’s disease.
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10.3. A Role for Zinc Deficiency.
Zinc deficiency is a major problem worldwide, particularly in the developing world, where limited
access to zinc-rich foods such as shellfish and excess dietary exposure to phytates both contribute to
the problem [222]. Phytates, found in many nuts and grains, bind to dietary minerals and interfere with
their absorption. Lactobacilli and other beneficial gut bacteria produce the enzyme phytase, which
catalyses the release of phosphate from phytates and improves the intestinal absorption of important
minerals such as iron and zinc [223]. Because glyphosate reduces the number of these types of bacteria
in the gut, it should enhance the chelating potential of phytates. This is likely a protective measure to
avoid excess bioavailability of free phosphate, which is problematic in transport in the presence of
glyphosate. Glyphosate’s known ability to itself chelate divalent cations is likely a factor as well. Zinc
deficiency increases the risk of diarrhea, pneumonia and malaria in infants and young children.
Zinc is the most abundant trace metal in the brain [224]. Most of the amyloid-ȕ degrading enzymes
are zinc metalloproteases, and zinc is also critical in the nonamyloidogenic processing of the amyloid
precursor protein. Hence, zinc deficiency in the brain would be expected to lead to the build-up of
amyloid-ȕ, a key factor in the development of Alzheimer’s disease. Zinc deficiency has also been
implicated in autism [225] and ADHD [226,227]. Zinc is released into the synapse along with the
neurotransmitter glutamate, and it is required for memory function and the maintenance of synaptic
health as we age [228]. In [225], anomalously low zinc levels in hair analyses were found in children
on the autism spectrum. In [226], zinc sulfate supplements improved ADHD symptoms, an effect that
could be attributed to the supply of sulfate as well as zinc.
In [229], it was proposed that zinc deficiency along with excess exposure to copper may be a key
factor in Alzheimer’s disease. A study conducted in South Africa revealed that zinc supplementation
was not effective in raising plasma levels of zinc in zinc-deficient Alzheimer’s patients unless both
vitamin A and vitamin D were simultaneously supplemented [230]. Hence, vitamin D3 deficiency
(which could be caused by glyphosate’s impairment of liver CYP enzymes) may interfere with zinc
absorption, further depleting the supplies to the tissues.
10.4. Methylation Impairment
Methylation impairment has been observed in association with autism [231] and Alzheimer’s
disease [232], and this is caused by an inadequate supply of the substrate, methionine. While human
cells are unable to synthesize methionine, it can be synthesized by many enteric bacteria, for example
from cysteine via the transsulfuration pathway or through de novo synthesis from inorganic sulfur [233].
Glyphosate has been shown to significantly impair methionine synthesis in plants [21], and it may
therefore be anticipated that it would have a similar effect in gut bacteria, which could then impair
methionine bioavailability in humans. A further factor is the depletion of methionine through its
deflection towards the transsulfuration pathway, as a precursor for homocysteine, which will be
consumed to supply sulfate to the endothelial wall when eNOS’ sulfate synthesis is impaired. Since
methionine is the source of methyl groups in methylation pathways, this effect of glyphosate could
contribute directly to methylation impairment.
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10.5. Molecular Mimicry and Multiple Sclerosis
An increased incidence of inflammatory bowel disease has been found in association with multiple
sclerosis (MS) [234]. This could be explained by the hypothesis that gut bacteria leaking into the
vasculature cause an immune reaction, and that molecular mimicry leads to an autoimmune disorder
resulting in destruction of the myelin sheath. A systematic search comparing reported sequences from
all known human bacterial and viral agents against three known encephalitogenic peptides identified
matching mimics predominantly in gut bacteria [235]. This could explain why no infective agents have
been found in association with MS, but would also suggest that the recent increase in the incidence of
MS [236] may be traced to inflammatory bowel disease, and, hence, to glyphosate.
10.6. Dopamine and Parkinson’s Disease
Since dopamine is synthesized from tyrosine and its precursor phenylalanine, tyrosine and
phenylalanine depletion by glyphosate in both plants and microbes would be expected to reduce their
bioavailability in the diet. It has been demonstrated that dietary reductions of phenylalanine and
tyrosine induce reduced dopamine concentrations in the brain [237]. Impaired dopaminergic signaling
in the substantia nigra is a key feature of Parkinson’s disease, and Parkinson’s risk has been associated
with exposure to various pesticides, including the herbicide paraquat [238], although, to our
knowledge, glyphosate has not yet been studied in this respect. However, exposure of C. elegans to
glyphosate led to pathology in the nervous system in the region analogous to the nigrostriatal
dopamine system associated with Parkinson’s disease [239].
Sulfate deficiency in the brain has been associated with Parkinson’s disease, as well as Alzheimer’s
disease and Amyotrophic Lateral Sclerosis (ALS) [240]. We have argued above that glyphosate
disrupts sulfate transport from the gut to the liver, and may interfere with sulfate synthesis by eNOS in
the arterial wall and in RBCs and platelets, leading over time to severe sulfate deficiency throughout
all the tissues. This would further impact these devastating diseases of the elderly, all of which are
currently on the rise.
11. Other Adverse Health Effects
In this section, we will briefly mention several other pathologies in which we suspect that
glyphosate may play a role in the observed increases in incidences in recent times. These include liver
disease, cancer, cachexia, and developmental and fertility problems.
11.1. Liver Disease
Cytokines like TNF-Į have been identified as a key factor in fatty liver disease, which has emerged
as a growing public health problem worldwide [241]. In the extreme case, liver pathology develops
into nonalcoholic steatohepatitis (NASH), which can lead to cirrhosis and liver failure. Cytokines
induce inflammation which damages the liver. TNF-Į inhibits insulin signaling [242,243], and
cytokines can induce hepatic lipid overloading as well as liver fibrosis. Glyphosate’s role in inducing
cytokines has already been developed in this paper. Obesity is associated with an increased expression
of membrane-associated TNF-Į in adipose tissue [244].
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11.2. Development and Fertility
Cholesterol sulfate plays an essential role in fertilization [245] and zinc is essential to the male
reproductive system [246], with a high concentration found in semen. Thus, the likely reduction in the
bioavailability of these two nutrients due to effects of glyphosate could be contributory to infertility
problems. Furthermore, glyphosate’s suppression of CYP protein activity would be expected to disrupt
steroidogenesis. Inflammation leads to excess ROS and RNS exposure, which can damage DNA
during cell replication, thus disrupting embryonic development. Glyphosate is capable of crossing the
placental barrier [247]. Preeclampsia, a life-threatening condition for both the mother and the fetus that
develops during the third trimester, is on the rise in America, and it has been proposed that this may be
due to impaired sulfate supply [248], directly attributable to glyphosate exposure. For all of these
reasons, glyphosate exposure would lead to infertility problems.
According to the World Bank, the fertility rate in Argentina peaked at 3.39 in 1978, and has been
declining steadily since then. The rate of decline accelerated during the last five years of the twentieth
century. Social pressures certainly explain some of the drop in birth rate, but it is possible that
environmental factors, such as glyphosate, also play a role. 1994 was the year that the FDA authorized
the sale of Roundup Ready® (RR) soybeans in the North American market [249], and Argentina
followed suit two years later. “After they were authorized in 1996, RR soybeans spread through
Argentina at an absolutely unprecedented speed in the history of agriculture: an average of more than
two million acres a year.” [249]. Argentina now exports 90% of its soybeans, which have become a
monoculture crop and a cash cow.
The fertility rate in Brazil has also dropped dramatically over the past several decades from six
children per woman on average to fewer than two, now lower than that of the United States. Brazil is
the second largest producer and exporter of soybeans in the world behind Argentina, and it has
embraced genetically modified soybeans engineered to be glyphosate-tolerant as a means to increase
production since the mid 1990’s. A rapidly evolving glyphosate-resistant weed population in Brazil
due to genetically engineered glyphosate-tolerant crops is leading to increased use of glyphosate in
recent years [250], the same time period in which a rapid drop in birth rates was observed. A steady
increase in the rate of preterm births in Brazil over the past two decades has been noted, although the
cause remains elusive. For instance, the rate increased from 6% in 1982 to 15% in 2004 in the town of
Pelotas [251]. It is conceivable that increased exposure to glyphosate is contributing to this problem.
This idea is in line with a study of an Ontario farm population, which revealed that glyphosate
exposure any time during pregnancy was associated with a statistically significant increased risk of a
late-pregnancy spontaneous abortion [252].
The birth rates in Western Europe have been declining for decades, with Germany’s rate now being
1.36 children per woman. Birth rates have also been declining in the U.S since 2007, and are now at
1.9 children per woman, according to the 2011 government statistics [253].
Testicular Leydig cells produce testosterone, and thus play a crucial role in male reproductive
function. The protein StAR (steroidogenic acute regulatory protein) mediates the rate-limiting step in
steroidogenesis. In a recent in vitro study of a mouse tumor Leydig cell line, Roundup was shown to
disrupt StAR expression, thus interfering with testosterone synthesis [254]. It was shown that
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Roundup® interferes with testosterone synthesis even at very low environmental doses, and higher
doses were associated with necrosis and apoptosis in rat testicular cells.
In [255], the in vitro effects of several different pesticides and herbicides on the synthesis of
progesterone in testicular Leydig cells were investigated. Comparing eight different pesticides
(Ammo®, Banvel®, Cotoran®, Cyclone®, Dual®, Fusilade® and Roundup®), it was found that, among
these eight, Roundup® uniquely disrupted the cells’ ability to produce progesterone, reducing synthesis
levels by up to 94% in a dose-dependent manner, without reducing total protein synthesis.
For steroidogenesis, in addition to StAR, the side chain cleavage enzyme (P450scc) is required as
well. The authors in [255] found that Roundup® inhibited both P450scc activity and StAR activity.
Through formal measurements, it was determined that Roundup® reduced StAR protein levels by 90%,
and inhibited P450scc activity by 71%. Glyphosate acting alone did not decrease steroidogenesis,
suggesting that one or more of the adjuvants in Roundup® work in concert with glyphosate to suppress
synthesis levels, e.g., by enabling glyphosate entry into the cell through a surfactant effect or perhaps
acting on their own to inhibit synthesis. StAR plays an important role in steroid production not only in
the reproductive organs but also in the adrenal glands. Thus, Roundup® exposure would be expected to
adversely affect fertility and impair the synthesis of glucocorticoids and mineralocorticoids in the
adrenal glands.
Sea urchins are a popular model for studying mitosis in development. During mitosis, DNA damage
or replication errors (for example due to excess exposure to ROS and RNS) leads to cell cycle arrest at
certain “checkpoints” in G1, S, or G2 phase [256]. Cyclin-dependent protein kinases (CDKs) are
important regulators of these checkpoints, signaling the “go-ahead” to transition to the next phase.
Glyphosate in combination with the adjuvants in Roundup® experimentally induced a cell cycle delay
in the transition from G2 to M phase in sea urchin embryos [257,258]. CDK1, acting on cyclin B,
universally regulates the M-phase of the cell cycle, and Roundup® was shown to delay activation of
CDK1/cyclin B via tyrosine 15 dephosphorylation in vivo, the likely means by which it interferes with
cell cycle progression.
11.3. Cancer
While glyphosate is not generally believed to be a carcinogen, a study on a population of
professional pesticide applicators who were occupationally exposed to glyphosate revealed a
substantial increased risk to multiple myeloma [259]. Myeloma has been associated with agents that
cause DNA damage [260], and DNA damage is a known consequence of chronic exposure to
inflammatory agents, which, we have argued, are induced by glyphosate acting on the gut bacteria and
suppressing CYP activity. Depleted supply of tryptophan as a substrate for poly-ADP ribose also
contributes to DNA damage.
Multiple myeloma accounts for around 15% of all lymphatohematopoietic cancers and around 2%
of all cancer deaths each year in the United States [261]. Symptoms include bone destruction,
hypercalcemia, anemia, kidney damage and increased susceptibility to infection. Obesity is a known
risk factor [261], so one way in which glyphosate could increase risk indirectly is through its potential
role as an obesogen.

KWWSSHRSOHFVDLOPLWHGXVHQHII(QWURS\HQWURS\SGI

,)UD
&LWHG5HIHUHQFH 6DPVHODQG6HQHIID

Entropy 2013, 15

1440

Virtually all multiple myelomas involve dysregulation of a cyclin D gene [262]. Overexpression of
cyclin D protein releases a cell from its normal cell-cycle control and could cause a transformation to a
malignant phenotype. The fact that glyphosate suppresses cyclin-dependent kinase could be a factor in
inducing pathological overexpression of the substrate, cyclin D.
Another type of cancer that may be implicated with glyphosate exposure is breast cancer. The
strongest evidence for such a link comes from the studies on rats exposed to glyphosate in their food
supply throughout their lifespan, described previously, where some of the female rats succumbed to
massive mammary tumors [9]. The incidence of breast cancer has skyrocketed recently in the United
States, to the point where now one in three women is expected to develop breast cancer in their lifetime.
Breast cancer risk is associated with certain polymorphisms of the CYP gene CYP1A2 and the
sulfotransferase, SULT1A1 [263], and this in turn is associated with altered estrogen and testosterone
expression, along with increased premenopausal breast density, a risk factor for breast cancer [264]. In [263],
it was suggested that impaired sulfation capacity could lead to slower metabolism of sex hormones and
subsequent increased breast density, as well as increased risk to breast cancer. This suggests that
disruption of CYP1A2 and/or of sulfate bioavailability by glyphosate could lead to a similar result. A
high body mass index (BMI) is associated with low CYP1A2 activity in premenopausal women
(p = 0.03) [265], and, as we have seen, the low CYP1A2 activity may be a reflection of glyphosate
suppression of CYP enzymes, in association with glyphosate depletion of tryptophan as an obesogenic
influence, and glyphosate disruption of sulfate synthesis by eNOS.
Obese postmenopausal women are at increased risk to breast cancer compared with lean
postmenopausal women [266]. Studies on Zucker rats exposed to 7,12-dimethylbenz(a)anthracene, a
chemical procarcinogen known to produce mammary adenocarcinoma in rats, demonstrated a much
stronger susceptibility in obese rats compared to lean rats [267]. By the end of the study, obese rats had
a 68% tumor incidence, compared to only 32% in lean rats. Subcutaneous fat expresses aromatase, and
this increased expression has been suggested to play a role in inducing the increased risk, through the
resulting increased estrogen synthesis [268,269]. It has been shown that inflammation increases aromatase expression in the mammary gland and in adipose tissue. Since we have developed an argument that
glyphosate can lead to inflammation, this again suggests a link between glyphosate and breast cancer.
11.4. Cachexia
Cachexia (muscle wasting) is a frequent debilitating complication of cancer, AIDS, and other
chronic inflammatory diseases. The loss of muscle mass arises from accelerated protein degradation
via the ubiquitin-proteasome pathway, which requires ubiquitin conjugating of designated proteins
prior to their disposal [270]. The ubiquitin-conjugating pathway is stimulated by TNF-Į, thus
promoting muscle breakdown. In [271], it was shown that TNF-Į upregulates expression of the
ubiquitin ligase atrogin1/MAFbx in skeletal muscle, via the mitogen-activated kinase (MAPK)
pathway. Thus increased TNF-Į expression as a consequence of the inflammatory response associated
with glyphosate exposure could be a factor in cachexia.
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12. Glyphosate in Food Sources
Following its successful commercial introduction in 1974 in the U.S., glyphosate has now become
the dominant herbicide worldwide [6]. In large part this is due to its perceived lack of toxicity in
humans. Since becoming generic in 2000, the dramatic drop in cost has encouraged global use of the
generic version. Today, it is estimated that 90% of the transgenic crops grown worldwide are
glyphosate resistant. The rapidly growing problem of glyphosate-resistant weeds is reflected in steady
increases in the use of glyphosate on crops.
Table 1. Estimated range for glyphosate usage in agriculture in the U.S. as a function of
year. Range is estimated in units of millions of pounds. These data were obtained from the
EPA [272].
Year
Range

Glyphosate usage for the USA (Range in millions of pounds)
2001
2003
2005
85–90
128–133
155–160

2007
180–185

Today, Americans spray more than 100 million pounds of Roundup®, the most popular among
Monsanto's chemicals, on their yards and farms every year. According to the most recent statistics
from the U.S. Environmental Protection Agency (EPA) [272], the U.S. currently represents 25% of the
total world market on herbicide usage. Glyphosate, first registered for use in 1974, has been the most
common herbicide used in the United States since 2001, and the amount of glyphosate usage has
increased steadily since then, as shown in Table 1. In 2007, the most recent year for which such
numbers are available, the U.S. used an estimated 180 to 185 million pounds of glyphosate, more than
doubling the amount used just six years before.
The Western diet is a delivery system for toxic chemicals used in industrial agriculture. The diet
consists primarily of processed foods based on corn, wheat, soy and sugar, consumed in high quantities.
Chemical residues of insecticides, fungicides and herbicides like glyphosate contaminate the entire diet.
Over the last decade, there has been widespread adoption in the U.S. of Roundup Ready® (RR) crops,
particularly for the major productions of soy, beet sugar, and corn that supply the processed food
industry. The recent alarming rise in type-2 diabetes has been attributed to excess intake of high
fructose corn syrup, which has increased to unprecedented levels in the last decade [273]. This refined
sugar is now usually derived from glyphosate-exposed GM corn. GM cotton is also increasingly being
used as a source for cottonseed oil, widely present in processed foods such as potato chips, due to its
low cost. A recent comparison between glyphosate-sensitive and glyphosate-resistant soybean crops
revealed that the resistant plants took up much higher levels of glyphosate into their leaves [274]. A
corollary is that these plants would be expected to yield much higher glyphosate concentrations in
derived food sources, compared to their non-GMO counterparts.
Confined animal feeding operations (CAFOs) are used to produce dietary animal protein for a
mostly non-agrarian population [275]. Cows, pigs, sheep, goats, chickens and even farm-raised fish
and shrimp are fed a diet primarily of genetically engineered grains and forage materials laced with
herbicide. As a consequence, animal products like, eggs, butter, cheese and milk are also contaminated
with these residues. The highest levels of glyphosate are found in grain and sugar crops. The herbicide
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is not only used with RR crops, but also, as previously mentioned, it is used as a preharvest desiccant
on sugar cane, wheat and also RR sugar beets, canola, and cottonseed for oils, among others.
It is difficult to get information on actual amounts of glyphosate present in foods, due to the
perception that it is nontoxic to humans [1,6]. The USDA Pesticide Data Program (PDP) is a voluntary
program which randomly monitors agricultural chemical residues in the food supply. A search of the
most recent data for 2010, published in May 2012, found statistics for the most popular agricultural
chemicals except for glyphosate and glufosinate, another organophosphate. Residue data for the most
popular herbicide on the planet were not available, but, interestingly, information on atrazine and other
herbicides were readily available. Communication with USDA revealed that no data were available
due to lack of monitoring. However, in 2013, for the first time, the USDA will be releasing a small
amount of data for glyphosate residues only in soy. Lack of program funding was cited as the reason
for this lack of data.
Recently, residue levels have been on the rise, due to higher rates and frequency of application,
which in turn is due to increasing weed resistance. This has led the chemical and biotech industry to
demand approvals for higher residue standards. In 1999 both the European Union (EU) and the UK
raised the maximal glyphosate levels allowed in soy for industry from 0.1 ppm to 20 ppm. Both the
USA and Argentina supply glyphosate-laden grains to European markets, so one could expect to find
similar levels in the U.S.
The European Union’s current standard for glyphosate in lentils is 0.1 mg/kg but a new industry
proposal seeks to raise the standard by more than 100 times to 10 mg/kg or even 15 mg/kg [276]. This
is not due to safety considerations, but rather to levels that are anticipated, following usage of the
herbicide as a preharvest desiccant. The action will ignore the possible effects to public health. The
effects of animal health from ingestion of glyphosate residues have also been ignored. Current
standards for residues in feed and forage materials are totally out of line with those of humans.
Tolerances for animal grass and corn forage are 300 and 400 ppm respectively. It is apparent that the
EPA standard is being ignored on a global scale for industry at the expense of public health and
the environment.
13. Discussion
Glyphosate is today the most popular herbicide in use in agricultural practices in the U.S., and,
increasingly, throughout the world. Its usage rate has accelerated significantly in the last decade due
mainly to two factors: (1) the patent expiration in 2000 led to greatly reduced cost, and (2) the adoption
of genetically modified crops that are resistant to its toxic effects allows for higher exposure with little
loss in harvest yield. The notion that glyphosate has minimal toxicity in humans, widely popularized by
Monsanto, has prevented farmers from using caution in their application of this chemical to their crops.
The recent rise in the rates of autism diagnoses in the United States is a cause for alarm. We have
recently proposed that autism can be characterized as a chronic low-grade encephalopathy, where the
cascade of events taking place in the brain is a process that enables the renewal of severely depleted
sulfate supplies to the brain [277]. We identified a dysbiosis in the gut as a source of ammonia that
initiates the encephalytic response, and we proposed glyphosate as one of the many environmental
toxins that might be responsible for the dysbiosis and for sulfate depletion. A review of the literature
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on glyphosate has confirmed our suspicions that glyphosate might play a role, and, further, have led us
to believe that glyphosate may be the most significant environmental toxin contributing to autism.
While it is pervasive in our food supply, the fact that it is deemed by most regulators to be nontoxic
makes it especially insidious. The key pathological biological effects of glyphosate -- disruption of the
gut bacteria, impairment of sulfate transport, and interference with CYP enzyme activity—can easily
explain the features that are characteristic of autism.
The term "developmental immunotoxicity" has been coined to describe permanent modifications to
the immune function that take place early in life, leading to later development of allergies, asthma, and
autoimmune diseases [278–280]. These authors have argued that prenatal and/or early life exposure to
environmental toxins can lead to a phenotype that includes a hyperinflammatory response and
disruption of cytokine networks, and they propose that an increased exposure to environmental toxins
early in life may contribute to the increased incidence of these conditions observed today. It is
significant that these problems often occur in association with autism [281].
Contrary to the current widely-held misconception that glyphosate is relatively harmless to humans,
the available evidence shows that glyphosate may rather be the most important factor in the
development of multiple chronic diseases and conditions that have become prevalent in Westernized
societies. In addition to autism, these include gastrointestinal issues such as inflammatory bowel
disease, chronic diarrhea, colitis and Crohn’s disease, obesity, cardiovascular disease, depression,
cancer, cachexia, Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, and ALS, among others.
While glyphosate is obviously not the only environmental toxin to contribute to these diseases and
conditions, glyphosate’s ability to disrupt the gut bacteria, to impair serum transport of sulfate and
phosphate, and to interfere with CYP enzymes, logically progresses to this multitude of diseased states,
through well-established biological processes. And glyphosate’s disruption of the body’s ability to
detoxify other environmental toxins leads to synergistic enhancement of toxicity. While genetics surely
play a role in susceptibility, genetics may rather influence which of these conditions develops in the
context of glyphosate exposure, rather than whether any of these conditions develops.
We have explained the logical sequence of events leading to serotonin deficiency and subsequent
pathologies, following glyphosate’s disruption of tryptophan synthesis by gut bacteria [10,29], and its
further sequestration into macrophages that infiltrate the intestinal tissues in order to detoxify
lipopolysaccharides released from pathogenic bacteria, whose overgrowth is induced by glyphosate [35].
Sulfate depletion arises in the gut, both because of impaired transport of free sulfate in the bloodstream
and impaired sulfate synthesis by eNOS [63,64]. Disruption of gut bacteria, exposure to toxic phenolic
compounds necessary to enable sulfate transport, and deficient sulfate supply to the
mucopolysaccharides in the gut all contribute to the leaky gut syndrome that is a common feature in
autism [51]. The evidence shows that glyphosate can interfere with development through its
suppression of aromatase synthesis [110] and through its interference with the breakdown of retinoic
acid [113] and its interference with CDKs and sulfate supplies. Glyphosate could also be a factor in the
current epidemic in vitamin D3 deficiency [166] through its disruption of the CYP enzymes that
activate this hormone in the liver [164,165]. The kosmotropic property of the glyphosate molecule
combined with its disruption of CYP enzymes in the blood stream can lead to excess thrombosis and
hemorrhaging, common problems today among the elderly.
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We propose that glyphosate’s disruption of the synthesis of sulfate by the CYP orphan enzyme,
eNOS, leads to widespread deficiencies in cholesterol and sulfate in the blood stream and all the
tissues. We have previously described how disruption of eNOS’ synthesis of sulfate would lead to
diabetes and cardiovascular disease [177]. Glyphosate’s induction of excess synthesis of ammonia in
the gut, combined with depletion of zinc through impaired absorption, depletion of serotonin through
dysbiosis of its substrate, tryptophan, depletion of dopamine through impaired synthesis of its
substrate, tyrosine, depletion of vitamin D3, due to impairments in the CYP enzyme responsible for its
activation, and depletion of sulfate through interference with its synthesis, can all lead to a multitude of
pathologies in the brain, including autism, Alzheimer’s disease, ADHD, Parkinson’s disease, multiple
sclerosis and ALS.
There is a substantial alignment among countries, worldwide, with low or decreasing birth rates,
emerging obesity problems, and an increasing glyphosate burden. Given the arguments presented here,
it is plausible that glyphosate is causal in these trends. It may also be possible to demonstrate strong
correlations between glyphosate usage and both autism and breast cancer. Formal epidemiological
studies should be conducted to look at these issues more closely.
In our opinion, it is imperative that governments around the globe unite in investing significant
research funds to support independent studies evaluating the long-term effects of glyphosate. Other
researchers should try to reproduce the results obtained in [9] showing tumorigenesis and premature
death in rats with life-long exposure to glyphosate. The study on the gut microbiome of chickens [35]
needs to be reproduced in other species, and the gene array study on E. coli [39] needs to be
reproduced for other common gut bacteria. The novel idea that glyphosate disrupts sulfate transport
through its kosmotropic effects, as predicted given biophysical laws, needs to be verified in specific
studies among a variety of species. This could be done by comparing the levels of free sulfate in the
blood under conditions of glyphosate exposure against controls. The study on glyphosate's effects on
bees [126] should be reproduced by other researchers, along with further studies examining the impact
of prior exposure to glyphosate on bees' resistance to pesticides. More refined and economical methods
for detecting glyphosate in the food supply, such as in [0,283], and in the water supply [284], need to
be developed, and then applied to a variety of different food items. Most critical in our view are the
vegetable oils derived from GM crops canola oil, soybean oil, corn oil, and cottonseed oil, as well as
soy-derived protein, beet sugar, and high fructose corn syrup – ingredients that are pervasive in
processed foods. Glyphosate is likely also present in meat, eggs, cheese, and other dairy products
derived from animals fed glyphosate-contaminated grass, alfalfa, corn, and soy [285,286].
14. Conclusion
This paper presents an exhaustive review of the toxic effects of the herbicide, glyphosate, the active
ingredient in Roundup®, in humans, and demonstrates how glyphosate’s adverse effects on the gut
microbiota, in conjunction with its established ability to inhibit the activity of cytochrome P450
enzymes, and its likely impairment of sulfate transport, can remarkably explain a great number of the
diseases and conditions that are prevalent in the modern industrialized world. Its effects are insidious,
because the long-term effects are often not immediately apparent. The pathologies to which glyphosate
could plausibly contribute, through its known biosemiotic effects, include inflammatory bowel disease,
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obesity, depression, ADHD, autism, Alzheimer’s disease, Parkinson’s disease, ALS, multiple sclerosis,
cancer, cachexia, infertility, and developmental malformations. Glyphosate works synergistically with
other factors, such as insufficient sun exposure, dietary deficiencies in critical nutrients such as sulfur
and zinc, and synergistic exposure to other xenobiotics whose detoxification is impaired by glyphosate.
Given the known toxic effects of glyphosate reviewed here and the plausibility that they are negatively
impacting health worldwide, it is imperative for more independent research to take place to validate
the ideas presented here, and to take immediate action, if they are verified, to drastically curtail the use
of glyphosate in agriculture. Glyphosate is likely to be pervasive in our food supply, and, contrary to
being essentially nontoxic, it may in fact be the most biologically disruptive chemical in our environment.
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ABSTRACT
Celiac disease, and, more generally, gluten intolerance, is a growing problem worldwide, but especially in North America and Europe,
where an estimated 5% of the population now suffers from it. Symptoms include nausea, diarrhea, skin rashes, macrocytic anemia and
depression. It is a multifactorial disease associated with numerous nutritional deficiencies as well as reproductive issues and increased
risk to thyroid disease, kidney failure and cancer. Here, we propose that glyphosate, the active ingredient in the herbicide, Roundup®,
is the most important causal factor in this epidemic. Fish exposed to glyphosate develop digestive problems that are reminiscent of
celiac disease. Celiac disease is associated with imbalances in gut bacteria that can be fully explained by the known effects of glyphosate on gut bacteria. Characteristics of celiac disease point to impairment in many cytochrome P450 enzymes, which are involved
with detoxifying environmental toxins, activating vitamin D3, catabolizing vitamin A, and maintaining bile acid production and sulfate
supplies to the gut. Glyphosate is known to inhibit cytochrome P450 enzymes. Deficiencies in iron, cobalt, molybdenum, copper and
other rare metals associated with celiac disease can be attributed to glyphosate’s strong ability to chelate these elements. Deficiencies
in tryptophan, tyrosine, methionine and selenomethionine associated with celiac disease match glyphosate’s known depletion of
these amino acids. Celiac disease patients have an increased risk to non-Hodgkin’s lymphoma, which has also been implicated in
glyphosate exposure. Reproductive issues associated with celiac disease, such as infertility, miscarriages, and birth defects, can also be
explained by glyphosate. Glyphosate residues in wheat and other crops are likely increasing recently due to the growing practice of
crop desiccation just prior to the harvest. We argue that the practice of “ripening” sugar cane with glyphosate may explain the recent
surge in kidney failure among agricultural workers in Central America. We conclude with a plea to governments to reconsider policies
regarding the safety of glyphosate residues in foods.
KEY WORDS: celiac disease; gluten; glyphosate; food; cytochrome P450; deficiency

1 Introduction
Gluten intolerance is a growing epidemic in the U.S. and,
increasingly, worldwide. Celiac sprue is a more specific
disorder, characterized by gluten intolerance along with
autoantibodies to the protein, transglutaminase, which
builds crosslinks in undigested fragments of gliadin, a
major constituent of gluten (Green & Cellier, 2007). The
autoantibodies are produced as an immune response to
undegraded fragments of proteins in gluten. A remarkable
set of symptoms develop over time in association with
celiac disease, including weight loss, diarrhea, chronic
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fatigue, neurological disorders, anemia, nausea, skin
rashes, depression, and nutrient deficiencies. Usually, but
not always, a strict gluten-free diet can alleviate many of
the symptoms. A key associated pathology is an inflammatory response in the upper small intestine, leading
to villous atrophy, a flattening of the microvilli which
impairs their ability to function in their important role in
absorbing nutrients.
Some have suggested that the recent surge in celiac
disease is simply due to better diagnostic tools. However,
a recent study tested frozen sera obtained between 1948
and 1954 for antibodies to gluten, and compared the
results with sera obtained from a matched sample from
people living today (Rubio-Topia et al., 2009). They identified a four-fold increase in the incidence of celiac disease
in the newer cohort compared to the older one. They also
determined that undiagnosed celiac disease is associated with a 4-fold increased risk of death, mostly due to
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all emergent herbicides. Humans do not possess this
pathway, and therefore we depend upon our ingested food
and our gut microbes to provide these essential nutrients.
Glyphosate, patented as an antimicrobial (Monsanto
Technology LLC, 2010), has been shown to disrupt gut
bacteria in animals, preferentially killing beneficial forms
and causing an overgrowth of pathogens. Two other
properties of glyphosate also negatively impact human
health – chelation of minerals such as iron and cobalt,
and interference with cytochrome P450 (CYP) enzymes,
which play many important roles in the body. We will
have much more to say about these aspects in later sections of this paper.
A recent study on glyphosate exposure in carnivorous
fish revealed remarkable adverse effects throughout the
digestive system (Senapati et al., 2009). The activity of
protease, lipase, and amylase were all decreased in the
esophagus, stomach, and intestine of these fish following exposure to glyphosate. The authors also observed
“disruption of mucosal folds and disarray of microvilli
structure” in the intestinal wall, along with an exaggerated secretion of mucin throughout the alimentary
tract. These features are highly reminiscent of celiac
disease. Gluten peptides in wheat are hydrophobic and
therefore resistant to degradation by gastric, pancreatic
and intestinal proteases (Hershko & Patz, 2008). Thus, the
evidence from this effect on fish suggests that glyphosate
may interfere with the breakdown of complex proteins in
the human stomach, leaving larger fragments of wheat
in the human gut that will then trigger an autoimmune

increased cancer risk. They concluded that the prevalence
of undiagnosed celiac disease has increased dramatically
in the United States during the past 50 years.
Transglutaminases play many important roles in
the body, as they form covalent crosslinks in complex
proteins in connection with blood coagulation, skinbarrier formation, extracellular matrix assembly, and
fertilization, endowing the substrate with protection from
degradation by proteases (Lorand & Graham, 2003). They
also form crosslinks in undigested fragments of gliadin
derived from wheat, and sensitivity to certain of these
fragments leads to the development of autoantibodies to
tissue transglutaminase (Esposito et al., 2002) that inhibit
its activity.
Glyphosate is the active ingredient in the herbicide
Roundup. It is a broad-spectrum herbicide, considered
to be nearly nontoxic to humans (Williams et al., 2000).
However, a recent paper (Samsel & Seneff, 2013), argued
that glyphosate may be a key contributor to the obesity
epidemic and the autism epidemic in the United States,
as well as to several other diseases and conditions, such
as Alzheimer’s disease, Parkinson’s disease, infertility,
depression, and cancer. Glyphosate suppresses 5-enolpyruvylshikimic acid-3-phosphate synthase (EPSP synthase),
the rate-limiting step in the synthesis of the aromatic
amino acids, tryptophan, tyrosine, and phenylalanine, in
the shikimate pathway of bacteria, archaea and plants (de
María et al., 1996). In plants, aromatic amino acids collectively represent up to 35% of the plant dry mass (Franz,
1997). This mode of action is unique to glyphosate among
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Figure 1. Hospital discharge diagnosis (any) of celiac disease ICD-9 579 and glyphosate applications to wheat (R=0.9759, p≤1.862e-06).
Sources: USDA:NASS; CDC. (Figure courtesy of Nancy Swanson).
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response, leading to the defects in the lining of the small
intestine that are characteristic of these fish exposed to
glyphosate and of celiac patients. As illustrated in Figure 1,
the usage of glyphosate on wheat in the U.S. has risen
sharply in the last decade, in step with the sharp rise in
the incidence of Celiac disease. We explain the reasons for
increased application of glyphosate to wheat in Section 13.
In the remainder of this paper, we will first show that
gut dysbiosis, brought on by exposure to glyphosate, plays
a crucial role in the development of celiac disease. Many
CYP enzymes are impaired in association with celiac
disease, and we show that glyphosate’s known suppression
of CYP enzyme activity in plants and animals plausibly
explains this effect in humans. In Section 4, we describe
the role of excess retinoic acid in celiac disease, and show
how this ties also to reproductive problems. We link this to
the known effects of glyphosate on retinoic acid, mediated
by its suppression of CYP enzymes. Section 5 addresses
cobalamin deficiency, a known pathology associated with
celiac disease that leads to macrocytic anemia. We argue
that this follows as a direct consequence of glyphosate’s
ability to chelate cobalt. Section 6 discusses in more depth
the role of anemia in celiac disease, a consequence of both
cobalamin and iron deficiency. Section 7 discusses molybdenum deficiency and its link to microcephaly, which is
associated with celiac disease. Section 8 discusses the link
between selenium deficiency and autoimmune thyroid
disease. Section 9 discusses kidney disease in connection
with celiac disease and glyphosate. Section 10 discusses
various nutritional deficiencies associated with celiac
disease, and shows how these can directly be explained
by glyphosate. Section 11 discusses the link between
celiac disease and certain rare cancers that have also been
linked to glyphosate. Section 12 goes into an in-depth
discussion of how glyphosate might promote autoantibodies to transglutaminase. Following a section which
presents compelling evidence that glyphosate residues
in wheat, sugar and other crops are likely increasing in
recent decades, and a section discussing the increased risk
to kidney failure in agricultural workers exposed to excess
glyphosate occupationally, we close with a discussion
section that summarizes our findings, and a conclusion
which implores governments to pay more attention to
the damaging consequences of the escalation in chemical
warfare on weeds that characterizes current agricultural
practices.

2 Gut bacteria
In this section, we first discuss the role of pathogens in
inducing the breakdown of tight junctions in enterocytes
lining the small intestinal wall. We then show that glyphosate is associated with an overgrowth of pathogens along
with an inflammatory bowel disease in animal models. A
parallel exists with celiac disease where the bacteria that
are positively and negatively affected by glyphosate are
overgrown or underrepresented respectively in association with celiac disease in humans. We also discuss how

the beneficial bacteria that are negatively impacted by
glyphosate can protect from celiac disease through their
enzymatic activities on gluten, and point to several articles
recommending treatment plans based on probiotics.
Pathogens, through their activation of a potent signaling molecule called zonulin, induce a breakdown of the
tight junctions in cells lining the gut, leading to “leaky
gut” syndrome (Fasano, 2011). Concentrations of zonulin
were sharply elevated (p<0.000001) in subjects with celiac
disease during the acute phase (Fasano et al., 2000). As
many as 30% of celiac patients continue to experience
GI symptoms after adopting a gluten-free diet, despite
optimal adherence, a condition that was attributed to
bacterial overgrowth in the small intestine (Tursi et al.,
2003). Figure 2 shows that there is a correlation between
glyphosate application to wheat and the incidence of
intestinal infections.
Evidence of disruption of gut bacteria by glyphosate is
available for poultry (Shehata et al., 2013), cattle (Krüger
et al., 2013), and swine (Carman et al., 2013). Glyphosate
disrupts the balance of gut bacteria in poultry (Shehata et
al., 2013), increasing the ratio of pathogenic bacteria to
other commensal microbes. Salmonella and Clostridium
are highly resistant to glyphosate, whereas Enterococcus,
Bifidobacteria, and Lactobacillus are especially susceptible. Glyphosate was proposed as a possible factor in
the increased risk to Clostridium botulinum infection
in cattle in Germany over the past ten to fifteen years
(Krüger et al., 2013b). Pigs fed GMO corn and soy developed widespread intestinal inflammation that may have
been due in part to glyphosate exposure (Carman et al.,
2013).
Celiac disease is associated with reduced levels of
Enterococcus, Bifidobacteria and Lactobacillus in the gut
and an overgrowth of pathogenic gram negative bacteria
(Sanz et al., 2011; Di Cagno et al., 2011; Collado et al., 2007).
In (Di Cagno et al., 2011), Lactobacillus, Enterococcus
and Bifidobacteria were found to be significantly lower
in fecal samples of children with celiac disease compared
to controls, while levels of the pathogens, Bacteroides,
Staphylococcus, Salmonella, a Shighella were elevated. In
(Collado et al., 2007), another study comparing the fecal
material of celiac infants to healthy controls, Bacteroides,
Clostridium and Staphylococcus were all found to be
significantly higher (p<0.05). Sulfate-reducing bacterial
counts were also elevated (p<0.05) (Nadal et al., 2007;
Collado et al., 2007), an interesting observation which we
will return to later in this paper. A significant reduction
in Bifidobacteria was also found in (Nadal et al., 2007). An
increased excretion of the bacterial metabolites p-Cresol
and phenol has also been recognized in association with
celiac disease (Tamm, 1984). p-Cresol is produced via
anaerobic metabolism of tyrosine by pathogenic bacteria
such as Clostridium difficile (D’Ari and Barker, 1985). It
is a highly toxic carcinogen, which also causes adverse
effects on the central nervous system, the cardiovascular
system, lungs, kidney and liver (Kelly et al., 1994).
Probiotic treatments are recommended to aid in digestive healing in celiac disease. The proteolytic activity of
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Figure 2. Deaths due to intestinal infections ICD A04, A09; 008, 009 with glyphosate applications to wheat (R=0.9834, p≤3.975e-09). Sources:
USDA:NASS; CDC. (Figure courtesy of Nancy Swanson).

Lactobacilli aids the breakdown of wheat into less allergenic forms. Ongoing research aims to produce glutencontaining sourdough breads fermented by Lactobacilli
that can then serve as probiotics to help ameliorate the
symptoms of celiac disease and allow celiac patients
to consume wheat (Gobbetti et al., 2007). Probiotic
Lactobacilli produce the enzyme phytase which breaks
down phytates that would otherwise deplete important
minerals and other cations through chelation (Famularo
et al., 2005). Their activities would therefore improve
absorption of these micronutrients, a known problem in
celiac patients (Cavallaro et al., 2004). Glyphosate itself
also chelates rare minerals, a subject we will address in
the section on nutritional deficiencies.
Probiotic treatment with Bifidobacteria has been
shown to alleviate symptoms associated with celiac
disease (Smecuol et al., 2013; Whorwell et al., 2006).
Bifidobacteria suppress the pro-inflammatory milieu
triggered by the microbiota of celiac patients (Medina et
al., 2008). Live cultures of Bifidobacterium lactis would
promote healing of the gut if offered as treatment in
conjunction with the gluten-free diet, or might even allow
the celiac patient to consume modest amounts of gluten
without damaging effects (Lindfors et al., 2008). In this
in vitro study, it was demonstrated that B. lactis reduced
epithelial permeability and improved the integrity of the
tight junctions in human colon cells.
In summary, celiac disease is associated with a
reduced presence in the gut of commensal bacteria such
as Lactobacilli and Bifidobacteria, which are known to

be preferentially killed by glyphosate, and with an overabundance of C. difficile, which is known to be promoted
by glyphosate exposure. Bifidobacteria and Lactobacilli
are both capable of modifying gluten in such a way as to
make it less allergenic, a feature that is being exploited
in recent efforts to develop gluten-containing foods that
may be safe for consumption by celiac patients. Probiotics
containing live forms of these bacteria are also being
actively marketed today.

3 CYP Enzyme impairment
and sulfate depletion
As mentioned previously, glyphosate has been shown
to suppress CYP enzymes in plants (Lamb et al., 1998)
and animals (Hietanen et al., 1983). A study on rats demonstrated that glyphosate decreased the levels of CYP
enzymes and monooxygenase activities in the liver and
the intestinal activity of aryl hydrocarbon hydroxylase
(Hietanen et al., 1983).
CYP enzymes are essential for detoxification of many
compounds in the liver (Lindros, 1997). Intraperitoneal
exposure of rats to Roundup in acute doses over a short
time interval induced irreversible damage to hepatocytes
and elevated urinary markers of kidney disease. This was
associated with lipid peroxidation and elevated levels of
the inflammatory cytokine tumor necrosis factor (TNF-α)
(El-Shenawy, 2009). CYP3A is constitutively expressed
in human intestinal villi and plays an important role in
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drug metabolism (Cupp & Tracy, 1998). Celiac disease is
associated with a decrease in the intestinal CYP3A (Lang
et al., 1996). This defect is restored by a gluten free diet.
Impaired gallbladder bile acid production (Colombato
et al., 1977) and biliary cirrhosis, an inflammatory liver
disease characterized by obstruction of the bile duct
(Dickey et al., 1997), have been shown to co-occur with
celiac disease. CYP enzymes are crucial in the production of bile acids (Lorbek et al., 2012). An obligatory CYP
enzyme in bile acid synthesis, CYP27A, has been identified as being identical to the mitochondrial vitamin D3
activating enzyme (Wikvall, 2001). In (Kemppainen et al.,
1999), 64% of men and 71% of women with celiac disease
were found to be vitamin D3 deficient, manifested as
low spinal bone mineral density. Celiac disease is associated with impaired gall bladder function and decreased
pancreatic secretions (Brown et al., 1987; Benini et al.,
2012) along with recurrent pancreatitis (Patel et al., 1999).
Abnormalities in bile acid secretion have been found in
children suffering from celiac disease (Ejderhamn et al.,
1992). Celiac patients exhibit abnormally low synthesis
of cholecystokinin (Deprez et al., 2002), but it has also
become apparent that the gall bladder is less responsive to
stimulation of contraction by cholecystokinin (Brown et
al., 1987). A reversible defect of gallbladder emptying and
cholecystokinin release has been identified in association
with celiac disease (Maton et al., 1985). These pathologies
may be related to impaired CYP enzyme activity induced
by glyphosate.
While it is clear that CYP enzymes play an important
role in bile acid synthesis and in cholesterol homeostasis,
the details have not yet been worked out (Lorbek et al.,
2012). However, some mouse knockout experiments produce embryonically lethal effects, pointing to the importance of these enzymes to biological systems. Disruption
of Cyp7A1, involved in bile acid synthesis in mice, induces
elevated serum cholesterol and early death.
A link has been established between celiac disease and
non-alcoholic fatty liver, which is likely due to the liver’s
inability to export cholesterol sulfate through the bile
acids due to impaired CYP enzymes (Lorbek et al., 2012).
This requires a private store of fats to house the excess
cholesterol that cannot be exported in bile. This would
also likely lead to insufficient sulfate supplies to the small
intestine, and could result in impaired heparan sulfate
synthesis in the glycosaminoglycans and subsequent
pathologies. Heparan sulfate populating the glycosaminoglycans (GAGs) surrounding enterocytes is essential for
the proper functioning of the small intestines. Leakage
of both albumin and water in both the vasculature and
tissues results when the negative charge is reduced due
to insufficient sulfation of the polysaccharide units
(Sunergren et al., 1987). Vascular leakage may be a consequence of degradation of sulfated GAGs due to inflammatory agents (Klein et al., 1992). A similar problem may
occur in the kidneys leading to albumin loss into urine
during nephrosis (Vernier et al., 1983). Intestinal protein
loss in inflammatory enteropathy associated with celiac
disease may also be due to a deficiency in the sulfated

GAGs (Murch et al., 1993; Murch, 1995). A case study
of three infants with congenital absence of enterocyte
heparan sulfate demonstrated profound enteric protein
loss with secretory diarrhoea and absorption failure, even
though their intestines were not inflamed (Murch et al.,
1996).
In (Samsel and Seneff, 2013), a hypothesis was developed that glyphosate disrupts the transport of sulfate from
the gut to the liver and pancreas, due to its competition
as a similarly kosmotropic solute that also increases blood
viscosity. (Kosmotropes are ions that induce “structure
ordering” and “salting out” of suspended particles in colloids). Insufficient sulfate supply to the liver is a simple
explanation for reduced bile acid production. The problem
is compounded by impaired CYP enzymatic action and
impaired cycling of bile acids through defective enterocytes in the upper small intestine. The catastrophic effect
of loss of bile acids to the feces due to impaired reuptake
compels the liver to adopt a conservative approach of
significantly reduced bile acid synthesis, which, in turn,
leads to gall bladder disease.
The protein, Nuclear factor κ-lightchain-enhancer of
activated B cells (NF-κB) controls DNA transcription of
hundreds of genes and is a key regulator of the immune
response to infection (Tieri et al., 2012). Light chains
are polypeptide subunits of immunoglobulins. NF-κB
responds to stimulation from bacterial and viral antigens, inflammatory cytokines like TNF-α, free radicals,
oxidized LDL, DNA damage and UV light. The incidence
of acute pancreatitis has been increasing in recent years
(Bhatia, 2012), and it often follows billiary disease. A local
inflammatory reaction at the site of injury coincides with
an increase in the synthesis of hydrogen sulfide (H2S)
gas. H2S regulates the inflammatory response by exciting
the extracellular signal regulated (ERK) pathway, leading
to production of NF-κB (Bhatia, 2012). We hypothesize
that H 2S, while toxic, is a source of both energy and
sulfate for the pancreas, derived from sulfur-containing
amino acids such as cysteine and homocysteine.
Dehydroepiandrosterone (DHEA) sulfate, but not DHEA,
inhibits NF-κB synthesis, suggesting that sulfate deficiency is a driver of inflammation (Iwasaki et al., 2004).
While H2S is well known as a toxic gas through its
inhibition of aerobic respiration, a recent paradigm shift
in the research surrounding H 2S has been inspired by the
realization that it is an important signaling gas in the vasculature, on par with nitric oxide (Li et al., 2011). H2S can
serve as an inorganic source of energy to mammalian cells
(Módis et al., 2013). 3-mercaptopyruvate sulfurtransferae
(3MST) is expressed in the vascular endothelium, and it
produces H2S from mercaptopyruvate, an intermediary in
the breakdown of cysteine (Kimura, 2011). Endogenously
produced H2S derived from 3-mercaptopyruvate stimulates additional mitochondrial H 2S production, which
then is oxidized to thiosulfate via at least three different
pathways (Ingenbleek and Kimura, 2013; Hildebrandt and
Grieshaber, 2008; Goubern et al., 2007), producing ATP.
The inflammatory agent superoxide can act as substrate
for the oxidation of H2S to sulfite and subsequently sulfate
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and the activated form, PAPS (Seneff et al., 2012), but will
likely induce oxidative damage in the pancreas, particularly, as we will see in section 7, if molybdenum deficiency
impairs sulfite-to-sulfate synthesis.
Pancreatic beta cells express extraordinarily high
levels of heparan sulfate, which is essential for their survival (Ziolkowski et al., 2012), since it protects them from
ROS-induced cell death. Because sulfate transport via the
hepatic portal vein is likely disrupted by glyphosate, H2S,
whether derived from sulfur-containing amino acids or
supplied via diffusion following its production by sulfurreducing bacteria in the gut, can become an important
source of sulfur for subsequent sulfate production locally
in the pancreatic cells. Pancreatic elastase is a serine protease that is needed to assist in protein degradation, but an
overabundance can lead to autolysis of tissues (Ito et al.,
1998). Cholesterol sulfate inhibits pancreatic elastase (Ito
et al., 1998), so a deficiency in cholesterol sulfate supply
due to impaired sulfate supply to the liver and impaired
CYP function should increase the risk of tissue digestion
by pancreatic enzymes, contributing to the loss of villi in
the upper small intestine observed in celiac disease.
In the early 1990’s a newly recognized disease began
to appear, characterized by eosinophil infiltration into
the esophagus, which manifested as dysphagia in adults
and refractory reflux symptoms in children (Lucendo
& Sánchez-Cazalilla, 2012). This disease, termed
eosinophilic esophagitis (EOE), is associated with a Th2
immune profile and synthesis of the cytokine IL-13,
which has direct cytotoxic effects on epithelial cells. A
dose-dependent induction of eosinophilia by intratracheal delivery of IL-13 confirms its association with
EOE (Mishra and Rothenberg, 2003). An association has
been found between EOE and celiac disease (Leslie et al.,
2010). Patients with refractory celiac disease that is not
corrected by dietary gluten restriction show an increased
production of IL-13 in the gut (Gross et al., 2013). The
incidence of EOE has increased at alarming rates in
Western countries in the last three decades (Furuta et al.,
2007; Liacouras et al., 2011; Prasad et al., 2009).
Glyphosate is highly corrosive to the esophageal
epidermal lining, with upper GI tract injury observed in
94% of patients following glyphosate ingestion (Chang
et al., 1999). In (Zouaoui et al., 2013), the most common symptoms in an acute response from glyphosate
poisoning were oropharyngeal ulceration, nausea and
vomiting. We hypothesize that glyphosate induces EOE
via a systemic response as well as through direct contact.
The pathogenesis of EOE is related to food sensitivities,
but airborne exposure to chemicals in the lungs can also
induce it, so it does not require physical contact to the
allergen (Blanchard & Rothenberg, 2008). It is conceivable
that glyphosate is responsible for the emergence of EOE.
The cytochrome P450 reductase (CPR) and cytochrome P450 (CP) enzyme system is essential for inducing nitric oxide release from organic nitrates (Li, 2006).
The nitrate moiety is reduced while simultaneously
oxidizing NADPH to NADP+. This system is invoked in
organic nitrate drug treatment for cardiovascular therapy.

The reaction depends on anaerobic, acidic conditions,
a feature of venous rather than arterial blood. Since
L-arginine is substrate for NO synthesis by endothelial
nitric oxide synthase (eNOS) under oxidative conditions
(Förstermann and Münze, 2006), it is likely that CPR and
CP play an important role mainly in stimulating venous
smooth muscle relaxation. Impaired venous relaxation
would likely contribute to venous thrombosis, which is a
well-established complication of celiac disease (Zenjari et
al., 1995; Marteau et al., 1994, Grigg, 1999, Halfdanarson
et al., 2007).
In summary, celiac disease is associated with multiple
pathologies in the digestive system, including impaired
gall bladder function, fatty liver, pancreatitis, and EOE.
We have argued here that many of these problems can
be traced to impaired CYP function in the liver due to
glyphosate exposure, leading to insufficient flow of bile
acids through the circular pathway between the liver and
the gut. This results in a system-wide depletion in sulfate,
which induces inflammation in multiple organs to produce sulfate locally. A potential sulfur source for sulfate
synthesis could be hydrogen sulfide gas, provided in part
by the local breakdown of sulfur-containing amino acids
like cysteine and homocysteine and in part by diffusion of
the gas produced from inorganic dietary sources by sulfur-reducing bacteria in the large intestine. Impaired CYP
enzyme function may also contribute to venous thrombosis, for which celiac disease is an established risk factor.

4 Retinoic acid, celiac disease
and reproductive issues
In this section, we first establish that excess retinoic
acid (RA) is a risk factor for celiac disease. We then show
that excess RA leads to complications in pregnancy and
teratogenic effects in offspring. Glyphosate has been
shown to exhibit teratogenic effects in line with known
consequences of excess RA exposure to the embryo, and
we propose that the mechanism for this effect may be
glyphosate’s known disruption of CYP enzymes (Samsel
& Seneff, 2013), which are involved in RA catabolism.
This then links glyphosate to increased risk to celiac
disease via its direct effects on RA. And it identifies a possibly important factor in the association of celiac disease
with reproductive issues. We also discuss other adverse
effects of excess retinoic acid and a possible relationship
to impaired sulfate supply to the gut.
In celiac disease, T cells develop antibody responses
against dietary gluten, a protein present in wheat (Jabri
& Sollid, 2009). RA, a metabolite of vitamin A, has been
shown to play a critical role in the induction of intestinal regulatory responses (Mora et al., 2008; Coombes
et al., 2007; Mucida et al., 2007). The peptide in gluten,
A-gliadin p31-43, induces interleukin 15 (IL-15), a key
cytokine promoting T-cell activation (Hershko & Patz,
2008). RA synergizes with high levels of IL-15 to promote
JNK phosphorylation (Nanda, 2011; DePaolo et al., 2011),
which potentiates cellular apoptosis (Putcha et al., 2003).
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IL-15 is a causative factor driving the differentiation of
precursor cells into anti-gluten CD4+ and CD8+ Th1
cells in the intestinal mucosa. Furthermore, in (DePaolo
et al., 2011), it was discovered that RA exhibits an unanticipated co-adjuvant property to induce Th1 immunity
to antigens during infection of the intestinal mucosa with
pathogens. Retinoic acid has also been shown to directly
suppress transglutaminase activity, another way in which
it would negatively impact celiac disease (Thacher et al.,
1985). Thus, it is becoming clear that excess exposure to
RA would increase risk to celiac disease, and warnings
have been issued regarding potential adverse effects of RA
supplements on celiac disease.
It is well established that high RA levels leads to teratogenic effects both in human and experimental models.
Brain abnormalities such as microcephaly, impairment of
hindbrain development, mandibular and midfacial underdevelopment, and cleft palate are all implicated (Sulik
et al., 1988; Clotman et al., 1998). Women with celiac
disease are known to have higher rates of infertility, miscarriages, and birth defects in their offspring (Freeman,
2010; Martinelli et al., 2000; Dickey et al., 1996; Collin et
al., 1996). Excess RA could be a significant factor in these
complications.
A possible mechanism by which glyphosate might
induce excess RA is via its interference with the CYP
enzymes that metabolize RA. There are at least three
known CYPs (CYP26A1, CYP26B1 and CYP26C1) that
catabolize RA, and they are active in both the embryo and
the adult (Taimi et al., 2004). A 1/5000 dilution of glyphosate was sufficient to induce reproducible malformations
characteristic of RA exposure in frog embryos (Paganelli
et al., 2010). Pathologies included shortening of the trunk,
reduction in the size of the head, abnormally small eyes or
the presence of only one eye (cyclopia), and other craniofacial malformations in the tadpole. Glyphosate’s toxicity
to tadpoles has been well demonstrated, as it killed nearly
100% of larval amphibians exposed in experimental outdoor pond mesocosms (Relyea, 2005).
According to official records, there has been a recent
4-fold increase in developmental malformations in the
province of Chaco, Argentina, where glyphosate is used
massively on GMO monocrops of soybeans (Carrasco,
2013). In Paraguay, 52 cases of malformations were
reported in the offspring of women exposed during pregnancy to agrochemicals, including anencephaly, microcephaly, facial defects, cleft palate, ear malformations,
polydactily, and syndactily (Benítez-Leite et al., 2009). In
in vitro studies on human cell lines, DNA strand breaks,
plasma membrane damage and apoptosis were observed
following exposure to glyphosate-based herbicides
(Gasnier et al., 2009). Another factor in teratogenetic
effects of glyphosate may be the suppression of the activity of androgen-to-estrogen conversion by aromatase, a
CYP enzyme (Gasnier et al., 2009).
Ingested vitamin A, a fat-soluble vitamin, is delivered
to the blood via the lymph system in chylomicrons, and
excess vitamin A is taken up by the liver as retinoic acid
for catabolism by CYP enzymes (Russell, 2000). Any

remaining retinoic acid that is not catabolized is exported
inside LDL particles, and it lingers much longer as retinyl
esters in the vasculature in this form (Krasinski et al.,
1990). Excess retinoic acid is more readily stored in this
way in LDL particles in the elderly. Vitamin A toxicity can
lead to fatty liver and liver fibrosis (Russell, 2000) as well
as hypertriglyceridemia (Ellis et al., 1986). Vitamin A has
a negative effect on cholesterol sulfate synthesis (Jetten et
al., 1989), which might negatively impact the liver’s ability
to maintain adequate supplies of cholesterol sulfate for
the bile acids, and therefore also interfere with the supply
of cholesterol sulfate to the gastrointestinal tract.
In summary, glyphosate’s disruption of the CYP
enzymes responsible for RA catabolism could lead to
an excess bioavailability of RA that could contribute
adversely to celiac disease, as well as damaging the liver
and leading to teratogenic effects in offspring of exposed
individuals.
In addition to higher risk to birth defects, individuals with celiac disease have increased risk to infertility
(Meloni et al., 1999; Farthing et al., 1982). Increased
incidence of hypogonadism, infertility and impotence
was observed in a study of 28 males with celiac disease
(Farthing et al., 1982). Marked abnormalities of sperm
morphology and motility were noted, and endocrine
dysfunction was suggested as a probable cause. In studies conducted on Sertoli cells in prepubertal rat testis,
exposure to Roundup induced oxidative stress leading to
cell death (de Liz Oliveira Cavalli et al., 2013). Roundup
induced the opening of L-type voltage dependent calcium
channels as well as ryanodine receptors, initiating ER
stress and leading to calcium overload and subsequent
necrosis. Glutathione was depleted due to upregulation
of several glutathione-metabolizing enzymes. This suggests that Roundup would interfere with spermatogenesis,
which would impair male fertility.

5 Cobalamin deficiency
Untreated celiac disease patients often have elevated
levels of homocysteine, associated with folate and/or
cobalamin deficiency (Saibeni et al., 2005; Dickey et al.,
2008). Species of Lactobacillus and Bifidobacterium have
the capability to biosynthesize folate (Rossi et al., 2011), so
their disruption by glyphosate could contribute to folate
deficiency. Malabsorption in the proximal small intestine
could also lead to iron and folate deficiencies. Cobalamin
was originally thought to be relatively spared in celiac disease because its absorption is mostly through the terminal
ileum, which is unaffected by celiac disease. However, a
recent study found that cobalamin deficiency is prevalent
in celiac patients. 41% of the patients studied were found
to be deficient in cobalamin (<220 ng/L), and 31% of these
cobalamin-deficient patients also had folate deficiency
(Dahele & Ghosh, 2001). Either cobalamin or folate deficiency leads directly to impaired methionine synthesis
from homocysteine, because these two vitamins are
both required for the reaction to take place. This induces
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hyperhomocysteinemia (Refsum et al., 2001), an established risk factor in association with celiac disease (Hadithi
et al., 2009). Long-term cobalamin deficiency also leads to
neurodegenerative diseases (Herrmann & Obeid, 2012).
Because a deficiency in cobalamin can generate a large
pool of methyl-tetrahydrofolate that is unable to undergo
reactions, cobalamin deficiency will often mimic folate
deficiency. Cobalamin requires cobalt, centered within
its corrin ring, to function. We depend upon our gut bacteria to produce cobalamin, and impaired cobalt supply
would obviously lead to reduced synthesis of this critical
molecule. Glyphosate is known to chelate +2 cations such
as cobalt. Glyphosate complexes with cobalt as a dimer
[Co(glyphosate)2]3 in fifteen different stereoisomeric
configurations, and it is facile at switching among the
different stereoisomers, an unusual kinetic property
compared to most Co(III) systems (Cusiel, 2005).
In fact, studies have revealed that glyphosate inhibits
other cytosolic enzymes besides EPSP synthase in plants
and microbes that also activate steps in the shikimate
pathway (Ganson and Jensen, 1988; Bode et al., 1984).
Glyphosate potently inhibits three enzymes in the shikimate pathway in yeast (Bode et al., 1984). It has been
confirmed that these other enzymes depend upon cobalt
as a catalyst, and glyphosate inhibition works through
competitive cobalt binding and interference with cobalt
supply (Ganson and Jensen, 1988). It has also been proposed that chelation by glyphosate of both cobalt and
magnesium contributes to impaired synthesis of aromatic
amino acids in Escherichia coli bacteria (Hoagland and
Duke, 1982). Thus, it is plausible that glyphosate similarly
impairs cobalamin function in humans by chelating cobalt.

6 Anemia and iron
Anemia is one of the most common manifestations of
celiac disease outside of the intestinal malabsorption
issues (Halfdanarson et al., 2007; Bottaro et al., 1999), and
is present in up to half of diagnosed celiac patients. Celiac
patients often have both cobalamin and folate deficiency,
which can cause anemia, but iron deficiency may be the
most important factor (Hershko & Patz, 2008). Celiac
patients often don’t respond well to iron treatment.
Glyphosate’s chelating action can have profound
effects on iron in plants (Eker et al., 2006; Bellaloui et al.,
2009). Glyphosate interferes with iron assimilation in both
glyphosate-resistant and glyphosate-sensitive soybean
crops (Bellaloui et al., 2009). It is therefore conceivable
that glyphosate’s chelation of iron is responsible for the
refractory iron deficiency present in celiac disease.
Erythropoietin (EPO), also called hematopoietin, is a
cytokine produced by interstitial fibroblasts in the kidney
that regulates red blood cell production. Low EPO levels,
leading to a low turnover rate of red blood cells, is a feature
of celiac disease (Bergamaschi et al., 2008; Hershko & Patz,
2008). This can lead to megaloblastic anemia, where red
blood cells are large (macrocytic) and reduced in number
due to impaired DNA synthesis. A recent hematological

study on mice exposed to Roundup at subacute levels for
just 15 days revealed an anemic syndrome in both male
and female mice, with a significant reduction in the number of erythrocytes and in hemoglobin, reduced hematocrit and increased mean corpuscular volume, indicative of
macrocytic anemia (Jasper et al., 2012).

7 Molybdenum deficiency
Molybdenum deficiency is rarely considered in diagnoses,
as it is only needed in trace amounts. However, molybdenum is essential for at least two very important enzymes:
sulfite oxidase and xanthine oxidase. Sulfite oxidase
converts sulfite, a highly reactive anion, to sulfate, which
is much more stable. Sulfite is often present in foods such
as wine and dried fruits as a preservative. Sulfate plays an
essential role in the sulfated proteoglycans that populate
the extracellular matrices of nearly all cell types (Turnbull
et al., 2001; Murch et al., 1993; Murch, 1995). So, impaired
sulfite oxidase activity leads to both oxidative damage
and impaired sulfate supplies to the tissues, such as the
enterocytes in the small intestine. The excess presence
of sulfur-reducing bacteria such as Desulfovibrio in the
gut in association with celiac disease (Collado et al., 2007;
Nadal et al., 2007) could be protective, because these
bacteria can reduce dietary sulfite to hydrogen sulfide,
a highly diffusable gas that can migrate through tissues
to provide a source of sulfur for sulfate regeneration at
a distant site, as previously discussed. These distal sites
could reoxidize the H 2S through an alternative pathway
that does not require molybdenum for sulfur oxidation
(Ingenbleek and Kimura, 2013).
Xanthine oxidase (XO) produces uric acid from
xanthine and hypoxanthine, which are derived from
purines. It is activated by iron, which, as we have seen,
is often intractably deficient in association with celiac
disease. Impaired XO activity would be expected to drive
purines towards other degradation pathways. Adenosine
deaminase (ADA), a cytoplasmic enzyme that is involved
in the catabolism of purine bases, is elevated in celiac
disease, and is therefore a useful diagnostic marker (Cakal
et al., 2010). In fact, elevation of ADA is correlated with
an increase in several inflammatory conditions. Impaired
purine synthesis is expected in the context of cobalamin
deficiency as well, because methyl melonlyl CoA mutase
depends on catalytic action by cobalamin (Allen et al.,
1993). Decreased purine synthesis results in impaired
DNA synthesis, which then leads to megaloblastic anemia (Boss, 1985), due to slowed renewal of RBC’s from
multipotent progenitors, a problem that is compounded
by suppressed EPO activity (Bergamaschi et al., 2008), a
feature of celiac disease.
A remarkable recent case of a three-month old infant
suffering from molybdenum deficiency links several
aspects of glyphosate toxicity together, although glyphosate exposure was not considered as a possible cause in
this case (Boles et al., 1993). This child presented with
microcephaly, developmental delay, severe irritability,
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and lactic acidosis. Lactic acidosis is a striking feature
of intentional glyphosate poisoning induced by drinking
Roundup (Zouaoui et al., 2013; Beswick & Millo, 2011),
and it suggests impaired oxidative respiration, as is seen
in E. coli exposed to glyphosate (Lu et al., 2013). In vitro
studies of glyphosate in the formulation Roundup have
demonstrated an ability to disrupt oxidative respiration by inducing mitochondrial swelling and inhibiting
mitochondrial complexes II and III (Peixoto, 2005). This
would explain a massive build-up of lactic acid following ingestion of Roundup, due to a switch to anaerobic
metabolism. Glyphosate has also been shown to uncouple
mitochondrial phosphorylation in plants (Haderly et al.,
1977; Ali & Fletcher, 1977).
As has been stated previously, microcephaly is a feature
of excess RA, which could be induced by glyphosate due to
its inhibitory action on CYP enzymes. In the case study on
molybdenum deficiency (Boles et al., 1993), urinary sulfite
levels were high, indicative of defective sulfite oxidase
activity. Serum hypouricemia was also present, indicative
of impaired XO activity. So, the induction of excess RA,
depletion of molybdenum, and lactic acidosis by glyphosate provide a plausible environmental factor in this case.
One final aspect of molybdenum deficiency involves
nitrate metabolism. As a source of nitric oxide, inorganic
nitrite regulates tissue responses to ischemia. While
nitrate reductase activity has been known to be a capability of microbes for many years, it has only recently been
realized that mammals also possess a functioning nitrate
reductase capability, utilizing a molybdenum-dependent
enzyme to produce nitrite from nitrate (Jansson et al.,
2008). Molybdenum deficiency would impair this capability, likely contributing to the higher risk to venous
thrombosis observed in celiac disease (Zenjari et al., 1995;
Marteau et al., 1994, Grigg, 1999). This could also explain
the excess nitrates in the urine observed in association
with celiac disease (Högberg et al., 2011).

8 Selenium and thyroid disorders
Autoimmune thyroid disease is associated with celiac
disease (Collin et al., 2002; Valentino et al., 2002).
In (Valentino et al., 2002), up to 43% of patients with
Hashimoto’s thyroiditis showed signs of mucosal T-cell
activation typical of celiac disease. Selenium, whose
deficiency is associated with celiac disease (Hinks et al.,
1984), plays a significant role in thyroid hormone synthesis, secretion and metabolism, and selenium deficiency
is therefore a significant factor in thyroid diseases (Sher,
2000; Chanoine et al., 2001; Khrle, 2013).
Selenium is required for the biosynthesis of the
“twenty first amino acid,” selenocysteine. Twenty five
specific selenoproteins are derived from this amino acid.
Selenium deficiency can lead to an impairment in immune
function and spermatogenesis in addition to thyroid function (Papp et al., 2007). One very important selenoprotein
is glutathione peroxidase, which protects cell membranes
and cellular components against oxidative damage by

both hydrogen peroxide and peroxynitrite (ONOO –)
(Prabhakar et al., 2006).
Wheat can be a good source of selenoproteins.
However, the content of selenium in wheat can range
from sufficient to very low, depending upon soil physical
conditions. Soil compaction, which results from modern
practices of “no till” agriculture (Huggins & Reganold,
2008), can lead to both reduced selenium content and a
significant increase in arsenic content in the wheat (Zhao
et al., 2007). Since glyphosate has been shown to deplete
sulfur in plants (Saes Zobiole et al., 2010), and selenium
is in the same column of the periodic table as sulfur, it
is likely that glyphosate also disrupts selenium uptake in
plants. A gluten-free diet will guarantee, however, that
no selenium is available from wheat, inducing further
depletion of selenoproteins, and therefore increasing the
risk to immune system, thyroid and infertility problems in
treated celiac patients.
The gut bacterium Lactobacillus, which is negatively
impacted by glyphosate (Shehata et al., 2013) and depleted
in association with celiac disease (Di Cagno et al., 2011),
is able to fix inorganic selenium into more bioavailable
organic forms like selenocysteine and selenomethionine
(Pessione, 2012). Selenocysteine is present in the catalytic
center of enzymes that protect the thyroid from free
radical damage (Triggiani et al., 2009). Free radical
damage would lead to apoptosis and an autoimmune
response (Tsatsoulis, 2002). Glyphosate’s disruption of
these bacteria would lead to a depletion in the supply of
selenomethionine and selenocysteine. Methionine depletion by glyphosate (Nafziger et al., 1984) would further
compound this problem.
Thus, there are a variety of ways in which glyphosate
would be expected to interfere with the supply of selenoproteins to the body, including its effects on Lactobacillus,
its depletion of methionine, the no-till farming methods
that are possible because weeds are killed chemically,
and the likely interference with plant uptake of inorganic
selenium. This aligns well with the observed higher risk of
thyroid problems in association with celiac disease, in addition to infertility problems and immune issues, which are
discussed elsewhere in this paper. Further support for an
association between glyphosate and thyroid disease comes
from plots over time of the usage of glyphosate in the U.S.
on corn and soy time-aligned with plots of the incidence
rate of thyroid cancer in the U.S., as shown in Figure 3.

9 Indole and kidney disease
The prevalence of kidney disease and resulting dialysis is
increasing worldwide, and kidney disease is often associated with increased levels of celiac disease autoantibodies.
Kidney disease and thyroid dysfunction are intimately
connected (Iglesias & Díez, 2009). A population-based
study in Sweden involving nearly 30,000 people with
diagnosed celiac disease determined that there was nearly
a three-fold increased risk for kidney failure in this population group (Welander et al., 2012).
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Figure 3. Thyroid cancer incidence rate plotted against glyphosate applied to U.S. corn & soy crops (R=0.988, p≤7.612e-09) along with %GE
corn & soy crops (R=0.9377, p≤2.152e-05). Sources: USDA:NASS; SEER. (Figure courtesy of Nancy Swanson).

Inflammation plays a crucial role in kidney disease
progression (Tonelli et al., 2005; Bash et al., 2009;
Rodriguez-Iturbe et al., 2010). Chronic kidney disease
develops as a consequence of assaults on the kidney from
inflammatory agents, brought on by the induction of proinflammatory cytokines and chemokines in the kidney.
The toxic phenol p-Cresol sulfate, as well as indoxyl
sulfate, a molecule that is chemically similar to p-Cresol,
have been shown to induce activation of many of these
cytokines and chemokines (Sun et al., 2012). p-Cresol
and indoxyl sulfate both decrease endothelial proliferation and interfere with wound repair (Dou et al., 2004).
p-Cresol is produced by the pathogenic bacterium C.
difficile, and indoxyl sulfate, derived from indole through
sulfation in the liver (Banoglu & King, 2002), accumulates
at high levels in association with chronic kidney disease
(Niwa, 2010).
The aromatic amino acid tryptophan contains an
indole ring, and therefore disruption of tryptophan
synthesis might be expected to generate indole as a byproduct. Indeed, glyphosate has been shown to induce a
significant increase in the production of indole-3-acetic
acid in yellow nutsedge plants (Caal et al., 1987). Indole
is produced by coliform microorganisms such as E. coli
under anaerobic conditions. Glyphosate induces a switch
in E. coli from aerobic to anaerobic metabolism due to
impaired mitochondrial ATP synthesis (Lu et al., 2013;
Samsel & Seneff, 2013), which would likely result in excess
production of indole. Besides, E. coli, many other pathogenic bacteria can produce indole, including Bacillus,
Shigella, Enterococcus, and V. cholerae (Lee & Lee, 2010).
At least 85 different species of both Gram-positive and

Gram-negative bacteria produce indole, and its breakdown
by certain bacterial species depends on CYP enyzmes (Lee
& Lee, 2010). Feeding indole to rats deprived of sulfur
metabolites leads to macrocytic anemia (Roe, 1971).
Indole is an important biological signaling molecule
among microbes (Lee & Lee, 2010). Indole acetic acid
inhibits the growth of cobalamin-dependent microorganisms, which then causes macrocytic (pernicious) anemia
in the host due to cobalamin deficiency (Drexler, 1958).
Experiments on exposure of mouse fetuses to indole3-acetic acid have shown that it dramatically induces
microcephaly in developing fetuses exposed at critical
times in development (Furukawa et al., 2007). A case
study found celiac disease associated with microcephaly
and developmental delay in a 15-month-old girl (Bostwick
et al., 2001; Lapunzina, 2002). A gluten-free diet restored
head growth. The authors suggested that poor head
growth might precede other manifestations of celiac
disease in infants. A study on plants demonstrated a
concentration gradient of indole-3-acetic acid in the plant
embryo, similar to the gradient in retinoic acid that controls fetal development in mammals (Uggla et al., 1996).
This alternative may be another way in which glyphosate
would promote microcephaly.
Thus, solely through its effect on indole production
and indole catabolism in gut bacteria, chronic glyphosate
exposure would be expected to lead to cobalamin deficiency, pernicious anemia, microcephaly in a fetus during
pregnancy, and kidney failure. p-Cresol supply by overgrown pathogens like C. difficile would likely contribute
in a similar way as indole, due to its similar biochemical
and biophysical properties.
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10 Nutritional deficiencies
The damaged villi associated with celiac disease are
impaired in their ability to absorb a number of important
nutrients, including vitamins B6, B12 (cobalamin) and
folate, as well as iron, calcium and vitamins D and K
(Hallert et al., 2002). Thus, long-term celiac disease leads
to major deficiencies in these micronutrients. Cobalamin
deficiency has been well addressed previously. We have
also already mentioned the chelation of trace minerals by
phytates and by glyphosate. However, other factors may
be at play as well, as discussed here.
Glyphosate disrupts the synthesis of tryptophan and
tyrosine in plants and in gut bacteria, due to its interference with the shikimate pathway (Lu et al., 2013; María
et al., 1996), which is its main source of toxicity to plants.
Glyphosate also depletes methionine in plants and
microbes. A study on serum tryptophan levels in children
with celiac disease revealed that untreated children had
significantly lower ratios of tryptophan to large neutral
amino acids in the blood, and treated children also had
lower levels, but the imbalance was less severe (Hernanz
& Polanco, 1991). The authors suggested a metabolic
disturbance in tryptophan synthesis rather than impaired
absorption, as other similar amino acids were not deficient in the serum. It was proposed that this could lead to
decreased synthesis of the monoamine neurotransmitter,
serotonin, in the brain associated with behavior disorders in children with celiac disease, such as depression
(Koyama & Melzter, 1986). Deficiencies in tyrosine and
methionine were also noted (Hernanz & Polanco, 1991).
“Functional dyspepsia” is an increasing and mainly intractable problem in the Western world, which is estimated
to affect 15% of the U.S. population (Saad & Chey, 2006).
Dyspepsia, a clinical symptom of celiac disease, is likely
mediated by excess serotonin synthesis following ingested
tryptophan-containing foods (Manocha et al., 2012).
Serotonin (5-hydroxytryptamine or 5-HT) is produced
by enterochromaffin (EC) cells in the gut and is an important signaling molecule for the enteric mucosa (Kim et al.,
2001). EC cells are the most numerous neuroendocrine
cell type in the intestinal lumen, and they regulate gut
secretion, motility, pain and nausea by activating primary
afferent pathways in the nervous system (Chin et al.,
2012). Serotonin plays an important role in activating the
immune response and inflammation in the gut, and also
induces nausea and diarrhea when it is overexpressed.
Anaerobic bacteria in the colon convert sugars into shortchain fatty acids, which can stimulate 5-HT release from
EC cells (Fukumoto et al., 2003; Grider & Piland, 2007).
This is likely an important source of fats to the body in
the case of a low-fat diet induced by impaired fatty acid
metabolism due to insufficient bile acids.
The number of 5-HT expressing EC cells in the small
intestine is increased in association with celiac disease,
along with crypt hyperplasia (Wheeler & Challacombe,
1984; Challacombe et al., 1977), and, as a consequence, serotonin uptake from dietary sources of tryptophan is greatly
increased in celiac patients (Erspamer, 1986). Postprandial

dyspepsia is associated in celiac disease with increased
release of 5-HT, and this may account for the digestive
symptoms experienced by celiac patients (Coleman et
al., 2006). An explanation for these observations is that a
chronic tryptophan insufficiency due to the impaired ability of gut bacteria to produce tryptophan induces aggressive uptake whenever dietary tryptophan is available.
Glyphosate forms strong complexes with transition
metals, through its carboxylic, phosphonic, and amino
moieties, each of which can coordinate to metal ions,
and it can also therefore form complexes involving two
or three atoms of the targeted transition metal (Madsen
et al., 1978; Motekaitis & Martell, 1985; Undabeytia et al.,
2002). This means that it is a metal chelator par excellence. One can expect, therefore, deficiencies in multiple
transition (trace) metals, such as iron, copper, cobalt,
molybdenum, zinc and magnesium in the presence of
glyphosate. Glyphosate has been shown to reduce levels of
iron, magnesium, manganese and calcium in non-GMO
soybean plants (Cakmak et al., 2009). We have already
discussed iron, selenium, cobalt and molybdenum deficiencies in association with celiac disease.
Zinc deficiency seems to be a factor in celiac disease,
as a recent study of 30 children with celiac disease demonstrated a significantly reduced serum level of zinc (0.64
vs 0.94 μg/mL in controls) (Singhal et al., 2008). Copper
deficiency is a feature of celiac disease (Halfdanarson
et al., 2009), and copper is one of the transition metals
that glyphosate binds to and chelates (Madsen, 1978;
Undabeytia, 2002). Confirmed magnesium deficiency in
celiac disease has been shown to be due to significant loss
through the feces (Goldman et al., 1962). This would be
expected through binding to phytates and/or glyphosate.
A study of 23 patients with gluten-sensitive enteropathy
to assess magnesium status revealed that only one had
serum magnesium levels below the normal range, whereas
magnesium levels in erythrocytes and lymphocytes was
markedly below normal, and this was associated with
evidence of osteoporosis due to malabsorption (Rude and
Olerich, 1996). Daily treatment with MgCl2 or Mg lactate
led to a significant increase in bone mineral density, and
was correlated with a rise in RBC Mg2+.
A recent study investigated the status of 25(OH)
vitamin D3 in adults and children with celiac disease
(Lerner et al., 2012). It was determined that vitamin D3
deficiency was much more prevalent in the adults than
in the children, suggesting a deterioration in vitamin
D3 serum levels with age. This could be explained by a
chronic accumulation of glyphosate, leading to increasingly impaired vitamin D3 activation in the liver. The liver
converts 1,25(OH) vitamin D3 to the active form, 25(OH)
vitamin D3, using CYP27A (Ponchon et al., 1969; Sakaki
et al., 2005), which might be disrupted by glyphosate
exposure, given its known interference with CYP function in mice (Hietanen et al., 1983). On a broader level,
this might also explain the recent epidemic in the U.S. in
vitamin D3 deficiency (Holick, 2005).
Another issue to consider is whether the food being
consumed by celiac patients is itself depleted in nutrients.
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This is likely the case for the transgenic Roundup-Ready
crops that increasingly supply the processed food industry.
A recent study on the effects of glyphosate on RoundupReady soy revealed a significant effect on growth, as well
as an interference with the uptake of both macronutrients
and micronutrients (Saes Zobiole et al., 2010). Transgenic
soybeans exposed to glyphosate are often affected by a
“yellow flashing” or yellowing of the upper leaves, and
an increased sensitivity to water stress. An inverse linear
relationship was observed between glyphosate dosage
and levels of the macronutrients, sodium, calcium, sulfur, phosphorus, potassium, magnesium, and nitrogen,
as well as the micronutrients, iron, zinc, manganese,
copper, cobalt, molybdenum, and boron. Glyphosate’s
ability to form insoluble metal complexes likely mediates
these depletions (Glass, 1984). Glyphosate also interferes
with photosynthesis, as reflected in several measures of
photosynthesis rate (Saes et al., 2010) and reductions in
chlorophyll (Ali & Fletcher, 1977; Kitchen et al., 1981).
This could be due to depletion of zinc and manganese,
since chloroplasts require these micronutrients to function well (Homann, 1967; Thompson & Weier, 1962).

11 Cancer
Chronic inflammation, such as occurs in celiac disease,
is a major source of oxidative stress, and is estimated to
account for 1/3 of all cancer cases worldwide (Ames et
al., 1993; Coussens & Werb, 2002). Oxidative stress leads
to DNA damage and increased risk to genetic mutation.
Several population-based studies have confirmed that
patients with celiac disease suffer from increased mortality, mainly due to malignancy (Nielsen et al., 1985; Logan
et al., 1989; Pricolo et al., 1998; Cottone et al., 1999; Corrao
et al., 2001; Green et al., 2003). These include increased
risk to non-Hodgkin’s lymphoma, adenocarcinoma of
the small intestine, and squamous cell carcinomas of the
esophagus, mouth, and pharynx, as well as melanoma.
The non-Hodgkin’s lymphoma was not restricted to
gastrointestinal sites, and the increased risk remained
following a gluten-free diet (Green et al., 2003).
Celiac disease is associated with a lifelong risk of
any malignancy between 8.1 and 13.3%, with the risk
for non-Hodgkin’s lymphoma alone being 4.3 to 9.6%
(Matheus-Vliezen et al., 1994; Egan et al., 1995). This risk
is 19-fold higher than the risk in the general population.
Selenium deficiency in association with celiac disease
may be a significant factor in the increased cancer risk.
Selenium deficiency is associated with increased risk to
several cancers, and selenium supplements are beneficial
in reducing the incidence of liver cancer and decreasing
mortality in colorectal, lung and prostate cancer (Nelson
et al., 1999; Björnstedt et al., 2010).
Children with celiac disease, whether or not they are
on a gluten-free diet, exhibit elevated urinary biomarkers
of DNA damage (Zaflarska-Popawska et al., 2010). Human
colon carcinoma cells exposed to peptides extracted from
wheat responded with a sharp increase in the GSSG/GSH

ratio (ratio of oxidized to reduced glutathione), a wellestablished indicator of oxidative stress (Rivabene, 1999).
The authors did not provide information as to whether
the wheat plants were exposed to glyphosate, but they did
suggest that this effect could explain the increased risk
to intestinal cancer associated with celiac. Intriguingly,
studies on pea plants have shown that glyphosate induces a
sharp increase in the GSSG/GSH ratio in plants (Miteva et
al., 2003), which suggests that glyphosate contamination
could explain the results observed in (Rivabene, 1999).
Interestingly, it was noted in 1996 that the incidence
of both non-Hodgkin’s lymphoma and melanoma had
been rising sharply worldwide in recent decades, and so
it was decided to investigate whether there might be a
link between the two cancers associated with sunlight
exposure. Surprisingly, the authors found an inverse
relationship between non-Hodgkin’s lymphoma and UV
exposure. More recently, such UV protection has been
reaffirmed in a review of epidemiologic studies on the
subject (Negri, 2010). This suggests that vitamin D3 is
protective, so vitamin D3 deficiency due to impaired CYP
function in the liver could be contributory to increased
risk in celiac disease.
The incidence of non-Hodgkins lymphoma has
increased rapidly in most Western countries over the
last few decades. Statistics from the American Cancer
Society show an 80% increase since the early 1970’s, when
glyphosate was first introduced on the market.
While there have been only a few studies of lymphoma
and glyphosate, nearly all have indicated a potential
relationship (Vigfusson & Vyse, 1980; Pavkov & Turnier,
1986; Hardell & Eriksson, 1999; McDuffie et al., 2001;
De Roos et al., 2003). A dose-response relationship for
non-Hodgkin’s lymphoma was demonstrated in a crossCanada study of occupational exposure to glyphosate
in men (McDuffie et al., 2001), and a larger study in
the U.S. noted a similar result (De Roos et al., 2003). A
population-based study in Sweden showed an increased
risk to non-Hodgkins lymphoma upon prior exposure to
herbicides and fungicides but not insecticides (Hardell &
Eriksson, 1999). Glyphosate exposure resulted in an odds
ratio of 2.3, although the number of samples was small,
and the authors suggested that further study is necessary.
A study on mice showed increases in carcinoma, leukemia
and lymphoma (Pavkov & Turnier, 1986) and an in vitro
mutagenic test on human lymphocytes revealed increased
sister-chromatid exchanges (Vigfusson & Vyse, 1980)
upon exposure to glyphosate.

12 Proposed transglutaminaseglyphosate interactions
Establishing the mechanism by which glyphosate might
promote autoantibodies to transglutaminase is a challenging task, not because this possibility seems unlikely
but rather because multiple disruptions are plausible. In
this section, we present evidence from the research literature that supports various hypotheses for the interaction
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of glyphosate with the transglutaminase enzymatic pathways. The definitive studies that clarify which of these
hypotheses is correct have yet to be conducted.
Celiac disease is thought to be primarily caused by
ingestion of wheat gluten proteins, particularly gliadin,
due to a high concentration of proline- and glutaminerich sequences, which imparts resistance to degradation
by proteases. Transglutaminase autoimmunity arises
when specific epitopes of wheat gliadin activate sensitized
T-cells which then stimulate B-cell synthesis of IgA or IgM
autoantibodies to transglutaminase. Transglutaminase
bound to gliadin can induce false recognition by a T-cell.
Transglutaminase acts on gluten in wheat to form
crosslinks between glutamine residues and lysine residues, producing ammonia as a by-product. Ammonia is
known to induce greater sensitivity to glyphosate in
plants, and it is common practice to apply ammonium
sulfate simultaneously with glyphosate for this reason
(Nalewaja & Matysiak, 1993). This enhanced effect is due
to ammonium binding to glyphosate at three sites – one
on the carbonyl group and two on the phosphonyl group,
which displaces cations such as calcium and endows
glyphosate with enhanced reactivity.
Transglutaminase sometimes only achieves half of
its intended reaction product, by converting a glutamine
residue to glutamate, and leaving lysine intact, thus not
producing the desired crosslink. It has been established
that gluten fragments containing “deamidated glutamine”
residues instead of the crosslinks are much more highly
allergenic than those that contain the crosslinks (Dørum
et al., 2010; Qiao et al., 2005). These have been referred to
as “celiac disease T-Cell epitopes.” T-cells of celiac patients
preferentially recognize epitopes that are augmented with
negatively charged deamidated glutamine residues – the
product of the reaction when the lysine linkage does not
occur. Thus, if there is a mechanism by which glyphosate
interferes with crosslink formation, this would explain its
ability to enhance gluten sensitivity.
A clue can be found from the research literature on
glyphosate sensitivity in plants, where it has been determined that the substitution of a lysine residue in a critical
locale in EPSP synthase greatly increases sensitivity to
glyphosate (Selvapandiyan et al., 1995). Lysine’s NH3+
group is highly reactive with negatively charged ions,
and this makes it a common constituent of DNA binding
proteins due to its ability to bind to phosphates in the
DNA backbone. Glyphosate contains a phosphonyl group
that binds easily to ammonia and behaves as a phosphate
mimetic. It also contains a carboxyl group that substitutes
well for the carboxyl group of glutamate, the intended
reaction partner.
Thus, it seems possible that glyphosate would be drawn
to the ammonia released when the glutamine residue is
deamidated by transglutaminase, and then the ammonium
glyphosate would react with the lysine residue, releasing
the ammonia and resulting in the binding of glyphosate
to the lysine residue. This would yield a gluten fragment
bound to glyphosate that is likely highly allergenic. An
analogous EPSP synthase-EPSP-glyphosate ternary

complex has been identified in numerous studies on the
physiology of glyphosate in plants (Sammons et al., 1995).
Research in the food industry has concerned producing breads that, while not gluten free, may contain forms
of gluten to which celiac patients are less sensitive. Such
research has revealed that enzymatic modification to
promote methionine binding to glutamine reduces IgA
immunoreactivity (Cabrera-Chávez et al., 2010). Whether
methionine binding to glutamine residues in wheat takes
place in vivo is not known, but it is established that
glyphosate depletes methionine by 50 to 65 percent in
plants, as well as the aromatic amino acids (Nafziger et
al., 1984; Haderlie et al., 1977). As we have already discussed, glyphosate interferes with cobalt bioavailability
for cobalamin synthesis, and cobalamin is an essential
catalyst for the conversion of cysteine to methionine.
Transglutaminase also cross-links proteins in the
extracellular matrix, and therefore is important for wound
healing, tissue remodeling, and stabilization of the extracellular matrix. Thus, autoimmunity to transglutaminase
leads to destabilization of the microvilli lining the small
intestines. Transglutaminase has 18 free cysteine residues
which are targets for S-nitrosylation. A cysteine residue
is also involved in the catalytic active site. A unique Ca 2+
dependent mechanism regulates nitrosylation by NO,
mediated by CysNO (S-nitrosocysteine). It was shown
experimentally that up to 15 cysteines of transglutaminase were nitrosylated by CysNO in the presence of Ca2+,
and this inhibited its enzymatic activity (Lai et al., 2001).
Thus, another plausible mechanism by which glyphosate might enhance the development of autoantibodies to
transglutaminase is by nitrosylating its cysteines, acting
similarly to CysNO. A precedent for this idea is set with
research proposing nitrosylation as the means by which
glyphosate interferes with the heme active site in CYP
enzymes (Lamb et al., 1998). It is conceivable that cysteine
nitrosylation by glyphosate at the active site inactivates
the molecule, in which case glyphosate is itself acting as
an “antibody.”

13 Evidence of glyphosate exposure
in humans and animals
The US EPA has accepted Monsanto’s claim that glyphosate is essentially harmless to humans. Due to this position, there have been virtually no studies undertaken in
the US to assess glyphosate levels in human blood or urine.
However, a recent study involving multiple countries in
Europe provides disturbing confirmation that glyphosate residues are prevalent in the Western diet (Hoppe,
2013). This study involved exclusively city dwellers, who
are unlikely to be exposed to glyphosate except through
food sources. Despite Europe’s more aggressive campaign
against GMO foods than that in the Americas, 44% of the
urine samples contained quantifiable amounts of glyphosate. Diet seems to be the main source of exposure. One
can predict that, if a study were undertaken in the U.S., the
percentage of the affected population would be much larger.
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A recent study conducted on dairy cows in Denmark
shows conclusively that the cows’ health is being adversely
affected by glyphosate (Krüger et al., 2013a). All of the
cows had detectable levels of glyphosate in their urine,
and it was estimated that from 0.1 to 0.3 mg of glyphosate
was excreted daily from each cow. More importantly, all
of the cows had serum levels of cobalt and manganese that
were far below the minimum reference level for nutrient
sufficiency. Half of the cows had high serum urea, and
there was a positive linear relationship between serum
urea and glyphosate excretion. High serum urea is indicative of nephrotoxicity. Blood serum levels of enzymes
indicative of cytotoxicity such as creatine kinase (CK)
and alkaline phosphatase (ALP) were also elevated. CK is
indicative of rhabdomyolysis or kidney failure. High levels
of ALP indicate liver damage, and it is often used to detect
blocked bile ducts (Kaplan et al., 1983).
Thus, the low cobalt levels and the indicators of liver,
kidney, and gall bladder stress are all consistent with
our previous discussion. The results of this study were
also consistent with results of a study on rats exposed
experimentally to glyphosate (Beuret et al., 2005) in
which Roundup was shown to be even more toxic than its
active ingredient, glyphosate.
Glyphosate-metal complexes serve to reduce glyphosate’s toxicity in the soil to plants, but they also protect
glyphosate from attack by microorganisms that could
decompose it (Cusiel, 2005). The degree of reactivity of
the complex depends on which metals glyphosate binds to,
which in turn depends upon the particular soil conditions
(Nomura & Hilton, 1977). Glyphosate usually degrades
relatively quickly (Vencill, 2002); however, a half-life of up
to 22 years has also been reported in conditions where
pH is low and organic matter contents are high (Nomura
& Hilton, 1977). Therefore, glyphosate may survive much
longer in certain soils than has been claimed by the industry, and could be taken up by crops planted subsequent to
glyphosate application to kill weeds.
A disturbing trend of crop desiccation by glyphosate
pre-harvest (O’Keeffe, 1980; O’Keeffe, 1981; Stride et al.,
1985; Darwent et al., 1994; Orson & Davies, 2007) may be
a key factor in the increased incidence of celiac disease.
According to Monsanto, glyphosate was used on some
13% of the wheat area pre-harvest in the UK in 2004.
However, by 2006 and 2007, some 94% of UK growers used
glyphosate on at least 40% of cereal and 80% of oilseed
crops for weed control or harvest management (Monsanto
International Sàrl, 2010).
An increasing number of farmers now consider the
benefits of desiccating their wheat and sugar cane crops
with glyphosate shortly before the harvest (Monsanto
International Sàrl, 2010). The advantage is improved
harvesting efficiency because the quantity of materials
other than grain or cane is reduced by 17%, due to a
shutdown of growth following glyphosate treatment.
Treated sugar cane crops produce drier stalks which can
be baled more easily. There is a shorter delay before the
next season’s crop can be planted, because the herbicide
was applied pre-harvest rather than post-harvest. Several

pests can be controlled due to the fact that glyphosate is
a broad-spectrum herbicide. These include Black grass,
Brome grasses, and Rye grasses, and the suggestion is that
this would minimize the risk of these weeds developing
resistance to other herbicides.
A complete list of the latest EPA residue levels for
glyphosate as of September 18, 2013 are shown in Table 1.
Tolerances are established on all crops for both human
and animal consumption resulting from the application
of glyphosate.
As glyphosate usage continues unabated, glyphosate
resistance among weeds is becoming a growing problem
(Waltz, 2010), necessitating a strategy that either involves
an increase in the amount of glyphosate that is applied or
a supplementation with other herbicides such as glufosinate, dicampa, 2-4D, or atrazine. Agrochemical companies are now actively developing crops with resistance to
multiple herbicides (Culpepper, 2000), a disturbing trend,
especially since glyphosate’s disruption of CYP enzymes
leads to an impaired ability to break down many other
environmental chemicals in the liver.

14 Kidney disease in agricultural workers
Chronic kidney disease is a globally increasing problem
(Ramirez-Rubio et al., 2013), and glyphosate may be
playing a role in this epidemic. A plot showing recent
trends in hospitalization for acute kidney injury aligned
with glyphosate usage rates on corn and soy shows strong
correlation, as illustrated in Figure 4, and a similar correlation is seen for deaths due to end-stage renal disease
in Figure 5. Recently, it has been noted that young men in
Central America are succumbing in increasing numbers
to chronic kidney disease (Trabanino et al., 2002; Cerdas,
2005; Torres et al., 2010; Peraza et al., 2012; RamirezRubio et al., 2013; Sanoff et al., 2010). The problem
appears to be especially acute among agricultural workers, mainly in sugar cane fields (Cerdas, 2005; Torres et
al., 2010; Peraza et al., 2012). Since we have shown in
Section 8 how glyphosate can produce toxic effects on
the kidneys through its disruption of gut bacteria, it is
fruitful to consider whether glyphosate could be playing
a role in the fate of Central American workers in the
sugar cane fields.
In attempting to explain this phenomenon, physicians and pharmacists have proposed that it may be
due to dehydration caused by over-exertion in high
temperature conditions, combined with an acute
reaction to commonly administered non-steroidal
anti-inflammatory drugs (NSAIDs) to treat pain and/
or antibiotics to treat infection (Ramirez-Rubio et al.,
2013). NSAIDs require CYP enzymes in the liver for
detoxification (Agúndez et al., 2009), so impaired CYP
function by glyphosate would lead to a far more toxic
effect of excessive NSAID administration. Kidney disease among agricultural workers tends to be associated
with chronic glomerulonephritis and interstial nephritis,
which was proposed in (Soderland et al., 2010) to be
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Table 1. Complete list of glyphosate tolerances for residues in food crops in the U.S. as of September 18, 2013, as reported in: EPA: Title 40: Protection of Environment.
PPM

Commodity

PPM

Acerola

0.2

Governor’s plum

0.2

Quinoa. grain

5.0

Alfalfa, seed

0.5

Gow kee, leaves

0.2

Rambutan

0.2

Almond, hulls

25

0.1

0.5

Grain, cereal, forage, fodder and straw,
group 16, except field corn, forage and
field corn, stover

Rice, grain

Aloe vera

100

Ambarella

0.2

Animal feed, nongrass, group 18

Commodity

30

400

Grain, cereal, group 15 except field corn,
popcorn, rice, sweet corn, and wild rice

Artichoke, globe

0.2

Grass, forage, fodder and hay, group 17

300

Asparagus

0.5

Guava

Atemoya

0.2

Herbs subgroup 19A

Avocado

0.2

Bamboo, shoots

0.2

Banana

0.2

Barley, bran

30

Beet, sugar, dried pulp

25

Beet, sugar, roots
Beet, sugar, tops
Berry and small fruit, group 13-07
Betelnut
Biriba

10
10
0.20
1.0
0.2

Blimbe

0.2

Breadfruit

0.2

Cacao bean, bean

0.2

Cactus, fruit

0.5

Cactus, pads

0.5

Canistel

0.2

Canola. seed

20

Carrot

5.0

Chaya

1.0

Cherimoya

0.2

Citrus, dried pulp

1.0

Coconut

0.1

Coffee, bean, green

1.0

Commodity

PPM

Rice, wild, grain

0.1

Rose apple

0.2

S apod ilia

0.2

Sapote, black

0.2

0.2
0.2

Hop, dried cones

7.0

llama

0.2

Imbe

0.2

Imbu

0.2

Sapote, mamey

0.2

Sapote, white

0.2

Shellfish

3.0

Soursop

0.2

Spanish lime

0.2
200

Jaboticaba

0.2

Spearmint, tops

Jackfruit

0.2

Spice subgroup 19B

7.0

Kava, roots

0.2

Star apple

0.2

Kenaf, forage

200

Starfruit

0.2

200

Stevia, dried leaves

1.0

Longan

0.2

Sugar apple

0.2

Lychee

0.2

Sugarcane, cane

2.0

Mamey apple

0.2

Sugarcane, molasses

30

Mango

0.2

Surinam cherry

0.2

Mangosteen

0.2

Sweet potato

3.0

Marmalade box

0.2

Tamarind

0.2

Mioga, flower

0.2

Tea. dried

1.0

Noni

0.20

Tea, instant

7.0

Nut, pine

1.0

Teff, forage

100

Nut, tree, group 14

1.0

Oilseeds, group 20, except canola

40

Okra

0.5

Olive

0.2

Leucaena, forage

Oregano, Mexican, leaves

2,0

Palm heart

0.2

Palm heart, leaves

0.2

Palm, oil

0.1

TefF, grain

5.0

Teff, hay

100

Ti, leaves

0.2

Ti, roots

0.2

Ugli fruit

0.5

Vegetable, bulb, group 3-07

0.20

Vegetable, cucurbit, group 9

0.5

Vegetable, foliage of legume, subgroup
7A, except soybean

0.2

Vegetable, fruiting, group 8-10 (except
okra)

0.10

Corn, pop, grain

0.1

Corn, sweet, kernel plus cob with husk
removed

3.5

Cotton, gin byproducts

210

Papaya

0.2

Custard apple

0.2

Papaya, mountain

0.2

Dried fruit

0.2

Passionfruit

0.2

Dokudami

2.0

Pawpaw

0.2

Vegetable, leafy, brassica. group 5

0.2

Durian

0.2

Pea, dry

8.0

Vegetable, leafy, except brassica, group 4

0.2

Epazote

1.3

Peanut

0.1

Feijoa

0.2

Peanut, hay

0.5

Vegetable, leaves of root and tuber,
group 2, except sugar beet tops

0.2

Fig

0.2

Pepper leaf, fresh leaves

0.2

0.25

Vegetable, legume, group 6 except soybean and dry pea

5.0

Fish

Peppermint, tops

200

Fruit, citrus, group 10-10

0.50

Perilla, tops

1.8

0.20

Fruit, pome, group 11-10

0.20

Persimmon

0.2

Vegetables, root and tuber, group 1,
except carrot, sweet potato, and sugar
beet

Fruit, stone, group 12

0.2

Pineapple

0.1

Wasabi. roots

0.2
0.2

Galangal, roots

0.2

Pistachio

1.0

Water spinach, tops

Ginger, white, flower

0.2

Pomegranate

0.2

Watercress, upland

0.2

0.2

Wax jambu

0.2

Gourd, buffalo, seed

0.1

Pulasan
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Figure 4. Number of hospitalizations for acute kidney injury plotted against glyphosate applied to com & soy (in 1000 tons). (Figure courtesy
of Nancy Swanson).
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Death rate
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% GE corn & soy crops
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Figure 5. End stage renal disease deaths (ICD N18.0 & 585.6) plotted against %GE corn & soy planted (R=0.9585, p<4.03e-6) and glyphosate
applied to corn & soy (R=0.9844, p≤3.704e-09). Sources: USDA:NASS; CDC. (Figure courtesy of Nancy Swanson).

due to environmental toxins such as heavy metals or
toxic chemicals. Glomerulonephritis is also found in
association with celiac disease (Katz et al., 1979; Peters
et al., 2003). A Swedish study showed a five-fold increase
in nephritis risk in celiac patients (Peters et al., 2003).

A strong hint comes from epidemiological studies conducted in Costa Rica (Cerdas, 2005). The demographic
features of those with chronic renal failure revealed a
remarkably specific pattern of young men, between 20
and 40 years old, with chronic interstitial nephritis. All
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of them were sugar-cane workers. These authors wrote:
”A specific study of their work environment is needed
to determine what in their daily activities puts them at
increased risk for chronic renal failure.”
Agriculture is an important part of the economy of the
state of Louisiana in the United States, and sugar cane is
a significant agricultural product. Chemical methods to
ripen sugar cane are commonly used, because they can
substantially increase the sucrose content of the harvest
(Richard & Dalley, 2009). Glyphosate, in particular, has
been the primary ripener used in Louisiana since 1980
(Orgeron, 2012). As of 2001, Louisiana had the highest
rate of kidney failure in the U.S. (State-Specific Trends
in Chronic Kidney Failure – United States, 1990–2001).
Louisiana’s death rate per 100,000 from nephritis/kidney disease is 26.34 as compared to a U.S. rate of 14.55
(Network Coordinating Council, 2013). The number of
patients on dialysis has risen sharply in the last few years.
By 2005, it is estimated that 62% of the total harvested
hectares of sugar cane in Louisiana were ripened with
glyphosate (Legendre et al., 2005). A paper published in
1990 showed that glyphosate applied as a ripener on three
different sugar cane varieties grown in Costa Rica produced up to a 15% increase in the sucrose content of the
harvested sugar cane (Subiros, 1990). Glyphosate applied
before the harvest is the only sugarcane ripener currently
registered for use in the U.S.
A disturbing recent trend is the repeated application
of glyphosate over the course of the season with the hope
of further increasing yields (Richard & Dalley, 2009).
Responses to the standard application rate (0.188 lb/acre)
of glyphosate have been inconsistent, and so farmers are
increasing both the amount and the frequency of application. In (Richard & Dalley, 2009), growers are encouraged
not to apply glyphosate beyond mid-October, as results
are counterproductive, and not to use higher rates in an
attempt to improve yield. But it is doubtful that these recommendations are being followed. It is likely, although we
have not been able to confirm this, that glyphosate usage
has expanded in scope on the sugar cane fields in Central
America since 2000, when the expiration of Monsanto’s
patent drove prices down, and that the practices of
multiple applications of glyphosate in the U.S. are also
being followed in Central America. Several other ripening agents exist, such as Ethephon, Trinexapacethyl, and
Sulfometuron-methyl, but glyphosate is likely growing in
popularity recently due to its more favorable pricing and
perceived non-toxicity. Larger amounts are needed for
effective ripening in regions that are hot and rainy, which
matches the climate of Costa Rica and Nicaragua.

15 Discussion
In this paper, we have developed an argument that the
alarming rise in the incidence of celiac disease in the
United States and elsewhere in recent years is due to an
increased burden of herbicides, particularly glyphosate
exposure in the diet. We suggest that a principal factor

is the use of glyphosate to desiccate wheat and other
crops prior to the harvest, resulting in crop residue and
increased exposure. Strong evidence for a link between
glyphosate and celiac disease comes from a study on
predatory fish, which showed remarkable effects in the
gut that parallel the features of celiac disease (Shenapati
et al., 2009).
More generally, inflammatory bowel disease has been
linked to several environmental factors, including a higher
socioeconomic status, urban as opposed to rural dwelling, and a “Westernized” cultural context (Shapira et al.,
2010). Disease incidence is highest in North America and
Europe, and is higher in northern latitudes than in southern latitudes within these regions, suggesting a beneficial
role for sunlight. According to the most recent statistics
from the U.S. Environmental Protection Agency (EPA)
(Grube et al., 2011), the U.S. currently represents 25% of
the total world market on herbicide usage. Glyphosate has
been the most popular herbicide in the U.S. since 2001,
whereas it was the 17th most popular herbicide in 1987
(Kiely et al., 2004). Since 2001, glyphosate usage has grown
considerably, due to increased dosing of glyphosateresistant weeds and in conjunction with the widespread
adoption of “Roundup-Ready” genetically modified crops.
Glyphosate is probably now the most popular herbicide
in Europe as well (Kimmel et al., 2013). Glyphosate has
become the number one herbicide worldwide, due to its
perceived lack of toxicity and its lower price after having
become generic in 2000 (Duke & Powles, 2008).
A recent estimate suggests that one in twenty people
in North America and Western Europe suffer from celiac
disease (Koning, 2005; Fasano et al., 2003). Outdoor occupational status is protective (Sonnenberg et al., 1991). First
generation immigrants into Europe or North America
are generally less susceptible, although second generation
non-Caucasian immigrants statistically become even
more susceptible than native Caucasians (Shapira et al.,
2010). This may in part stem from the increased need for
sunlight exposure given darker skin pigmentation.
Table 2 summarizes our findings relating glyphosate
to celiac disease. All of the known biological effects of
glyphosate – cytochrome P450 inhibition, disruption of
synthesis of aromatic amino acids, chelation of transition metals, and antibacterial action – contribute to the
pathology of celiac disease.
Celiac disease is associated with deficiencies in several
essential micronutrients such as vitamin D3, cobalamin, iron, molybdenum, selenium and the amino acids,
methionine and tryptophan, all of which can be explained
by glyphosate. Glyphosate depletes multiple minerals in
both genetically modified soybeans (Saes et al., 2010)
and conventional soybeans (Cakmak et al., 2009), which
would translate into nutritional deficiencies in foods
derived from these crops. This, together with further
chelation in the gut by any direct glyphosate exposure,
could explain deficiencies in cobalt, molybdenum and
iron. Glyphosate’s effect on CYP enzymes should lead to
inadequate vitamin D3 activation in the liver (Hietanen
et al., 1983; Ponchon et al., 1969). Cobalamin depends
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Table 2. Illustration of the myriad ways in which glyphosate can be linked to celiac disease or its associated pathologies.
(a) Disruption of gut bacteria
Glyphosate Effect

Dysfunction

Consequences

reduced Bifidobacteria

impaired gluten breakdown

transglutaminase antibodies

reduced Lactobacillus
anaerobic E. coli

impaired phytase breakdown
reduced selenoproteins
indole toxicity

metal chelation
autoimmune thyroid disease
kidney failure

C. diff overgrowth

p-Cresol toxicity

kidney failure

Desulfovibrio overgrowth

hydrogen sulfide gas

inflammation

(b) Transition metal chelation
Glyphosate Effect

Dysfunction

Consequences

cobalt deficiency

cobalamin deficiency
reduced methionine
elevated homocysteine
inhibited sulfite oxidase
inhibited xanthine oxidase

neurodegenerative diseases
impaired protein synthesis
heart disease
impaired sulfate supply
DNA damage/cancer
teratogenesis
megaloblastic anemia
anemia

Glyphosate Impairment

Dysfunction

Consequences

vitamin D3 inactivation

impaired calcium metabolism

osteoporosis; cancer risk

retinoic acid catabolism

suppressed transglutaminase

teratogenesis

bile acid synthesis

impaired fat metabolism
impaired sulfate supply
increased toxin sensitivity
impaired indole breakdown

gall bladder disease
pancreatitis
liver disease
macrocytic anemia
kidney failure
venous thrombosis

molybdenum deficiency

iron deficiency

(c) CYP enzyme inhibition

xenobiotic detoxification

nitrate reductase

venous constriction

(d) Shikimate pathway suppression
Glyphosate Effect

Dysfunction

Consequences

tryptophan deficiency

impaired serotonin supply
hypersensitive receptors

depression
nausea, diarrhea

on cobalt, and cobalt-dependent enzymes in plants and
microbes have been shown to be inhibited by glyphosate
(Bode et al., 1984; Ganson and Jensen, 1988). Glyphosate
has been shown to severely impair methionine and tryptophan synthesis in plants (Nafziger et al., 1984), which
would reduce the bioavailability of these nutrients in
derived foods.
There are multiple intriguing connections between
celiac disease and microcephaly, all of which can be linked
to glyphosate. Celiac disease is found in association with
microcephaly in infants (Bostwick et al., 2001; Lapunzina,
2002), and teratogenic effects are also observed in children
born to celiac mothers (Dickey et al., 1996; Martinelli et
al., 2000). Microcephaly in an infant where confirmed
molybdenum deficiency was present (Boles et al., 1993)
suggests that molybdenum deficiency could be causal.
However, elevated RA also induces microcephaly, as does

indole-3-acetic acid, which has been dramatically linked
to microcephaly in mice (Furukawa et al., 2007). Elevated
RA is predicted as a response to glyphosate due to its
expected inhibition of CYP enzymes which catabolize
RA in the liver (Lamb et al., 1998; Hietanen et al., 1983).
Molybdenum deficiency is expected due to glyphosate’s
ability to chelate cationic minerals. Glyphosate has been
shown to induce indole-3-acetic acid synthesis in plants
(Caal et al., 1987), and it induces a shift to anaerobic
metabolism in E. coli (Lu et al., 2013), which is associated
with indole synthesis.
Celiac disease is associated with impaired serotonin
metabolism and signaling in the gut, and this feature leads
us to propose a novel role for serotonin in transporting
sulfate to the tissues. It is a curious and little known fact
that glucose and galactose, but not fructose or mannose,
stimulate 5-HT synthesis by EC cells in the intestinal
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lumen (Kim et al., 2001), suggesting a role for EC cells
as “glucose sensors.” Glucose and galactose are the two
sugars that make up the heparan sulfate chains of the
syndecans and glypicans that attach to the membranebound proteins in most cells, serving as the innermost
constituency of the extracellular matrix (Bernfield et al.,
1999). In (Seneff et al., 2012), it was proposed that part of
the post-prandial glucose that is taken up by the tissues is
temporarily stored in the extracellular matrix as heparan
sulfate, and that a deficiency in sulfate supply impairs this
process, which impedes glucose uptake in cells. These
heparan sulfate units have a high turnover rate, as they
are typically broken down within three hours of their
initial placement (Turnbull et al., 2001). This provides the
cells with a convenient temporary buffer for glucose and
galactose that can allow them to more efficiently remove
these sugars from the serum. Insufficient sulfate supplies
would impair this process and lead to insulin resistance.
As is the case for other monoamine neurotransmitters
as well as most sterols, 5-HT is normally transported in
the serum in a sulfated form. The sulfate moiety must be
removed for the molecule to activate it. Therefore, 5-HT,
as well as these other monoamine neurotransmitters and
sterols, can be viewed as a sulfate “escort” in the plasma.
In (Samsel & Seneff, 2013), it was argued that such carbonring-containing molecules are necessary for safe sulfate
transport, especially in the face of co-present kosmotropes
like glyphosate, in order to protect the blood from excess
viscosity during transport. Support for the concept that
glyphosate gels the blood comes from the observation that
disseminated coagulation is a characteristic feature of
glyphosate poisoning (Zouaoui et al., 2013). Since glyphosate disrupts sterol sulfation and it disrupts monoamine
neurotransmitter synthesis, in addition to its physical
kosmotropic feature, it can be anticipated that a chronic
exposure to even a small amount of glyphosate over the
course of time will lead to a system-wide deficiency in the
supply of sulfate to the tissues. We believe that this is the
most important consequence of glyphosate’s insidious
slow erosion of health.
An interesting consideration regarding a known link
between celiac disease and hypothyroidism (Collins et al.,
2012) emerges when one considers that iodide is one of the
few chaotropic (structure breaking) anions available to
biological systems: another important one being nitrate,
which is elevated in the urine in association with celiac
disease (Laurin et al., 2003). It is intriguing that the conversion of T4 to T3 (the active form of thyroid hormone)
involves selenium as an essential cofactor. Furthermore,
iodide is released in the process, thus providing chaotropic
buffering in the blood serum. Therefore, impaired conversion due to deficient selenium results in an inability to
buffer this significant chaotrope in the blood, despite the
fact that chaotropic buffering is likely desperately needed
in the context of the kosmotropic effects of glyphosate.
While speculative, it is possible that the autoimmune
thyroid disease that develops in association with celiac
disease is a direct consequence of the inability to activate
thyroid hormone due to insufficient selenium. Indeed,

celiac patients with concurrent hypothyroidism require
an elevated dose of levothyroxine (T4) compared to nonceliac hypothyroid patients (Collins et al., 2012), which
could be due to impaired activation to T3.
The link between autoimmune (type 1) diabetes and
autoimmune thyroiditis is likely tied to deficiencies in
selenoproteins leading to apoptosis. Diabetic rats produce
significantly less glomerular heparan sulfate in the kidneys
than controls, and this is associated with increased albuminurea (Jaya et al., 1993). However, children with type-1
diabetes and celiac disease excrete lower levels of albumin
than type-1 diabetic children without celiac disease, suggesting a protective role for celiac disease (Gopee et al.,
2013). Wheat is a good source of tryptophan, so it is likely
that tryptophan-derived serotonin induces the symptoms
of diarrhea and nausea associated with wheat ingestion,
but, at the same time, transports available sulfate through
the vasculature, to help maintain adequate supplies of
heparan sulfate to the glomerulus. Thus, the increased
metabolism of dietary tryptophan to serotonin observed
in association with celiac disease may help ameliorate the
sulfate deficiency problem. Glyphosate’s interference with
CYP enzymes links to impaired bile-acid production in
the liver, which in turn impairs sterol-based sulfate transport, placing a higher burden on serotonin for this task.
We have argued here that kidney failure, a known
risk factor in celiac disease, is a consequence of depleted
sulfate supplies to the kidneys. An alarming increase
in kidney failure in young male agricultural workers in
sugar cane fields in South America can be directly linked
to the recent increase in the practice of using Roundup to
“ripen” the crop just prior to the harvest. Furthermore,
glyphosate’s interference with selenoprotein supply would
lead to thyroid dysfunction, which greatly increases risk
to kidney disease. We propose here that glyphosate is the
key environmental factor contributing to this epidemic,
but further investigation is warranted.
While we have covered a broad range of pathologies
related to celiac disease in this paper, and have shown
how they can be explained by glyphosate exposure, there
are likely still other aspects of the disease and the connection to glyphosate that we have omitted. For example,
in a remarkable case study (Barbosa, 2001), a 54-year-old
man who accidentally sprayed himself with glyphosate
developed skin lesions six hours later. More significantly,
one month later he exhibited symptoms of Parkinson’s
disease. Movement disorders such as Parkinsonism are
associated with gluten intolerance (Baizabal-Carvallo,
2012). Figure 6 shows plots of glyphosate application to
corn and soy alongside plots of deaths due to Parkinson’s
disease. These and other connections will be further
explored in future research.

16 Conclusion
Celiac disease is a complex and multifactorial condition
associated with gluten intolerance and a higher risk to thyroid disease, cancer and kidney disease, and there is also
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Figure 6. Deaths from Parkinson's disease (ICD G20 & 332.0) plotted against glyphosate use on corn & soy (R=0.9006, p≤5.063e-07) and %GE
corn & soy planted (R=0.9676, p≤2.714e-06). Sources: USDA:NASS; CDC. (Figure courtesy of Nancy Swanson).

an increased risk to infertility and birth defects in children
born to celiac mothers. While the principal diagnostic is
autoantibodies to tissue transglutaminase, celiac disease
is associated with a spectrum of other pathologies such as
deficiencies in iron, vitamin D3, molybdenum, selenium,
and cobalamin, an overgrowth of pathogens in the gut at
the expense of beneficial biota, impaired serotonin signaling, and increased synthesis of toxic metabolites like
p-Cresol and indole-3-acetic acid. In this paper, we have
systematically shown how all of these features of celiac
disease can be explained by glyphosate’s known properties. These include (1) disrupting the shikimate pathway,
(2) altering the balance between pathogens and beneficial
biota in the gut, (3) chelating transition metals, as well as
sulfur and selenium, and (4) inhibiting cytochrome P450
enzymes. We argue that a key system-wide pathology in
celiac disease is impaired sulfate supply to the tissues, and
that this is also a key component of glyphosate’s toxicity
to humans.
The monitoring of glyphosate levels in food and
in human urine and blood has been inadequate. The
common practice of desiccation and/or ripening with
glyphosate right before the harvest ensures that glyphosate residues are present in our food supply. It is plausible
that the recent sharp increase of kidney failure in agricultural workers is tied to glyphosate exposure. We urge
governments globally to reexamine their policy towards
glyphosate and to introduce new legislation that would
restrict its usage.
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Abstract
Manganese (Mn) is an often overlooked but important nutrient, required in small
amounts for multiple essential functions in the body. A recent study on cows fed
genetically modiſed 4oundup®4eady feed revealed a severe depletion of serum
Mn. )lyphosate, the active ingredient in 4oundup®, has also been shown to severely
deplete Mn levels in plants. Here, we investigate the impact of Mn on physiology,
and its association with gut dysbiosis as well as neuropathologies such as autism,
Alzheimer’s disease (AD), depression, anxiety syndrome, Parkinson’s disease (PD),
and prion diseases. Glutamate overexpression in the brain in association with
autism, AD, and other neurological diseases can be explained by Mn deſciency.
Mn superoxide dismutase protects mitochondria from oxidative damage, and
mitochondrial dysfunction is a key feature of autism and Alzheimer’s. Chondroitin
sulfate synthesis depends on Mn, and its deſciency leads to osteoporosis and
osteomalacia. Lactobacillus, depleted in autism, depend critically on Mn for
antioxidant protection. Lactobacillus probiotics can treat anxiety, which is a
comorbidity of autism and chronic fatigue syndrome. 4educed gut Lactobacillus
leads to overgrowth of the pathogen, Salmonella, which is resistant to glyphosate
toxicity, and Mn plays a role here as well. Sperm motility depends on Mn, and
this may partially explain increased rates of infertility and birth defects. We further
reason that, under conditions of adequate Mn in the diet, glyphosate, through its
disruption of bile acid homeostasis, ironically promotes toxic accumulation of Mn
in the brainstem, leading to conditions such as PD and prion diseases.
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INTRODUCTION
Glyphosate is the active ingredient in Roundup®, the
most widely used herbicide on the planet.[314] Glyphosate
enjoys widespread usage on core food crops, in large part
because of its perceived nontoxicity to humans. The
adoption of genetically engineered “Roundup®-Ready”

corn, soy, canola, cotton, alfalfa, and sugar beets has
made it relatively easy to control weeds without killing
the crop plant, but this means that glyphosate will be
present as a residue in derived foods. Unfortunately,
weeds among GM Roundup®-Ready crops are developing
ever-increasing resistance to Roundup®,[107,221] which
requires an increased rate of herbicide application.[26]
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In 1987, glyphosate was the 17th most commonly used
herbicide in the United States, but, in large part due
to the introduction of glyphosate-resistant core crops,
it became the number one herbicide by 2001.[146] Its
usage has increased steadily since then, in step with the
rise in autism rates. Glyphosate’s perceived nontoxicity
is predicated on the assumption that our cells do not
possess the shikimate pathway, the biological pathway
in plants, which is disrupted by glyphosate, and whose
disruption is believed to be the most important factor in
its toxicity.
It may seem implausible that glyphosate could be toxic to
humans, given the fact that government regulators appear
nonchalant about steadily increasing residue limits, and
that the levels in food and water are rarely monitored
by government agencies, presumably due to lack of
concern. However, a paper by Antoniou et al.[12] provided
a scathing indictment of the European regulatory process
regarding glyphosate’s toxicity, focusing on potential
teratogenic effects. They identified several key factors
leading to a tendency to overlook potential toxic effects.
These include using animal studies that are too short or
have too few animals to achieve statistical significance,
disregarding in vitro studies or studies with exposures that
are higher than what is expected to be realistically present
in food, and discarding studies that examine the effects
of glyphosate formulations rather than pure glyphosate,
even though formulations are a more realistic model of
the natural setting and are often orders of magnitude
more toxic than the active ingredient in pesticides.[189]
Regulators also seemed unaware that chemicals that act
as endocrine disruptors (such as glyphosate[108]) often
have an inverted dose–response relationship, wherein very
low doses can have more acute effects than higher doses.
Teratogenic effects have been demonstrated in human
cell lines.[212] An in vitro study showed that glyphosate
in parts per trillion can induce human breast cancer cell
proliferation.[289]
Adjuvants in pesticides are synergistically toxic with
the active ingredient. Mesnage et al.[189] showed that
Roundup® was 125 times more toxic than glyphosate
by itself. These authors wrote: “Despite its relatively
benign reputation, Roundup® was among the most toxic
herbicides and insecticides tested.”[189]
The industry dictates that 3 months is a sufficiently
long time to test for toxicity in rodent studies, and as a
consequence none of the industry studies have run for
longer than 3 months. The only study we are aware of
that was a realistic assessment of the long-term effects
of GM Roundup®-Ready corn and soy feed on mammals
was the study by Séralini et al. that examined the effects
on rats fed these foods for their entire life span.[261] This
study showed increased risk to mammary tumors in
females, as well as kidney and liver damage in the males,
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and a shortened lifespan in both females and males.
These effects occurred both in response to Roundup and
to the GM food alone. These effects only began to be
apparent after 4 months.
There are multiple pathways by which glyphosate could
lead to pathology.[248] A major consideration is that our
gut bacteria do have the shikimate pathway, and that we
depend upon this pathway in our gut bacteria as well as
in plants to supply us with the essential aromatic amino
acids, tryptophan, tyrosine, and phenylalanine. Methionine,
an essential sulfur-containing amino acid, and glycine,
are also negatively impacted by glyphosate. Furthermore,
many other biologically active molecules, including
serotonin, melatonin, melanin, epinephrine, dopamine,
thyroid hormone, folate, coenzyme Q10, vitamin K, and
vitamin E, depend on the shikimate pathway metabolites
as precursors. Gut bacteria and plants use exclusively the
shikimate pathway to produce these amino acids. In part
because of shikimate pathway disruption, our gut bacteria
are harmed by glyphosate, as evidenced by the fact that it
has been patented as an antimicrobial agent.[298]
Metal chelation and inactivation of cytochrome
P450 (CYP) enzymes (which contain heme) play
important roles in the adverse effects of glyphosate on
humans. A recent study on rats showed that both males
and females exposed to Roundup® had 50% reduction in
hepatic CYP enzyme levels compared with controls.[156]
CYP enzyme dysfunction impairs the liver’s ability to
detoxify xenobiotics. A large number of chemicals have
been identified as being porphyrinogenic.[77] Rossignol
et al.[242] have reviewed the evidence for environmental
toxicant exposure as a causative factor in autism, and they
referenced several studies showing that urinary excretion
of porphyrin precursors to heme is found in association
with autism, suggesting impaired heme synthesis.
Impaired biliary excretion leads to increased excretion
of heme precursors in the urine, a biomarker of multiple
chemical sensitivity syndrome.[77] We later discuss the
ability of glyphosate to disrupt bile homeostasis, which we
believe is a major source of its toxic effects on humans.
Glyphosate is a likely cause of the recent epidemic in
celiac disease.[249] Glyphosate residues are found in wheat
due to the increasingly widespread practice of staging
and desiccation of wheat right before harvest. Many of
the pathologies associated with celiac disease can be
explained by disruption of CYP enzymes.[156] Celiac
patients have a shortened life span, mainly due to an
increased risk to cancer, most especially non-Hodgkin’s
lymphoma, which has also been linked to glyphosate.[85,253]
Celiac disease trends over time match well with the
increase in glyphosate usage on wheat crops.
Glyphosate is also neurotoxic.[59] Its mammalian
metabolism yields two products: Aminomethylphosphonic
acid (AMPA) and glyoxylate, with AMPA being at least as
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toxic as glyphosate. Glyoxylate is a highly reactive glycating
agent, which will disrupt the function of multiple proteins
in cells that are exposed.[90] Glycation has been directly
implicated in Parkinson’s disease (PD).[57] Glyphosate
has been detected in the brains of malformed piglets.[155]
In a report produced by the Environmental Protection
Agency (EPA), over 36% of 271 incidences involving acute
glyphosate poisoning involved neurological symptoms,
indicative of glyphosate toxicity in the brain and nervous
system.[122]
In the remainder of this paper, we first introduce the
link between glyphosate and manganese (Mn) dysbiosis,
and briefly describe the main biological roles of Mn.
We then describe how glyphosate’s disruption of gut
bacteria may be a major player in the recent epidemic
in antibiotic resistance. We then explain how glyphosate
can influence the uptake of arsenic and aluminum, and
propose similar mechanisms at work with Mn. In the
next section, we describe how Mn deficiency can lead
to a reduction in Lactobacillus in the gut, and we link
this to anxiety disorder. We follow with a discussion on
mitochondrial dysfunction associated with suppressed
Mn superoxide dismutase (Mn-SOD), and then a section
on implications of Mn deficiency for oxalate metabolism.
The following section explains how Mn deficiency can
lead to the overexpression of ammonia and glutamate in
many neurological diseases. The next two sections show
how Mn accumulation in the liver is linked to cholestasis
and high serum low density lipoprotein (LDL), and how
this can also induce increased susceptibility to Salmonella
poisoning. We then identify a role for Mn in chondroitin
sulfate synthesis, and the implications for osteomalacia.
The next two sections explain how glyphosate exposure
can lead to Mn toxicity in the brain, and discuss two
neurological diseases that are associated with excess
Mn, PD and prion diseases. After a section on the link
between male infertility and Mn deficiency in the testes,
we discuss evidence of exposure to glyphosate and end
with a short summary of our findings.
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Furthermore, 63% of newborns with birth defects were
found to be deficient in Mn.
Mn, named after the Greek word for “magic,” is one
of 14 essential trace elements. Mn plays essential roles
in antioxidant protection, glutamine synthesis, bone
development, and sperm motility, among other things.
Although Mn is essential, it is only required in trace
amounts. And an excess of Mn can be neurotoxic.
Remarkably, Mn deficiency can explain many of the
pathologies associated with autism and Alzheimer’s
disease (AD). The incidence of both of these conditions
has been increasing at an alarming rate in the past two
decades, in step with the increased usage of glyphosate
on corn and soy crops in the United States, as shown
in [Figures 1 and 2]. Although correlation does not
necessarily mean causation, from 1995 to 2010, the autism
rates in first grade in the public school correlates almost
perfectly (P = 0.997) with total glyphosate application on
corn and soy crops over the previous 4 years (from age 2 to
6 for each child) [Figure 1]. Such remarkable correlation
necessitates further experimental investigation. These
neurological disorders are associated with mitochondrial
impairment[197,241,243,281,316] and with excess glutamate
and ammonia in the brain,[2,109,265] leading to a chronic
low-grade encephalopathy.[256,260] As we will show later, Mn
deficiency is critically associated with these pathologies.
Thyroid dysfunction can be predicted as well, and
low maternal thyroid function predicts autism in the
fetus.[238] Furthermore, increases in bone fractures in
both children and the elderly can also be explained
by Mn deficiency, due to its critical role in bone
development.[276] Osteoporosis, which is a serious problem

SUPPORTIVE EVIDENCE OF MANGANESE
DYSBIOSIS DUE TO GLYPHOSATE
Glyphosate’s disruption of the shikimate pathway is due
in part to its chelation of Mn, which is a catalyst for
enolpyruvylshikimate phosphate synthase (EPSPS), a
critical early enzyme in the pathway.[63] A recent study on
Danish dairy cattle investigated mineral composition in
serum of cattle fed Roundup®-Ready feed.[154] The study
identified a marked deficiency in two minerals: Serum
cobalt and serum Mn. All of the cattle on eight different
farms had severe Mn deficiency, along with measurable
amounts of glyphosate in their urine. In Australia,
following two seasons of high levels of stillbirths in cattle,
it was found that all dead calves were Mn deficient.[184]

Figure 1: Plots of amount of glyphosate applied to corn and soy
crops in the US over the previous 4 years (red), provided by the
US Department of Agriculture, compared with number of children
HQUROOHGLQWKHÀUVWJUDGHLQWKHSXEOLFVFKRROV\VWHPXQGHUWKH
autism category according to the Individuals with Disabilities
Education Act (IDEA) (blue bars). (Figure courtesy of Dr. Nancy
Swanson)
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among the elderly today, is also likely promoted by Mn
deficiency,[247] and osteoporosis leads to increased risk to
fractures.[98,139,140]
Sprague-Dawley rats fed a Mn-deficient diet had
significantly reduced concentrations of Mn in liver,
kidney, heart, and pancreas, compared with controls.[18]
Furthermore, pancreatic insulin content was only 63%
of control levels, and insulin release following glucose
administration was also reduced. Mn deficiency not only
impairs insulin secretion in Sprague-Dawley rats, but it
also causes reduced glucose uptake in adipose tissue,[19]
so Mn deficiency could contribute to impaired glucose
metabolism in both type 1 and type 2 diabetes, which
are a growing problem worldwide.[199] Type 1 diabetes in
children is associated with a decrease in Lactobacillus
and Bifidobacterium, and an increase in Clostridium,
in the gut.[195] These same pathologies are also found in
gut bacteria from poultry fed Roundup®-Ready feed.[263]
The increased incidence of diabetes in the US is strongly
correlated with glyphosate usage on corn and soy, as
shown in [Figure 3].
Much remains elusive about Mn’s roles in cellular
metabolism, but it is clear that it is very important. For
instance, Target of Rapamycin Complex 1 (TORC1)
accelerates the aging process in cells from yeast to
mammals,[231] and Mn inhibits TORC1, but only if it is
present in the Golgi.[86] Zinc (Zn) is essential for DNA
and RNA replication and cell division. Zn deficiency leads
to greatly enhanced Mn uptake by cells, and this induces
modifications to messenger RNA such that the ratio of
guanine and cytosine nucleotides (C + G) to adenine
and thymine (A + T) is sharply increased.[100] Clearly,
more research is needed to explain the significance of
these phenomena.
We infer, paradoxically, that both Mn deficiency and
Mn toxicity, attributable to glyphosate, can occur
simultaneously. Because of glyphosate’s disruption of CYP
enzymes, the liver becomes impaired in its ability to dispose
of Mn via the bile acids, and instead it transports the Mn
via the vagus nerve to brainstem nuclei, where excess Mn
leads to PD. Recently, PD has also increased dramatically,
in step with glyphosate usage on corn and soy [Figure 4].
Ironically, while the brainstem suffers from excess
Mn, the rest of the brain incurs Mn deficiency due to
the depressed serum levels of Mn. Mn is particularly
important in the hippocampus, and deficiency there can
lead to seizures. A high incidence of seizures is found in
children with autism.[302] Seizures are also associated with
reduced serum Mn,[54,88,269] and this is consistent with the
liver’s inability to distribute Mn to the body via the bile
acids. Antibiotics have been found to induce seizures.[132]
Mn uptake in the brain is normally enhanced during
the neonatal period in rats, and proper development

Figure 2: Plots of amount of glyphosate applied to corn and soy
crops in the US over time, compared to the rate of death from AD.
(Figure courtesy of Dr. Nancy Swanson)

Figure 3: Plots of glyphosate usage on corn and soy crops (blue),
percent of corn and soy that is genetically engineered to be
“Roundup Ready” (red), and prevalence of diabetes (yellow bars)
in the US. (Figure courtesy of Dr. Nancy Swanson)

Figure 4: Plots of glyphosate usage on corn and soy crops (blue),
percent of corn and soy that is genetically engineered to be
“Roundup Ready,” (red), and deaths from PD (yellow bars) in the
US. (Figure courtesy of Dr. Nancy Swanson)
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of the hippocampus depends on Mn.[284] Soy formula
increases the risk of seizures in autism,[310] hardly
surprising when one considers that soybean crops
are now 90% Roundup®-Ready. A recent paper has
confirmed that alarmingly high glyphosate residues
appear in Roundup®-Ready soy.[35] The US Department
of Agriculture analyzed glyphosate residues in soy in
2011, and reported that 91% of the 300 samples tested
were positive for glyphosate, with 96% being positive
for AMPA, an equally toxic by-product of glyphosate
breakdown.[297] Our own analysis confirms that glyphosate
is present in infant formula. Out of several soy-based
baby formulas we tested, only one contained glyphosate
residues. We found levels of 170 ppb in Enfamil
ProSobee liquid concentrate. Further testing is underway.
Soybean product sourcing and residue testing should be
required prior to product manufacturing and is necessary
to prevent inadvertent infant exposure.
Another mechanism by which glyphosate in soy formula
could cause seizures is through bilirubin production.
Serum concentrations of bilirubin were elevated in
catfish exposed to sublethal doses of Roundup®, in a
dose-dependent relationship.[208] Neonates, due to an
immature digestive system, are unable to metabolize
bilirubin in the gut, and it can therefore build up in the
blood and even penetrate their immature blood–brain
barrier to cause seizures.[308]

GLYPHOSATE AND MICROBIAL ANTIBIOTIC
INTOLERANCE
Microbial antibiotic tolerance and resistance are a
growing problem worldwide, likely fueled by horizontal
gene transfer among different bacterial species.[106,121]
Multiple-drug resistant commensal bacteria in the
guts of both animals and humans form a reservoir of
resistance genes that can spread to pathogenic species.
Methicillin-resistant Staphylococcus aureus (MRSA),[119]
Clostridium difficile,[183] and Pseudomonas aeruguinosa[169]
are all becoming major threats, especially in the hospital
environment. A generic mechanism of upregulated efflux
through membrane pores offers broad-domain resistance
to multiple antibiotics.[169] Exposure to antibiotics early
in life can even lead to obesity as a direct consequence of
the resulting imbalance in gut bacteria.[73]
Studies have shown that increased mutation rates due to
chronic low level exposure to one antibiotic can induce
an accelerated rate of development of resistance to
diverse other antibiotics.[151] Glyphosate, patented as an
antimicrobial agent,[298] is present in steadily increasing
amounts in the GM Roundup-Ready corn and soy feed
of cows, pigs, chickens, farmed shrimp, and fish, and it is
ubiquitous in the Western diet of humans. Pseudomonas
aeruginosa can use glyphosate as a sole source of
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phosphorus,[192] and it is one of a small number of resistant
bacterial species with the ability to metabolize glyphosate,
a feature that might be exploited for soil remediation.[1]
However, DNA mutations due to exposure would enhance
tolerance to glyphosate and other antibiotics, perhaps
explaining the current epidemic in multiple antibiotic
resistant P. aeruginosa infections, which have a 20%
mortality rate.[190] Antibiotic resistance sequences
engineered into GM crops may also play a role in the
current crisis concerning antibiotic resistant pathogens.
Glyphosate has also been demonstrated as a remarkable
antimicrobial synergist. It greatly increases the cidal effects
of other antimicrobials, particularly when combined as
salts of glyphosate. A concentration dependent synergy
index (SI) ranging from 0.34 to 5.13 has been recorded for
the Zn salt of glyphosate.[299] This has serious implications
for glyphosate ingested with pharmaceuticals or residues
of other widely used agricultural chemicals, such as the
herbicides Diquat, Paraquat, 2,4 D and Glufosinate, the
fungicide Chlorothalonil and the systemic neonicotinoid
insecticides Acetamiprid, Imidacloprid, Thiacloprid,
Thiamethoxam, and Clothianidin.
Glyphosate acts as a catalyst for the development of
antibiotic resistance genes in pathogens. Since both
poultry and cow manure are used as natural fertilizers
in crops, it can be expected that a vector for microbial
resistance to multiple drugs is through contamination
of fruits and vegetables. Indeed, multiple resistance
genes have been identified from diverse phyla found
in cow manure, including Proteobacteria, Firmicutes,
Bacteroidetes, and Actinobacteria, that is, in
phylogenetically diverse organisms.[311]
One of the ways in which glyphosate is toxic to plants
is through disruption of chlorophyll synthesis, due to
suppression of the activity of the first enzyme in pyrrole
synthesis.[61,69,143,319] Pyrrole is the core building block of
both chlorophyll and the porphyrin rings, including corrin
in cobalamin and heme in hemoglobin and cytochrome
enzymes. Several cofactors containing a structurally
complex tetrapyrrole-derived framework chelating a
metal ion (cobalt (Co), magnesium (Mg), iron (Fe), or
nickel (Ni)) are synthesized by gut bacteria and supplied
to the host organism, including heme and corrin.[236]
Thus, glyphosate can be expected to disrupt synthesis
of these biologically essential molecules. Pseudomonas
normally thrives in the small bowel and produces
abundant cobalamin that may be a significant source for
the human host.[6] P. aeruginosa’s successful colonization
may be due in part to its ability to produce cobalamin
despite the presence of glyphosate. Only recently has it
also been recognized that a Mn–porphyrin complex can
protect from mitochondrial overproduction of hydrogen
peroxide (H2O2) in response to ionizing radiation.[274] It
can be predicted that homeostasis of all of these minerals
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in the gut (Co, Mn, Fe, Ni, and Mg) is impaired in
the presence of glyphosate, and this will have serious
consequences not only to the gut bacteria but also to the
impaired regulation of these minerals. The implications
of impaired heme and cobalamin synthesis will be further
addressed in a future paper.
A key component of glyphosate’s action is its ability to
chelate minerals, particularly transition metals such
as Mn. Glyphosate forms strong complexes with the
transition metals via the amino, the carboxylic, and the
phosphonic moieties in the molecule. Each of these can
coordinate separately to metal ions or in combination as
bidentate or tridentate ligands.[194,296]

ANALOGY WITH ARSENIC AND ALUMINUM
Chronic kidney disease is clearly associated with multiple
environmental toxicants.[268] There has been an epidemic
in recent years in kidney failure among young agricultural
workers in Central America, India, and Sri Lanka,
particularly those working in the sugar cane fields.[249] A
recent paper reached the unmistakable conclusion that
glyphosate plays a critical role in this epidemic.[133] A
growing practice of spraying sugar cane with glyphosate
as a ripener and desiccant right before the harvest has led
to much greater exposure to the workers in the fields. The
authors, who focused their studies on affected workers in
rice paddies in Sri Lanka, identified a synergistic effect of
arsenic, which contaminated the soil in the affected regions.
This paper is highly significant, because it proposes a
mechanism whereby glyphosate greatly increases the toxicity
of arsenic through chelation, which promotes uptake by the
gut. Glyphosate also depletes glutathione (GSH)[60,128] and
glutathione S transferase (GST) is a critical enzyme for
liver detoxification of arsenic.[295] As a consequence, excess
arsenic in the kidney causes acute kidney failure, without
evidence of other symptoms such as diabetes usually
preceding kidney failure.
Arsenic is normally disposed of by the liver through
biliary excretion. In rats exposed to arsenic, large amounts
of GSH appeared in the bile simultaneously with biliary
excretion of arsenic.[113] It was first hypothesized, and later
confirmed, that arsenic is transported in bile acids in the
form of unstable GSH complexes (monomethylarsonous
acid), which release GSH upon decomposing. Since
glyphosate disrupts CYP enzymes necessary for bile acid
formation,[248,249] as well as depleting GSH,[60,128] it can
be expected that glyphosate would disrupt the process
of biliary excretion of arsenic, thus forcing arsenic to be
redirected toward urinary excretion, leading ultimately to
kidney failure.
Glyphosate also chelates aluminum,[230] and it has been
reasoned that this enables aluminum to get past the
gut barrier more readily through direct analogy with the
situation with arsenic, which is also a 3+ cation.[193]
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However, it has been demonstrated through
experimentation that glyphosate prefers divalent cations.
Thus, aluminum would enter the bloodstream via the
digestive tract's portal vein to the organs traveling with
albumin, which is known to attach and transport many
xenobiotics. It is well established that citrate also binds
aluminum and promotes its uptake past the gut barrier
through a mechanism that parallels glyphosate’s binding
to aluminum.[68,148] Both are small molecules that easily
pass through a leaky gut barrier.
Considering these observations regarding aluminum
and arsenic, it is reasonable to expect that something
similar might happen with Mn. Unlike these other two,
however, Mn plays many essential roles in the body,
and so its chelation by glyphosate would interfere with
its bioavailability in the general circulation. Just as for
arsenic, bile acids play a critical role in Mn homeostasis.
Bile is the major excretory route of injected Mn.[17]
Malecki et al. wrote: “Biliary excretion may be a major
homeostatic mechanism for preventing both deficiency
and toxicity of Mn.”[179, p. 489]
Glyphosate, a dipolar zwitterion, is toxic in part due
to its bio-transformative properties as pH varies.
We postulate that Mn, which is transported in the
blood stream bound to glyphosate, is oxidized to
Mn3+ following its release in the localized acidic
environment of sulfated glycosaminoglycans (GAGs) in
the glycocalyx lining the capillary wall.[234] As we will
later explain, Mn uniquely is able to travel along axons
and across synapses, and this results in a novel path via
the vagus nerve for brain toxicity following excess Mn
accumulation in the liver.
Mn is a transition metal, and therefore it can catalyze
oxidative reactions in neurons via the Fenton reaction.[305]
While Mn2+ is the form of Mn that catalyzes enzyme
reactions, Mn3+, similar to Al3+, is directly toxic to
neuronal membranes.[13] In vitro studies have shown
that Mn3+ complexes auto-oxidize catecholamines, and
therefore exposure to excess Mn leads to a decrease in the
bioavailability of dopamine, serotonin, and noradrenaline
in the striatum.[227]
It has been shown that glyphosate enhances the oxidation
of Mn from a 2+ oxidation state to 3+, both in solution
and on an inert surface.[21] It can be inferred, therefore,
that Mn2+ oxidation to the toxic form, Mn3+, might occur
in the artery wall following exposure to superoxide in the
presence of glyphosate. Mn3+ also enhances glyphosate
degradation to AMPA,[21] which would produce the
highly glycating by-product, glyoxylate. Glyoxylate and
Mn3+ would both cause significant arterial damage in
association with the inflammatory response.
We suggest that another route for Mn transport is the
vagus nerve, which delivers Mn from the liver to the
brainstem nuclei. When bile acid synthesis is impaired,
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the brainstem nuclei can acquire neurotoxic levels of Mn,
while serum levels are simultaneously depressed.

GUT BACTERIA DYSBIOSIS AND ANXIETY
Anxiety disorder is a comorbidity of autism,[110] AD,[288]
and PD,[235] and, in this section, we argue that disruption
of Lactobacillus due to impaired Mn bioavailability
is a likely cause. Anxiety disorder is also correlated
with glyphosate usage on corn and soy, as illustrated
in [Figure 5].
Glyphosate has been shown to severely deplete Mn
uptake by plants, both by the roots and by the shoots.[127]
Experiments on plants demonstrated that Mn applied as
fertilizer antagonizes glyphosate’s effectiveness in weed
control,[29] and this implied that Mn chelation was an
important part of glyphosate’s toxicity to plants. Electron
paramagnetic resonance (EPR) spectroscopy analyses
conducted by these authors demonstrated that glyphosate’s
binding to Mn increased with pH as pH rose from 2.8 to
7.5. The pH of plant symplast is typically 7.5, a level at
which glyphosate would be an effective chelator of Mn.
Certain species of gut bacteria, such as members of
the Lactobacillus family, utilize Mn in novel ways for
protection from oxidation damage, and, as a consequence,
their requirements for Mn are much higher than those
of other species.[13,14] Thus, Mn chelation by glyphosate
would lead to reduced numbers of these essential bacteria
in the gut. This leads directly to neurological symptoms
such as anxiety, due to the influence of the gut–brain
axis.[70,75,106] In the small intestine, the pH increases
gradually from pH 6 to pH 7.4 in the terminal ileum.[101]
At pH 7.4, Mn bioavailability can be expected to be
reduced by 50% due to glyphosate chelation.[173]

Figure 5: Plots of glyphosate usage on corn and soy crops (blue),
provided by the US Department of Agriculture, and rates per
10,000 of phobia, anxiety disorder, and panic disorder (red) in the
US, provided by the Centers for Disease Control. (Figure courtesy
of Dr. Nancy Swanson)

http://www.surgicalneurologyint.com/content/6/1/45

The liver regulates the amount of Mn in the general
vascular circulation, by incorporating any excess into
bile acids, which gives the gut bacteria repeated
chances to take it up. However, production of bile acids
depends upon CYP enzymes, which are disrupted by
glyphosate.[248,249] Hence, glyphosate can be expected to
lead to severe impairment of Mn bioavailability to the
gut bacteria, while at the same time allowing too much
Mn to accumulate in the liver.
Lactobacillus tends to reside in the foregut.[286] The pH
of the foregut is higher than that of the cecum,[100] so
Mn chelation by glyphosate is a bigger issue there, since
glyphosate’s chelation effects increase with increasing
pH. Mn-SOD is an important enzyme in mitochondria
for protection from oxidative damage. Most Lactobacillus
species lack Mn-SOD, but they have devised a way to
protect themselves from oxidation damage due to the
superoxide radical by using active transport of Mn in
the +2 oxidation state. Many Lactobacilli normally have
high intracellular concentrations of Mn.[14] For example,
Lactobacillus plantarum accumulates over 30 mM of
intracellular Mn (II).[13]
A recent study demonstrated that Roundup® in
concentrations lower than those recommended
in agriculture inhibited microbial growth of three
microorganisms that are widely used as starters in
fermentation of milk products,[66] including a species
of Lactobacillus. Research into genetically engineering
an Mn-SOD-encoding gene derived from Streptococcus
thermophilus into various Lactobacillus species has shown
that they can produce Mn-SOD from these heterologous
genes and use it to improve their resistance to oxidative
stress.[48]
Bruno-Bárcena et al.[48] proposed that such genetically
engineered Lactobacilli might provide benefit as
probiotics to people suffering from colitis or peptic
ulcers. Colitis is associated with increased inflammation
in the gut, which may be due to impaired function of
Mn-SOD. An experiment on a mouse model of colitis
demonstrated that Lactobacilus gasseri treatment
alleviated inflammation in the colon of Il-10 deficient
mice.[55] Genetically modified forms of L. gasseri as
described above, which overproduce Mn-SOD, showed
enhanced therapeutic effects.
Several members of the Lactobacillus family are capable of
producing the inhibitory neurotransmitter J-aminobutyric
acid (GABA) via the enzyme glutamate decarboxylase, and
this may be a reason for their ability to improve symptoms
of anxiety. Experiments with Lactobacillus probiotics in
mice demonstrated neurochemical and behavioral effects
related to changes in GABAergic expression in regions of
the brain that control mood.[165] These effects were absent
in vagotomized mice, pointing to the vagus nerve as the
bacterial communication pathway between gut and brain.
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Lactobacillus have been successfully cultivated to produce
fermented food containing high levels of GABA, proposed
to be a health benefit in probiotics.[40]
Patients suffering from chronic fatigue syndrome (CFS)
often have imbalances in microbial flora,[177] along
with anxiety as a frequent comorbidity.[104] A pilot
placebo-controlled study involved daily administration
of Lactobacillus casei probiotics over a 2-month period
to CFS patients.[232] The outcome was a significant
rise in both Lactobacillus and Bifidobacteria in the
gut, along with a significant decrease in anxiety
symptoms (P = 0.01). This study reinforces the gut–
brain connection, specifically implicating Lactobacillus in
the etiology of anxiety disorder.

MN-SUPEROXIDE
DISMUTASE
MITOCHONDRIAL DYSFUNCTION

AND

Mitochondrial
dysfunction,
particularly
for
the
neutrophils, which perform important immune system
functions, is implicated in CFS,[196] and this could be
due to impaired Mn supply to Mn-SOD. Mn-SOD
is dramatically upregulated in association with the
inflammatory markers tumor necrosis factor D (TNF-D),
lipopolysaccharide
(LPS),
and
interleukin-1,[301]
presumably to protect mitochondria from oxidative
damage. SOD plays an important role in antioxidant
defenses, by converting superoxide into H2O2, which
can then be further detoxified by other enzymes such
as catalase.[182] There are three major classes of SOD,
which are distinguished by the metal catalyst, which can
be copper (Cu), Zn, Mn, iron, or nickel. Eukaryotes rely
on a distinct form in the mitochondria, which depends
on Mn, whereas Cu/Zn SOD is present in the cytoplasm
and extracellularly. Many bacterial species including
Escherichia coli use Fe-SOD as well as Mn-SOD. The
adjuvants in Roundup® may play an important role
in enabling glyphosate to penetrate the mitochondrial
membrane,[215] where it can interfere with the activities of
Mn-SOD via chelation of Mn.
Recent experiments on goldfish involved exposing them
for 96 h to Roundup® at concentrations ranging from
2.5 to 20 mg/L.[174] Several metabolites were measured
from the liver, kidney, and brain. Remarkably, Roundup®
inhibited SOD activity in all three organs examined, by
51–68% in the brain, 58–67% in the liver, and 33–53% in
the kidney, and this was the most striking effect that was
observed. Unfortunately, they did not specify whether the
cytoplasmic Cu/Zn SOD or the mitochondrial Mn-SOD
was most affected. Regardless, a plausible explanation of
this effect is the chelation of Mn, Cu, and Zn, which are
essential cofactors for the two SODs.
A recent study on the fish species Anguilla anguilla
exposed to environmentally realistic levels of glyphosate

over a short time period revealed DNA strand breaks in
both liver and gills, along with a suppression of SOD
activity in the liver.[116] A plausible explanation is that
the breakdown product of glyphosate, glyoxylate, which
is a potent glycating agent, would cause DNA damage
by attacking Cu, Zn-SOD. Experiments have shown
that released Cu in combination with H2O2 produced
by glycated Cu, Zn-SOD triggers a Fenton reaction,
resulting in nuclear DNA cleavage.[138]
Aconitase, an enzyme that converts citrate to isocitrate,
is a crucial participant in Complex I of the citric acid
cycle in the mitochondria. Many neurodegenerative
diseases have been linked to decreased aconitase activity
due to oxidative stress, including Friedreich ataxia,[245,249]
Huntington’s disease,[282] progressive supranuclear palsy,[213]
autism,[239] and epilepsy.[300] The presence of a single
unligated iron atom in the iron–sulfur cluster of aconitase
makes it uniquely sensitive to oxidative inactivation by
superoxide.[105] Aconitase inactivation has a cascade effect,
because the released iron results in ferrous iron toxicity,
further promoting cell death.[52] The pervasive herbicide
Paraquat has been implicated in oxidative inactivation of
aconitase, and this likely explains its known role in PD.[52]
A postmortem study of brains of autistic individuals
showed a striking decrease in aconitase activity in
the cerebellum associated with a similar decrease in
glutathione redox antioxidant capacity (GSH/GSSG),
with the plot producing a near 100% separation between
cases and controls.[239] Inadequate clearance of superoxide
due to Mn-SOD inactivation can easily account for this
observation. Aconitase is a crucial participant in the
citric acid cycle in the mitochondria, so this effect has
catastrophic consequences on the renewal of adenosine
triphosphate (ATP) as an energy source for the neurons.
In another study, cells from children with autism exhibited
higher oxidative stress than control cells, including a 1.6-fold
increase in reactive oxygen species (ROS) production,
1.5-fold increase in mitochondrial DNA copy number
per cell, and more deletions.[198] Furthermore, oxidative
phosphorylation capacity of granulocytes from children
with autism was 3-fold lower than in controls. These are all
indicators of oxidative stress, which could be due to SOD
inhibition by glyphosate, mediated by Mn deficiency.

OXALATE
Monsanto’s Roundup herbicide, WeatherMax® with
Transorb II Technology, is now a preferred formulation
and uses a potassium salt of glyphosate (48.8%). The
Transorb Technology, which utilizes a dual surfactant
system and adjuvants, was first introduced in 1996 as
Roundup ULTRA. In 1998, the formula was altered and
released as WeatherMAX, then further improved and
released in 2005 as the current product.
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The inert ingredients have undergone several changes
over the years to include formula variations, which
included the use of dual surfactants of siloxane
copolymers and Polyoxyethylated tallow amine (POEA).
As noted by Monsanto, “Promotion of stomatal
infiltration of glyphosate by an organosilicone surfactant
reduces the critical rainfall period,” hence the
rain-fastness of Roundup WeatherMax® with Transorb®
2 Technology. In 1995, US Patent #5,464,806 was
issued which reflected another product formulation
improvement and move from the use of Silwet-77
siloxane surfactant due to phase separation problems,
to the use of an acetylenic diol.[142] The new formula
provides protection from herbicide loss due to rain within
30 min of application. Additional adjuvants, well known
in the paper-making industry, were used to quickly break
down cell walls and collapse the plant. These chemicals
originally included sodium sulfite with a later change
to oxalic acid (oxalate) as patented in 2006.[315] In this
patent, it was noted that “it has been discovered that
the addition of oxalic acid or salts thereof to glyphosate
compositions increases the cell membrane permeability
of plant cells or suppresses oxidative burst to increase
cellular uptake of glyphosate.”
This modification may be related to the recent increase
in health issues concerning excess serum oxalate in the
United States and elsewhere, linked to both autism
and kidney stones. A study comparing children with
autism with controls found a 3-fold increase in serum
oxalate levels in the children with autism,[152] and it was
suggested that this might be due to excess absorption
through the gut barrier, and that oxalate crystals in the
brain could potentially disrupt brain function. Calcium
oxalate crystals are responsible for up to 80% of kidney
stones, and there has been an increased incidence of
kidney stones recently in the US.[250] In a study on
prisoners in Illinois who complained of gastrointestinal
distress following a change to a high-soy diet, it was
proposed that the unusually high levels of oxalate in
the processed soy protein might be responsible for the
observed symptoms.[175]
Both the high oxalate content of the soy and the high
serum oxalate in humans could be due to impaired
oxalate metabolism. Oxalate metabolism by oxalate
oxidase in plants and by oxalate decarboxylases in
fungi and a few bacteria, such as Bacillus subtilis, are
both dependent on Mn as a cofactor.[280] Bifidobacteria,
which are highly sensitive to glyphosate,[263] possess
an oxalate-metabolizing enzyme that depends on
magnesium rather than Mn as a cofactor.[102] However,
glyphosate decreases the content of both magnesium
and Mn in plants.[50] Furthermore, gamma-glutamyl
carboxylase, a liver enzyme that metabolizes oxalate, is
catalyzed by vitamin K, which depends on the shikimate
pathway.[51] It has been shown that patients with calcium
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oxalate urolithiasis have significantly reduced activity of
this enzyme in the liver.[65]
The sulfate ion transporter, Sat-1, plays an important
role not only in sulfate transport but also in oxalate
transport,[273] as evidenced by the fact that mice with a
disrupted Sat-1 gene develop urolithiasis.[252] Glyoxylate
is not only a substrate of Sat-1 but it is also a key
regulator.[252] The upregulation of SAT-1 by glyoxylate in
hepatic cells likely serves to flush oxalate and glyoxylate
from the liver, to avoid hepatotoxicity. However, this
can lead to nephrotoxicity due to glyoxylate glycation
damage and the formation of kidney stones. Due to
competition between oxalate and sulfate for transport via
Sat-1, glyoxylate, and oxalate, likely, also disrupt sulfate
homeostasis in the liver. Sulfate is critical for bile acid
formation and for detoxification of xenobiotics such as
acetaminophen.
The conversion of glyoxylate to oxalate by the enzyme
lactate dehydrogenase is inhibited by oxalate.[87] Hence
gloxylate, derived from glyphosate breakdown, would
accumulate in the presence of excess oxalate.
Aside from the obvious damaging effects of oxalate
crystals on tissues, the oxalate, whose metabolism is
impaired due to Mn deficiency, will also interfere with
the metabolism of glyphosate, likely greatly increasing
both its effectiveness as an herbicide and its toxicity
to mammals. Under oxalate stress conditions, both
superoxide and the hydroxyl radical are produced in
excess amounts.[258] Obviously, the ineffectiveness of
Mn-SOD due to Mn deficiency would further enhance
the damage due to excess oxalate. SOD activity has been
shown to be reduced in association with the urolithic
kidney, and methionine supplementation can alleviate
this problem.[257] As mentioned previously, methionine is
depleted by glyphosate.

AMMONIA,
GLUTAMATE,
NEUROTOXICITY

AND

In this section, we will show that both glutamate and
ammonia are implicated as neurotoxins in connection
with autism and other neurological diseases, and we will
offer the simple explanation that Mn deficiency leads
to impaired activity of glutamine synthase and arginase,
both of which utilize Mn as a cofactor. Mn deficiency can
also explain the increased risk to epilepsy found in autism,
due to the fact that Mn decreases T2 relaxation time.
Mn-deprived rats are more susceptible to convulsions.[129]
Blaylock and Strunecká[32] have proposed that
immune-glutamatergic dysfunction may be the central
mechanism of autism spectrum disorders. Ghanizadeh[109]
reported that glutamate and homocysteine are elevated in
the serum in association with autism, and that glutamine
and tryptophan are depleted. Tryptophan, which depends
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upon the shikimate pathway in plants and microbes, is
the precursor to serotonin and melatonin. An increase in
glutamate and a corresponding decrease in glutamine can
be entirely explained by an inactive glutamine synthase
enzyme. Another extensive study on children with autism
compared with controls found low serum tryptophan, high
serum glutamate and homocysteine, and significantly
reduced free sulfate, as well as high levels of oxidative
stress markers,[1] all of which are consistent with these
assertions. High serum homocysteine is one associated
consequence of folate deficiency:[76] Folate is produced
by Lactobacillus and Bifidobacteria from products of the
shikimate pathway.[240]
The neurotransmitter glutamate has been implicated as
an excitatory neurotoxin in the brain not only in autism
but also in association with multiple neurological diseases,
including AD, PD, amyotrophic lateral sclerosis (ALS),
and multiple sclerosis.[93] Ordinarily, following glutamate
release into the synaptic cleft, microglia in the brain take
up excess glutamate and convert it to glutamine, using
the enzyme glutamine synthase.[204] Glutamine is then
released into the extracellular space, taken up by neurons,
and converted in the cytoplasm to glutamate to be held
within internal vesicles in anticipation of future activity.
Conversion to glutamine for the transport stage from
microglia to neurons renders the molecule inactive as a
neurotransmitter, and therefore as a neurotoxin, when it
is out of service.
TNF-D, secreted by activated microglia in the brain, is a
major cytokine leading to neurotoxicity in association with
multiple neurological diseases. A major component of the
damaging effect of TNF-D is the autocrine induction of
the release of glutamate from microglia.[285] Experiments
exposing immature rats to Roundup®, whether via
exposure to the dam during pregnancy and lactation or
via acute exposure to the pup for 30 min, demonstrated
lipid peroxidation and NMDA receptor activation in the
hippocampus, indicative of oxidative stress and glutamate
excitotoxicity.[59] Acute exposure increased the release of
glutamate into the synaptic cleft, and depleted GSH.
Glutamine synthase depends upon Mn as a cofactor,
so depleted Mn supplies would lead to a build-up of
glutamate that cannot be returned to the neurons using
normal channels. Multiple sclerosis is associated with both
depleted Mn in the cerebrospinal fluid[185] and depleted
GSH synthase in the white matter lesions.[309] Cerebellar
brain samples taken postmortem from 10 individuals
with autism demonstrated an anomalous increase in
mRNA expression of excitatory amino acid transporter
1 and glutamate receptor AMPA 1, both involved in
the glutamate system.[226] Glutamate receptor binding
proteins were also abnormally expressed, and AMPA-type
glutamate receptor density was low. These effects could
be explained as a response to the excess bioavailability of
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glutamate due to an inability to convert it to the inactive
form, glutamine.
Further confirmation of glutamate dysbiosis in autism
comes from a study on levels of 25 amino acids in
the platelet-poor plasma of high-functioning autistic
children compared with normal controls, which revealed
that only glutamate and glutamine were abnormally
expressed in the children with autism, with a highly
significant (P < 0.002) excess of glutamate and a highly
significant (P < 0.004) decrease in glutamine.[264] They
linked these findings to glutamatergic abnormalities
reported by others.
It is intriguing to us that Mn deficiency leads to a pair
of complementary pathologies – excess glutamate along
with aconitase deficiency, which together allow for the
cells to generate ATP by metabolizing glutamate instead
of glucose. Glutamate enters the citric acid cycle beyond
Complex I, thus bypassing the step that is impaired by
aconitase deficiency. This is a rather elegant regulatory
system that provides energy even in the face of Complex
I impairment.
The prevalence of epilepsy in the US is similar to that
of diabetes, making it a common disorder affecting 2
million Americans.[47] Epilepsy is associated with increased
T2 relaxation time in nagnetic resonance imaging (MRI)
signaling analysis of the hippocampus, both in the
ipsilateral sclerotic hippocampus as well as the contralateral
hippocampus and anterior temporal lobe.[42] Following
intracerebral injection of Mn, a large amount of Mn
accumulates in the hippocampal fissure, which results in a
reduction in T2 relaxation time.[78] Epilepsy may therefore
be a consequence of insufficient Mn in the hippocampus,
which could easily account for the associated increase in
T2. Autism is associated with a high risk of epilepsy,[293,162]
and the hippocampus has been the focus of many studies
on the neurological pathology of autism.[84,95]
Ammonia is a well-established neurotoxin, which
accumulates when the urea cycle is unable to keep up
with ammonia released from protein breakdown.[290]
Ammonia can induce tremor, ataxia, seizures, coma,
and death.[49] Ammonia is a highly diffusible gas
that readily crosses the blood–brain barrier, and
its detoxification depends upon the conversion
of glutamate to glutamine, which is catalyzed by
glutamine synthase, the enzyme in microglia that relies
upon Mn as a cofactor.[71] Thus, impaired function of
glutamine synthase leads to the accumulation of both
glutamate and ammonia in the brain, both of which
are established neurotoxins.
Excess ammonia due to impaired ability to detoxify excess
nitrogen via the urea cycle can lead to impaired memory,
shortened attention span, sleep–wake cycle disruption,
brain edema, intracranial hypertension, seizures, ataxia,
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and coma.[37] Arginase, the final enzyme of the urea cycle,
is ubiquitous in living systems, and depends upon Mn as
a cofactor. Therefore, Mn deficiency due to glyphosate’s
chelation of the metal would be expected to lead directly
to impaired arginase function. The excess accumulation
of ammonia due to inactive glutamine synthase combined
with the decreased ability to metabolize ammonia to urea
constitute a double-hit leading to ammonia toxicity in
the brain.
A case study of a 4-year-old girl showed that a
genetic defect in arginase could present as pervasive
developmental delay not otherwise specified (PDD-NOS)
with many similarities to autism.[112] Its manifestations
include brain edema and signs of epilepsy, as would
be expected with ammonia toxicity in the brain.
A Mn-deficient diet administered to rats induced a
reduction in hepatic arginase activity (P < 0.01), along
with a significant rise in plasma ammonia (P < 0.01).[43]
Seneff et al.[260] put forward the idea that excess ammonia
due to disrupted gut bacteria could lead to a chronic
low-grade encephalopathy that could explain much of
the pathology associated with autism. Furthermore,
glyphosate is known to induce excess ammonia
production in plants, due to overactivity of the enzyme
phenylalanine ammonia lyase (PAL).[86,117,125] This enzyme
may also be overactive in gut bacteria exposed to
glyphosate, further compounding the problem.

CHOLESTASIS AND BILIRUBINEMIA
Mn stimulates cholesterol synthesis in the liver,
presumably because bile acids, derived from cholesterol,
are needed to bind to Mn and carry it back to the gut
for recycling.[5] However, CYP enzyme inhibition will
impair the liver’s ability to oxidize cholesterol, since the
formation of oxysterols in the liver for incorporation into
bile acids depends on several CYP enzymes (members
of the CYP3, CYP7, CYP8, CYP27, CYP39, and CYP46
families).[200,217] As a result, it can be anticipated that,
when Mn supplies are plentiful, both the Mn and
the cholesterol will accumulate to toxic levels in the
liver, unless another method can be found for their
redistribution. In the case of cholesterol, this may lead to
a necessary increase in the synthesis and release of LDL
particles. People with a defective CYP7A1 gene have
significantly elevated total and LDL cholesterol levels, as
well as substantial accumulation of cholesterol in the liver
and a markedly decreased rate of bile acid excretion.[225]
Neonatal cholestasis and hypercholesterolemia (elevated
LDL) were produced in mice with a defective CYP7A1
gene fed a normal chow diet.[96] The increased serum levels
of LDL associated with heart disease risk may therefore
be a consequence of the production of cholesterol that
cannot be exported through the biliary ducts.
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Studies with rats have shown that Lactobacillus
plantarum probiotic supplements lower serum LDL
levels.[166] Lactobacillus levels were reduced in chickens
exposed to antimicrobial drugs, which resulted in
reduced bile salt deconjugation in the gut.[114] Impaired
bile salt deconjugation by gut bacteria results in
significant weight gain along with elevated plasma
cholesterol and liver triglycerides in mice.[136] Thus,
glyphosate acting as an antibiotic that preferentially
kills Lactobacillus can be expected to lead to elevated
serum cholesterol and triglycerides through a similar
mechanism.
Cholestasis is a blockage of bile acid flow, which often
occurs as a side effect of various pharmaceutical
drugs.[211] Glyphosate administration to rats over a
period of 13 weeks induced increases in serum bile acids,
indicative of cholestasis.[64] Severe cholestasis can induce
bilirubinemia,[28] and glyphosate also independently
induces bilirubinemia in catfish.[208] At least two other
studies have shown bile stagnation in fish exposed to
glyphosate.[80,135]
Inflammatory bowel disease (colitis and Crohn’s disease)
has been increasing in frequency in the US over the past
20 years, in step with glyphosate usage on corn and soy
crops, as shown in [Figure 6]. According to analyses by
Cappello et al. in a hospital-based survey,[53] cholestasis is
a common feature of inflammatory bowel disease. They
observed a cholestatic pattern in 60% of patients studied,
mainly related to older age, longer duration of disease,
and hypertension. Gallstones were commonly found,
often in association with abnormal bile salt absorption,
especially in Crohn’s disease patients.
Ironically, while Mn-SOD depends upon Mn as a cofactor,
excess exposure to Mn can inhibit SOD expression.
Experiments exposing rats to excess Mn revealed several

Figure 6: Plots of glyphosate usage on corn and soy crops (blue),
DQG KRVSLWDO GLVFKDUJH GLDJQRVHV RI LQÁDPPDWRU\ ERZHO GLVHDVH
(Crohn’s andulcerative colitis) in the US, over time. (Figure courtesy
of Dr. Nancy Swanson)
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pathological effects on the liver, including inhibition
of SOD and GSH peroxidase, as well as decreased
levels of GSH and reduced levels of sodium-potassium
ATPase activity.[126] It is striking that glyphosate has also
been shown to have these very same effects in animal
experiments,[60,174,89] and it is conceivable that these effects
may be in part mediated by excess Mn accumulation in
the liver.
Bilirubinemia in neonates is a risk factor for autism,
particularly when it is unbound and unconjugated.[10]
Glucose 6-phosphate dehydrogenase (G6PD) deficiency
can induce bilirubin toxicity in neonates,[176] due to the
fact that G6PD enables conjugation of bilirubin.[141]
Glyphosate was shown to induce a 2.67-fold reduction
in G6PD expression in E. coli.[171] Studies on goldfish
demonstrated that glyphosate significantly decreased
G6PD activity in liver, kidney, and brain.[174]
G6PD is the main enzyme responsible for regeneration
of NADPH, an essential requirement for GSH reductase
activity.[174] Cholestasis is associated with a reduction in
the supply of reduced GSH.[317] Furthermore, glyphosate
has been shown to reduce the activity of GSH reductase
in the liver.[174] Preeclampsia, affecting 4% of pregnancies,
is associated with G6PD deficiency in red blood cells
along with a reduction in reduced GSH.[3] The ratio
of oxidized to reduced GSH is consistently high in
association with autism, in plasma, immune cells, and
the brain.[239]
A mouse model of cholestasis can be induced by exposing
mice to Mn, followed shortly by exposure to bilirubin.[82]
Mn induces cholesterol synthesis in the liver, and bilirubin
disrupts 7-D oxidation of cholesterol, a crucial step in bile
acid formation.[5] Cholesterol 7-D hydroxylase is the CYP
enzyme CYP7A1 and is likely disrupted independently
by glyphosate. Therefore, excess Mn in the liver works
synergistically with glyphosate to induce cholestasis.
The incorporation of cholesterol products into
exported bile acids is crucial for regulating cholesterol
homeostasis.[205] Bile acid transport depends on ATP,[203]
so mitochondrial disruption due to oxidation damage
consequential to excess Mn could contribute to disturbed
bile acid export, leading again to cholestasis. In vitro
experiments exposing rat H9c2 cells to glyphosate
plus the surfactant TN-20, which is a polyoxyethylene
tallow amine commonly used in glyphosate herbicides,
demonstrated that the surfactant in conjunction with
glyphosate causes collapse of the mitochondrial membrane
potential, leading to necrosis and apoptosis.[147] Even
in the absence of a catastrophic death cascade, a drop
in mitochondrial membrane potential would obviously
negatively impact ATP production. The effect could
be due in part to polyoxyethylenealkylamine (POEA),
which includes polyethoxylated tallow amine surfactants
that enable glyphosate to penetrate the mitochondrial
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membrane.[188] But, in addition, excess Mn, which would
accumulate due to the lack of bile flow, itself induces a
collapse in mitochondrial membrane potential.[137]
Intracellular accumulation of bile acids, associated with
cholestasis, is known to be toxic to hepatocytes. The
accumulation of bile acids in the cholestatic liver induces
oxidative stress and apoptosis, resulting in damage to
the liver parenchyma, and, ultimately, extrahepatic
tissues as well.[180] The lipophilic bile acids are much
more damaging than the hydrophilic ones,[15] and
they can induce proton leakage and the permeability
transition pore (PTP), resulting in programmed cellular
death.[237] Their toxic effect is directly due to their role as
surfactants.[180] Therefore, they enhance the effects of the
surfactants in Roundup®, acting in a cascade reaction.
On the other hand, the hydrophilic bile acid,
ursodeoxycholic acid (UDCA), is protective, and
its protective effects have been proposed to be due
to its ability to induce the expression of CYP3A4,
a
bile-metabolizing
enzyme,
in
hepatocytes.[11]
Hydroxylation, which depends on CYP enzymes, converts
lipophilic compounds into hydrophilic products. So
one can expect that, in the context of the CYP-enzyme
suppressing effects of glyphosate, [248,249] lipophilic bile
acids would accumulate in hepatocytes, and their export
would be impeded by the loss of ATP subsequent to
mitochondrial damage, in a positive feedback loop.
Another enzyme class that was discovered to be
downregulated in the liver by glyphosate in the goldfish
study is GST, an important class of enzymes. The main
function of the GST enzymes is the detoxification of
electrophilic xenobiotics by GSH conjugation.[275] Beyond
their important role in the detoxification of xenobiotics,
gene variants where the enzyme is inactive are associated
with increased risk to basal cell carcinoma, and a
gain-of-function mutation leads to decreased risk to
asthma.[275] Arsenic, whose toxicity is synergistically
enhanced by glyphosate[132] is a risk factor for basal cell
carcinoma.[62] Asthma is reaching epidemic proportions
today[91] and is associated with autism.[24,25] GST is
increasingly recognized as an important enzyme in gut
bacteria, which allows them to assist in the detoxification
of xenobiotics.[7]
One final factor in cholestasis is vitamin K deficiency,
which is associated with cholestatic liver disease.[278]
Chorismate, the intermediary in the shikimate pathway
whose synthesis is blocked by glyphosate, is a precursor
not only for the three aromatic amino acids but also
for tetrahydrofolate and phylloquinone (vitamin K1)
in plants.[294] Similarly, menaquinone (vitamin K2)
is synthesized by bacteria from chorismate.[27] Thus,
disruption of the shikimate pathway contributes to
vitamin K deficiency, which can lead to cholestasis.
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SALMONELLA INFECTION

both carbon and nitrogen.[8] Concentrations of F-asn, an
Amadori product, are surprisingly high in heated fruits
and vegetables.[92]

Multiple drug-resistant strains of Salmonella are becoming
an increasing problem both in the industrialized[191] and in
the developing world.[246] This may be due in part to the
fact that Salmonella is more resistant to glyphosate than
other species. Salmonella typhimurium is among a small set
of microbes that possess phosphonatase genes that allow
it to use the commonly occurring natural phosphonate,
2-aminoethyl-phosphonate (AEPn), as a sole source of
phosphorus,[134] which likely contributes to its growth
advantage in the presence of the phosphonate, glyphosate.
Furthermore, Lactobacillus, which are especially vulnerable
to glyphosate, produce antimicrobial compounds that can
defend against Salmonella.[81] Salmonella infections often
originate from contamination of plant-based foods exposed
to manure of chickens and pigs. A study on poultry
showed that Salmonella entritidis, Salmonella galliarum,
and Salmonella typhimurium were all highly resistant to
glyphosate compared with other more benign species.[263]
Our research into the pathology of Salmonella has
uncovered a complex interplay of many factors that
may be responsible for the epidemic, which includes an
important role for Mn, as well as a role for industrial
processing of lecithin from soy, and bile acid disruption
by glyphosate. Commercial lecithin is a mixture of
phospholipids and various metabolites, often derived from
soy. In food processing, phospholipase A (PLA) is applied
enzymatically to hydrolyze phospholipids in lecithin into
lysophospholipids and fatty acids, in order to improve its
emulsification, surfactant, and lubricant properties.[97]
This may be a factor in inducing both increased virulence
and an inflammatory response to Salmonella in the gut,
contributing to inflammatory bowel disease.
Salmonella
depend
on
cyclic
adenosine
monophosphate (cAMP) for flagella formation,
and therefore for motility.[318] Salmonella possess a
lysophospholipid sensing mechanism that triggers the
synthesis of flagellin, mediated by cAMP, and this activates
toll-like receptor 5 (TLR5) in macrophages, inducing an
inflammatory response.[279] Experiments have shown, as
might be expected, that flagella, produced from flagellin,
not only enhance mobility but also protect S. typhimurium
from internal death in macrophages and enhance their
ability to multiply within an infected cell.[306]
Salmonella are remarkably resilient in an inflammatory
environment, and, in a novel strategy for survival
in a hostile environment, they take advantage of
tetrathionate produced from oxidation of thiosulfate
by ROS as a terminal electron acceptor in processing
ethanolamine derived from host lysophospholipids
as a source of energy not available to other
microbes.[8,313] They can also uniquely use a glycated
L-asparagine (fructose-asparagine, F-asn) as a source of

It has only recently been appreciated that Mn plays
an important role in the virulence of Salmonella.[144]
Salmonella depend on Mn to resist the oxidative attack of
macrophages via Mn-SOD.[292] Since glyphosate’s chelation
of Mn makes it unavailable to gut bacteria, a mystery
arises as to how Salmonella might acquire adequate Mn
for defense against oxidative damage. Salmonella possess a
Mn uptake system based on a protein that is homologous
to eukaryotic Nramp transporters. This protein, MntH,
is a proton-dependent metal transporter that is highly
selective for Mn2+ over Fe2+,[144] or any other cation.
Intracellular Mn2+ can accumulate in millimolar amounts
even when environmental Mn2+ is scarce.
A feature unique to Salmonella is that they are especially
adept at binding to cholesterol in the gall bladder,
particularly in association with gallstones, and they also
possess adaptive responses that allow them to survive
the harsh environment of the bile acid milieu, as well as
the highly acidic environment of the stomach.[9] In fact,
studies have shown that they can survive a lower pH
environment than either Shigella flexneri or E. coli.[167]
Several different species of Salmonella can form biofilms on
human gallstones, which is dependent upon the presence
of bile.[222,74] Since bile is an excellent source of Mn, and
glyphosate’s chelation of Mn is dependent on a basic
environment, they could accumulate Mn while resident
in the bile acids present in the gallstones. Bile acids offer
antibacterial defenses, but Salmonella have developed
resistance genes to protect them from bile acids.[123] In
association with gallstones, S. typhi colonize the human
gallbladder and persist in an asymptomatic carrier state.[9,187]
Thus, impaired bile acid flow due to glyphosate would
promote both gallstones and microbial growth.
Fibrates are hypolipidemic agents that are known to
suppress bile acid synthesis via suppression of peroxisome
proliferator-activated receptor J (PPAR-J).[220] Studies on
humans exposed to fibrates have shown reduced activity of
cholesterol 7D-hydroxylase (CYP7A1), leading to reduced
bile acid production, and concurrent increased risk of
gallstones.[271,31] Thus, it is plausible that Salmonella are
able as well to gain a foothold on the gallstones caused by
suppression of bile-acid production by glyphosate due to
CYP enzyme inactivation, and they are able to take up Mn
in the immobilized bile acids and utilize it for Mn-SOD
production, protecting them from oxidative attack by
macrophages. The pathogen responsible for Lyme disease,
Borrelia burgdorferi, is also uniquely dependent on Mn,[4]
and the disruption of Mn homeostasis by glyphosate may
therefore play a role in its emergence.
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CHONDROITIN SULFATE, OSTEOMALACIA
AND ARTHRITIS
Vitamin D deficiency has reached epidemic proportions
in the US and increasingly around the world in recent
years.[124] In a large population study in the US, Bodnar
et al.[34] found deficient levels of vitamin D in 83% of
Black women and 92% of their newborns, as well as in
47% of White women and 66% of their newborns, despite
the fact that over 90% of the women were on prenatal
vitamins. This deficiency is associated with an increased
risk to bone fractures, likely due to impaired calcium
homeostasis.[145] It is even likely that care-takers are being
falsely accused (“Shaken Baby Syndrome”) of abusing
children in their care who suffer from bone fractures.[255]
These children are highly vulnerable to bone fractures
due to impaired bone development. Bone fractures in
the elderly due to osteoporosis have also risen sharply
recently in the industrialized world.[139] The cause of a
surging incidence of hip fractures across multiple age
groups remains a mystery to medical personnel.[140]
Samsel and Seneff[248,249] proposed that the current
vitamin D deficiency epidemic is caused by glyphosate,
due to glyphosate’s interference with CYP enzymes.
The metabolite that is usually measured, 25-hydroxy
vitamin D, is the product of activation in the liver by a
CYP enzyme that is also critical in bile acid formation.
However, there is a larger problem with bone development
due to impaired Mn homeostasis. Bone mineralization
depends critically on Mn, due to its essential role in
chondroitin sulfate synthesis.[36,158] Several enzymes
in the osteoblasts needed for this crucial step in bone
development require Mn as a cofactor, including the
polymerase, which polymerizes uridine diphosphate
N-acetyle-galactosamine (UDP-N-acetyl-galactosamine)
and UDP-glucuronic acid to form the polysaccharide,
and galactotransferase, which incorporates galactose
from UDP-galactose into the trisaccharide that links
the polysaccharide to the glycosylated protein.[157,158]
Chondroitin sulfate, together with osteocalcin, forms
the ground substance to which collagen adheres to
maintain healthy bone, ligaments and cartilage. Sulfate
uptake by GAGs in chicks fed a Mn deficient diet was
only 50% of that in control chicks, and the deficient
chicks suffered from growth retardation and skeletal
abnormalities.[36]
Osteoarthritis is another pathology likely related to Mn
deficiency, impaired chondroitin sulfate synthesis and
impaired vitamin D activation. Vitamin D deficiency is
associated with rheumatoid arthritis.[207] Mn is necessary
for the synthesis of GAGs or mucopolysaccharides,[156,254]
which provide lubrication and protection for the joints.
Rheumatoid arthritis is associated with Mn accumulation
in the liver,[72] which is consistent with impaired bile
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flow. Glucosamine sulfate has been demonstrated to
be effective in treating osteoarthritis, and it may even
delay disease progression.[259] A combination therapy
of glucosamine, chondroitin sulfate, and Mn ascorbate
was shown to be effective in treating knee osteoarthritis
in a placebo-controlled study conducted on US Navy
specialists.[160]
A mysterious epidemic of a new disease, called “sea
star wasting syndrome,” is currently sweeping across
the Pacific coast of North America, affecting at least 12
different species of sea stars.[307] We highly suspect that
glyphosate plays an important role in this disease, and
that it does so by chelating Mn, and therefore disrupting
chondroitin sulfate synthesis. A likely source is Roundup®
applied to oyster beds to kill the invading sea grass,
since oysters are a common food for sea stars.[118] The
state of Massachusetts was forced to close oyster beds in
Edgartown on Cape Cod recently, due to infection with
a pathogen, Vibrio parahaemolyticus.[214] This species
synthesizes an N-acetyl transferase (NAT) protein, which
is capable of detoxifying glyphosate by acetylating the
nitrogen moiety,[58] and this could explain its overgrowth
as being linked to glyphosate contamination. An
analysis of the GAGs isolated from brittle stars showed
exceptionally high proportions of di- and trisulfated
chondroitin sulfate/dermatan sulfate disaccharides,[233]
whose synthesis would be severely impaired by Mn
deficiency due to chelation by glyphosate.
A protective layer of mucopolysaccharides called mucus
is secreted by corals, and it has been characterized as
containing sulfated glycoproteins similar to chondroitin
sulfate,[44] which play an important role in controlling
pH and the transepithelial movement of electrolytes
and water, just as is the case in vertebrate mucosa.
Mucus pathology is implicated in coral disease leading
to mortality, particularly in the Caribbean.[219] Thus, an
interesting hypothesis that should be considered is that
glyphosate chelation of Mn is a crucial factor in the
worldwide coral die-off.

PARKINSON’S DISEASE
It might be anticipated that a simple Mn mineral
supplement could correct for the problem of glyphosate’s
chelation of Mn, but this assumption is almost certainly
false. We suggest that glyphosate’s disruption of
Mn homeostasis leads to extreme sensitivity to Mn
bioavailability, making it easy to err in the direction of
either too little or too much.[103] Our investigations
into the body’s mechanisms for transporting Mn has
revealed a likely pathway from the liver to the brain
that would induce Mn toxicity in the brainstem nuclei
whenever Mn is plentiful but glyphosate is also present.
A strong clue comes from the condition, “manganism,”
closely resembling PD, which develops following
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chronic occupational exposure to airborne nanoparticles
containing Mn.[163,172,244] In addition to evidence from
direct occupational exposure, geographical studies in the
US have shown a higher incidence of PD in urban areas
with higher industrial release of Mn.[312]
The fact that death from PD has increased in the past two
decades in step with glyphosate usage on corn and soy
suggests that there may be a role for glyphosate to play
in Parkinson’s pathology [Figure 4]. A case of accidental
acute exposure to glyphosate through skin contact
showed a remarkable development of Parkinsonian
symptoms beginning just 1 month following exposure.[20]
T2-weighted images revealed a hyperintense signal in the
globus pallidus and substantia nigra. Another case study
involved a 44-year-old female who developed PD after
a 3-year period of job-related exposure at a chemical
plant.[304] Glyphosate has also been shown to induce
Parkinsonian-like effects in the worm, Caenorhabditis
elegans, characterized by damage to both GABAergic
and dopaminergic neurons.[201] The mechanism behind
this effect remains obscure. However, a Mn-containing
fungicide, MANCOZEB, ethylene bisdithio-carbamate,
also induced similar damage.
An experiment where rats were exposed to Mn via
intranasal instillation demonstrated that the Mn could
enter the brain through the olfactory bulbs by following
major neuronal pathways.[291] Mn migrated via both
secondary and tertiary olfactory pathways and beyond to
ultimately reach most parts of the brain and the spinal
cord. By contrast, cadmium was unable to pass through
synaptic junctions and was therefore limited in its
penetration. These authors concluded that the olfactory
nerve is the likely pathway by which Mn gains access to
the brain in manganism, thus circumventing the blood–
brain barrier. Autoradiographic studies tracking the
distribution of radiolabeled Mn injected into rat brain
verified that Mn is subject to widespread axonal transport
in neuronal circuits.[283]
Elder et al.[94] reinforced this idea, in a study involving
exposure of rats to ultrafine particles (UFPs) of inhaled
Mn oxide. Their conclusion sums up the situation quite
well: “We conclude from our studies that the olfactory
neuronal pathway represents a significant exposure
route of central nervous system (CNS) tissue to inhaled
solid Mn oxide UFPs. In rats, which are obligatory nose
breathers, translocation of inhaled nanosized particles
along neurons seems to be a more efficient pathway to
the CNS than via the blood circulation across the blood–
brain barrier. Given that this neuronal translocation
pathway was also demonstrated in nonhuman primates, it
is likely to be operative in humans as well.” [94, p. 1178]
Manganism is distinct from PD mainly in that it is the
locus coeruleus that is preferentially damaged rather than
the substantia nigra.[216] In the rat, at least 40% of all locus
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coeruleus neurons project to the olfactory bulb.[266] Since
glyphosate likely interferes with the normal recycling
of Mn via the bile acids, the liver will need to find an
alternative route to dispose of excess Mn. Following
the example of nerve-fiber migration from the olfactory
bulb,[291] and the study on injected Mn,[283] a likely path
is the vagus nerve, which has extensive innervation in the
liver, with 10 times as many afferent nerves as efferent
nerves, and particularly concentrated on the outer surface
of the bile ducts.[30] MRI abnormalities indicative of
Mn toxicity in the globi pallidi and substantia nigra were
noted in three cases of patients with liver disease.[120] PD
is associated with nonmotor symptoms that often precede
the movement impairment aspects.[320] These include
depression and gastrointestinal disturbances.
Berthoud et al.[30] proposed that the onset of PD may
be associated with impairment of the vagus nerve, and
subsequent functional inhibition of the dopamine system.
Clinical trials have revealed pathological alteration of the
vagus nerve in PD patients.[218] The dorsal motor nucleus
of the vagus is an early site of pathology.[38] Liver failure
can lead to excessive build-up of Mn in the brainstem,
particularly the globus pallidus in the basal ganglia, which
regulates voluntary movement. This is due primarily to
decreased billiary excretion from the liver,[99,131] as bile
acids recycle Mn back to the gut, where it is taken up by
gut bacteria or disposed of. Liver cirrhosis is associated
with excess Mn in the brain and associated Parkinsonian
symptoms.[99] Mn neurotoxicity in the basal ganglia
causing Parkinsonian symptoms has also been identified in
association with chronic liver failure.[150] Despite the fact
that Mn is an essential cofactor for glutamine synthase,
excess Mn actually downregulates expression and activity
of the enzyme, causing neuropathology. Its toxicity is
linked to disruption of the cycling between astrocytes
and neurons of glutamine, glutamate, and GABA.[267] Mn
inhibits ATP-dependent calcium signaling in astrocytes,
which likely contributes to the toxic effects of excess Mn
on neurons.[277] Decreased bile flow associated with the
birth defect, biliary atresia, leads to Mn accumulation in
the liver[23] and in the globus pallidus.[130] As discussed
previously, bile acid synthesis and export are disrupted by
glyphosate and by surfactants, which is also a common
effect of many toxic chemicals whose detoxification
would be impaired by glyphosate’s disruption of CYP
enzymes.[248]
A study using MRI technology to detect Mn distribution
in the brain in marmosets and rats following Mn injections
revealed an accumulation in the basal ganglia as well
as other parts of the brain that were situated near the
ventricles, suggesting redistribution via the cerebrospinal
fluid.[33] There was also considerable liver damage,
especially in the marmosets, including hemosiderosis,
congestion, and hepatic necrosis. Marmosets were far
more susceptible than rats to Mn toxicity.

KWWSVXUJLFDOQHXURORJ\LQWFRPVXUJLFDOLQWBDUWLFOHVJO\SKRVDWHSDWKZD\VWRPRGHUQGLVHDVHVLLLPDQJDQHVHQHXURORJLFDOGLVHDVHVDQGDVVRFLDWHGSDWKRORJLHV

,)UD
&LWHG5HIHUHQFH 6DPVHODQG6HQHII
Surgical Neurology International 2015, 6:45

Both the substantia nigra and the locus coeruleus are
characterized by high concentrations of neuromelanin.
While it is unclear what role neuromelanin plays,
one hypothesis is that it carries a protective action
through its unique ability to accumulate and retain
various amines and metallic cations, especially Mn.[168]
The neuromelanin produced by the substantia nigra
is closely related to dopamine, and therefore derived
from tyrosine. The locus coeruleus’ melanin is
related to noradrenaline, and therefore derived from
tryptophan. Both tyrosine and tryptophan are products
of the shikimate pathway, and are therefore likely to be
deficient in the context of glyphosate exposure to plants
and microbes. This would result in a reduced ability to
temporarily house excess Mn in the brainstem nuclei
until it can be disposed of.
Glyphosate itself likely also contributes directly to PD. PD
is caused by degeneration of dopaminergic neurons in the
substantia nigra, attributed to mitochondrial dysfunction,
oxidative stress, and protein aggregation.[79,251] PC12 cells
are a popular model cell line for investigating neurological
disease, and they produce dopamine in vesicles, as is
appropriate for cells from the substantia nigra. A study
on PC12 cells exposed to glyphosate demonstrated that
glyphosate induced cell death via autophagy pathways as
well as apoptotic pathways.[115]
A study on serum Mn levels in infants and their
association with neurodevelopment revealed a U-shaped
curve, with both too little and too much Mn leading
to impaired development.[67] This study was conducted
on children born in Mexico City between 1997 and
2000. We hypothesize that extreme sensitivity to Mn
levels can be expected in the context of glyphosate,
because it would prevent the liver from disposing of
Mn via the bile acids, and therefore cause a flooding
of the brainstem nuclei with excess Mn delivered via
the vagus nerve. At the same time, Mn uptake into
the blood stream from the gut is suppressed, both
because of glyphosate’s chelation of Mn at higher pH
and the impaired recycling to the gut from the liver.
This can lead to a paradoxical situation in which the
brainstem nuclei are overwhelmed with Mn while the
precortex and cortex are deprived because of the low
bioavailability from the blood stream. One might
postulate that seizures play a role in enhancing Mn
redistribution from the brainstem to the cortex by
mobilizing Mn transport along axons, and this effect
might therefore explain the benefit of electroconvulsive
therapy (ECT) to depression.[16]
Dopamine suppresses thyroid stimulating hormone, and
therefore dopamine insufficiency can lead to overactive
thyroid and potential burnout of the thyroid gland.[270]
This problem is compounded by the fact that thyroid
hormone itself is derived from tyrosine, one of the
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three aromatic amino acids that are negatively impacted
by glyphosate through disruption of the shikimate
pathway. The thyroid gland also depends critically
on selenoproteins as antioxidants.[249] Glyphosate’s
depletion of both selenium and methionine will lead
to reduced bioavailability of selenoproteins. It is
conceivable that all of these factors working together can
explain the strong correlation of glyphosate application
to corn and soy with thyroid cancer [Figure 7], as well
as the association between maternal thyroid disease and
autism.[238]

PRION DISEASES AND MANGANESE
Prions are a special class of proteins that acquire
alternative
conformations
that
can
become
self-propagating. There is a class of neurological diseases
called transmissible spongiform encephalopathies that are
believed to be caused by misfolding of prion proteins,
predominantly accumulating in the gray matter in the
brain.[223] These include Creutzfeldt–Jakob disease (CJD)
in humans, scrapie in sheep, chronic wasting disease of
deer, and bovine spongiform encephalopathy or Madcow
disease.
Prion proteins have been shown to bind Cu in vivo,[46]
and this is probably an important factor in their normal
functioning. Cu protects against conversion of prions to
the pathogenic form, and studies have shown that gene
variants with extra octarepeat inserts exhibit decreased
Cu binding in association with markedly increased disease
risk.[272] A theory first proposed by Purdey[228,229] is that the
prion protein misfolds following binding to Mn instead
of Cu. The pathology is then explained by a high Mn to
Cu ratio in the diet. Brown et al.[45] investigated metal
binding properties of prion proteins, and demonstrated
that prions only bind to Cu and Mn. Furthermore, Mn
binding induces a resistance to protein degradation by

Figure 7: Plots of glyphosate usage on corn and soy crops (blue),
percent of corn and soy that is genetically engineered to be
“Roundup Ready” (red), and incidence of thyroid cancer (yellow
bars) in the US. (Figure courtesy of Dr. Nancy Swanson)
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protease, a characteristic feature of prion diseases. Aging
of the Mn-bound version of prion proteins leads to loss
of function. A later experiment demonstrated that Mn
promotes prion protein aggregation.[161] Thus, Mn is
causal in the formation of fibrils characteristic of the
scrapie isoform of the protein in prion diseases.
The possible link between excess Mn and prion diseases
was also supported in a later study by Masánová et al.,[181]
who compared different regions of the Slovak republic
and found a correlation between an elevated Mn/Cu ratio
in core food items such as potato and bread, as well as in
the soil, and a higher incidence of CJD.
Mn-SOD-/- mice die between days 3 and 13 following
birth. They exhibit a marked dilated cardiomyopathy,
neurodegeneration and fatty liver disease.[159,164] Mn 5,
10, 15, 20-tetrakis (4-benzoic acid) porphyrin (MnTBAP)
rescues mice from this pathology and dramatically
improves their lifespan. It operates at 10% of the
efficiency of Mn-SOD to oxidize superoxide to H2O2.
However, these supplemented mice develop a spongiform
encephalopathy very similar to CJD.[186] This is most
likely caused by excess delivery of Mn to the brain by the
MnTBAP.
Purdey[227] has noted that madcow disease epidemiology
aligned with the regulatory requirement to apply the
organo phthalimido-phosphorus insecticide, phosmet, on
the backs of cattle, for the control of warble fly during
the 1980s. He maintained that phosmet chelated Cu
in the CNS, but also caused oxidation of Mn to Mn3+,
leading to its toxicity. Like glyphosate, phosmet also
disrupts CYP enzyme function,[262] which would lead to a
similar disabling of bile acids.
New experimental data support the idea that the class of
prion diseases should be expanded to include AD, PD,
and related tauopathies.[224] Indeed, it has been proposed
that Cu deficiency may be a factor in AD.[149] Glyphosate
chelates Cu down to much lower pH values than those
at which it chelates Mn [173,296] [Figure 8], and it has also

Figure 8: Fractions of metal complexed with glyphosate as a function
of pH, for copper and manganese. Figure adapted from Lundager
Madsen et al[170]
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been shown to oxidize Mn to the +3 oxidation state.[21]
Thus, one can surmise that glyphosate might behave
similarly to both phosmet and MnTBAP to be causal
in prion diseases. In the pH 4 environment adjacent to
the sulfates in the glycocalyx, Mn, but not Cu, would
be released by glyphosate. Abundant bioavailability
of Mn3+ alongside Cu deficiency further aggravated
by glyphosate could set up a situation whereby excess
Mn supplied to the neurons in the cortex, bound to
glyphosate, over-competes with Cu in binding to prion
protein. One can predict that glyphosate’s tenacious
binding to Cu will render Cu systemically unavailable,
which argues for a role for glyphosate in prion diseases
through Cu binding.[45,228,229]

MN AND INFERTILITY
Multiple papers on rodent studies have indicated
disruption of the male reproductive system by glyphosate.
Acute treatment of 60-day-old male Sprague-Dawley rats
to Roundup® caused a marked increase in aromatase
mRNA in testicular tissue,[56] likely reflecting an increase
in production due to suppression of the activity of
aromatase (CYP 19), accompanied by abnormal sperm
morphology. Aromatase participates in both hormone
synthesis and metabolism. It is an important enzyme
in testes that converts testosterone to estrogen, thus
regulating the balance of sex hormones.
In vitro studies on Sertoli cells from mouse testis
demonstrated
that
glyphosate
opens
L-type
voltage-dependent calcium channels, leading to
calcium-overload cell death.[83] However, glyphosate’s
disruption of the supply of Mn to sperm may be a
more important factor leading to infertility, due to
immobilization of the sperm. Sperm are critically
dependent on Mn for their motility. Mammalian sperm
contain a distinctive form of Mn-dependent adenylate
cyclase, which first appears during development in
seminiferous tubules simultaneously with the appearance
of spermatid cells.[39] It is expressed at the highest levels
following sexual maturity. Adenylate cyclase catalyzes
the synthesis of cAMP. Bacteria such as E. coli and
Salmonella typhimurium depend on cAMP for flagella
formation, and therefore for motility.[318] cAMP-dependent
phosphorylation has been linked to activation of motility
in sperm flagella from sea squirts[209] and from dogs.[287]
Human sperm also depend on cAMP for increased flagellar
motility.[210,303] A study on zebrafish demonstrated that
glyphosate exposure at concentrations of 5 and 10 mg/L
over a 24-h time period reduced sperm motility.[170] Mn
stimulated the progressive motility of human sperm in a
time- and dose-dependent manner, and this was linked to
adenyl cyclase activity.[178] The decrease in male fertility
levels today in the industrialized world[111] may therefore
be explained by Mn deficiency.
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EVIDENCE OF EXPOSURE

CONCLUSION

Glyphosate-containing herbicides are applied to
crops several times each season both for killing
weeds and for desiccation just prior to the harvest in
non-Roundup®-Ready crops, such as wheat and sugar
cane. It accumulates in the leaves, grains, and fruit, and
thus cannot be removed by washing and, furthermore, is
not broken down by cooking.[41] Nowell et al.[206] identified
pesticides as a leading cause for declines and deformities
among amphibians and pollinators in the United States.
A total of 100% of all water surfaces and 96% of all
examined fish contained detectable levels of pesticides. In
a recent US-based study by Battaglin et al.,[22] glyphosate
and AMPA were detected frequently in soils and sediment,
ditches and drains, rainwater, rivers, and streams.

Glyphosate is the most widely used herbicide on the
planet, in part because of its perceived low toxicity to
humans. In this paper, we propose that glyphosate’s
chelation of Mn, working together with other known
effects of glyphosate such as CYP enzyme suppression
and depletion of derivatives of the shikimate pathway
in microorganisms, may explain the recent increase in
incidence of multiple neurological diseases and other
pathologies. We have shown that glyphosate’s disruption
of Mn homeostasis can lead to extreme sensitivity to
variations in Mn bioavailability: While Mn deficiency in
the blood leads to impairment of several Mn dependent
enzymes, in contrast, excess Mn readily accumulates in
the liver and in the brainstem due to the liver’s impaired
ability to export it in the bile acids. This pathology
can lead to liver damage and PD. Mn depletion in the
gut due to chelation by glyphosate selectively affects
Lactobacillus, leading to increased anxiety via the gut–
brain access. Both low Lactobacillus levels in the gut
and anxiety syndrome are known features of autism,
and Lactobacillus probiotic treatments have been shown
to alleviate anxiety. Increased incidence of Salmonella
poisoning can also be attributed to glyphosate,
through its impairment of bile acid synthesis. Low Mn
bioavailability from the blood supply to the brain leads to
impaired function of glutamine synthase and a build-up
of glutamate and ammonia in the brain, both of which
are neurotoxic. Excess brain glutamate and ammonia are
associated with many neurological diseases. At the same
time, impaired function of Mn-SOD in the mitochondria
results in mitochondrial damage, also a hallmark of many
neurological diseases. Mn deficiency can account for poor
sperm motility and therefore low fertilization rates, as well
as poor bone development leading to osteoporosis and
osteomalacia. Sea star wasting syndrome and the collapse
of coral reefs may in fact be an ecological consequence
of the environmental pervasiveness of the herbicide.
Many diseases and conditions are currently on the rise
in step with glyphosate usage in agriculture, particularly
on GM crops of corn and soy. These include autism, AD,
PD, anxiety disorder, osteoporosis, inflammatory bowel
disease, renal lithiasis, osteomalacia, cholestasis, thyroid
dysfunction, and infertility. All of these conditions can
be substantially explained by the dysregulation of Mn
utilization in the body due to glyphosate.

A recently published study by Shehata et al.[264] showed
that glyphosate residues can be found in the organs and
muscles of chickens that consume glyphosate in their
feed, including the liver, spleen, lung, intestine, heart,
and kidney. All animals fed a diet contaminated by
glyphosate would be subject to such bioaccumulation
due to the molecule’s ability to act as an attaching
ligand. Feed supplementation with humic acid was able
to significantly reduce the glyphosate burden in tissues.
A recent paper by Nevison[202] investigated temporal
trends in autism since 1988 to assess to what degree
the recent observed rate increases are due to increased
diagnosis versus increased incidence. She concluded that
increased incidence accounts for 75–80% of the tracked
increase. She also investigated trend lines for a variety of
environmental toxicants potentially implicated in autism.
She wrote in the abstract: “Among the suspected toxins
surveyed, polybrominated diphenyl ethers, aluminum
adjuvants, and the herbicide glyphosate have increasing
trends that correlate positively to the rise in autism.”
As we have stated earlier, glyphosate and aluminum are
synergistically toxic.
There has been very little testing of glyphosate levels in
either humans or other mammals. Glyphosate is passed
in both the urine and the feces. Recent research from
Europe has shown that glyphosate is consistently present
in significant amounts in the urine of cows consuming
Roundup®-Ready feed, as well as in the organs and meat
of cattle.[153] Furthermore, they also detected glyphosate
in the urine of humans, and the generally healthy
population had significantly lower levels than the sick
population. Those consuming a predominantly organic
diet also had a significantly lower glyphosate burden.
Another study found detectable levels of glyphosate
in lungs, liver, kidney, brain, gut wall, and heart of
malformed euthanized 1-day-old Danish piglets, and the
authors proposed that glyphosate could be the cause of
the deformities.[155]
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Commentary
Glyphosate-based herbicides (GBH) are the major
pesticides used worldwide. Initially patented as a metal
ion chelator, glyphosate rapidly jumped to a leading
position as an active ingredient of commercial pesticides
from the 1970s when Monsanto discovered its herbicidal
activities. The herbicidal mode of action of glyphosate is
primarily to inhibit the shikimic acid pathway,[2] causing a
shortage of aromatic amino acids. Since this biochemical
pathway does not exist in vertebrates, it is generally
assumed that glyphosate is safe for mammals, including
humans.[8] As a consequence, GBH are used in private
gardens, city parks and along roads and railway lines, as
well as within an agricultural context on food and feed
crops. All these diverse applications of GBH have resulted
in escalating levels of human exposure and thus body
burden.
Glyphosate is an aminophosphonic analog of glycine. The
fact that glycine and other amino acids like glutamate
function as neurotransmitters and play a crucial role in
brain function, makes the potential neurotoxic effects
of glyphosate a matter of concern.[5] The potential of

glyphosate to act as a neurotoxin is further supported
by its structural similarity to the glutamate receptor
agonist 2-amino-3-phosphonopropionic acid. Indeed,
GBH exposure induces glutamate excitotoxicity through
L-VDCC and NMDA receptor activation in immature
rat hippocampus, by reducing glutamate uptake
and metabolism within glial cells, and by increasing
glutamate release in the synaptic cleft.[3] However, the
lack of esterase inhibition by glyphosate (the neurotoxic
mechanism of most organophosphate compounds), was
considered by regulatory authorities as sufficient grounds
to avoid having to undertake a complete assessment of
glyphosate’s neurological effects.[6]
The most recent reevaluation of the acceptable daily
intake (ADI) for glyphosate within the European
Union (EU) conducted by the German regulatory
agency (BfR), states that this has been determined
by
scrutiny
of
approximately
450
regulatory
toxicological studies and 900 publications from the
scientific literature.[4] Based on the review of all these
investigations, the BfR concluded that the “no observed
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adverse effect level” of glyphosate was in the region of
30–50 mg/kg body weight (bw) per day in rats and the
ADI was thus calculated at 0.5 mg/kg bw/day, which
constitutes a recommended increase from the current
0.3 mg/kg bw/day. However, these glyphosate ADI values
have previously been challenged as review of the same
studies and especially extending to feeding studies in
animals other than rats, suggested that the current ADI
of 0.3 mg/kg bw/day was at least three times higher than
what the data suggest should be the case.[1] Nevertheless,
with a review of such a relatively large number of studies
by the official regulatory authorities, the assessment of
the toxicological effects of glyphosate is being considered
as complete. The notional strength of glyphosate’s safety
profile has also resulted in it being neglected in some
national wide-scale toxicity testing schemes such as the
U.S. Environmental Protection Agency (EPA) ToxCast
program.
However, a debate continues as to the soundness
of this BfR-led assessment as the studies taken into
account were performed with an experimental design
adapted to the study of poisoning effects based on
the principle of “the dose makes the poison”; that is,
the higher the dose the greater the poisoning effect.
Of major concern is that none of the studies referred
to incorporated testing principles derived from a
contemporary understanding of (neuro) endocrinology
or developmental epigenetics.
In the classic theory of toxicology, as applied for the
study of glyphosate toxicity at a regulatory level, a
nontoxic threshold is evidenced by decreasing the level
of exposure and assuming that toxic effects observed are
a linear response to the dose. Lower doses corresponding
to environmental exposures are assumed to be safe and
are not tested. However, in contrast to a classical poison,
an endocrine disruptive chemical (EDC) will alter the
functioning of hormonal systems and induce adverse
effects at various dosage levels. Such EDC effects will,
in some cases, occur in a nonlinear (non-monotonic)
manner at environmentally relevant levels of exposure and
will not be observed at higher doses. In addition and not
surprisingly, EDC effects can be sex-specific in nature. Such
nonmonotonic and sex-specific EDC effects have been
extensively described for common pollutants.[7] Although
nonmonotonic and sex-specific effects have been reported
in many cases with GBH, the regulatory authorities
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considered these as false positive outcomes rather than a
suggestion of potential EDC effects.[4]
Major endpoints of toxicity such as neurodevelopmental,
reproductive, and transgenerational effects in humans
still needs to be investigated at the glyphosate ADI
and other concentrations reflective of human levels
of exposure. Given its increasing wide-scale use and
consequent rise in exposure, we urgently call for greater
research efforts on the toxicology of glyphosate and its
commercial herbicide formulations, as well as pesticide
neurodevelopmental effects in general. Furthermore,
pesticide combinatorial (additive or synergistic) effects
remain a poorly investigated subject and area of concern
that needs to be addressed. Such studies are particularly
relevant to the brain since it is physiologically dependent
on neurosteroids, making it potentially very sensitive to
endocrine disruptive compounds.
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Abstract
$VLJQL¿FDQWGHJUDGDWLRQLQWKHKHDOWKRIZLOGDQLPDOVLQ0RQWDQDKDVEHHQUHFRUGHGRYHUWKHSDVWWZRGHFDGHV
:H VXUPLVH WKDW WKH KHDOWK LVVXHV DUH UHODWHG WR SHVWLFLGH H[SRVXUH :H SUHVHQW VRPH RI WKH HYLGHQFH RI WKH
GHWHULRUDWLRQRIWKHKHDOWKLQZLOGOLIHZKLFKZHXVHGWRLQVSLUHLQYHVWLJDWLRQVRQKXPDQKHDOWKLQWKH86SRSXODWLRQ
:KLOH WKH DQLPDOV¶ H[SRVXUH LV WKURXJK IRRG ZDWHU DQG DLU ZH EHOLHYH WKDW KXPDQ H[SRVXUH LV SUHGRPLQDQWO\
WKURXJKIRRGDVWKHPDMRULW\RIWKHSRSXODWLRQGRHVQRWUHVLGHQHDUDJULFXOWXUDO¿HOGVDQGIRUHVWV
:HKDYHREWDLQHG86JRYHUQPHQWGDWDRQSHVWLFLGHXVDJHDQGRQKXPDQGLVHDVHSDWWHUQVRYHUWLPHIURPWKH
KRVSLWDOGLVFKDUJHGDWD6LQFHJO\SKRVDWHLVE\IDUWKHPRVWZLGHO\XVHGKHUELFLGHZHEHOLHYHLWWREHD
PDMRUVRXUFHRIFRQWDPLQDWLRQIRUKXPDQV&RUUHODWLRQVEHWZHHQJO\SKRVDWHXVDJHDQGVSHFL¿FKHDOWKLVVXHVDORQJ
ZLWKWKHNQRZQWR[LFRORJ\SUR¿OHRIJO\SKRVDWHREWDLQHGIURPWKHOLWHUDWXUHUHÀHFWDSODXVLEOHFDXVDOUHODWLRQVKLS
%HFDXVHPXFKRIWKHZLOGOLIHGDWDLVIURPGHHUIDZQVPRVWRIWKHKXPDQGDWDSUHVHQWHGKHUHLQYROYHQHZERUQ
LQIDQWV EXW ZH DOVR SUHVHQW VRPH GDWD IRU FKLOGUHQ  \HDUV ROG DQG IRU WKH IXOO SRSXODWLRQ H[FHSW QHZERUQ 
:H IRXQG PDQ\ GLVHDVHV DQG FRQGLWLRQV ZKRVH KRVSLWDO GLVFKDUJH UDWHV PDWFK UHPDUNDEO\ ZHOO ZLWK WKH UDWH RI
JO\SKRVDWHXVDJHRQFRUQVR\DQGZKHDWFURSV7KHVHLQFOXGHKHDGDQGIDFHDQRPDOLHV 5  QHZERUQH\H
GLVRUGHUVQHZERUQEORRGGLVRUGHUV 5  QHZERUQVNLQGLVRUGHUV 5  O\PSKGLVRUGHUVLQFKLOGUHQ
5  DQGLQWKHJHQHUDOSRSXODWLRQH[FHSWQHZERUQ 5  FRQJHQLWDOKHDUWFRQGLWLRQVLQQHZERUQV 5  
HQODUJHGULJKWYHQWULFOHLQDOODJHJURXSVH[FHSWQHZERUQ 5  QHZERUQOXQJSUREOHPV 5  SXOPRQDU\
EOHHGLQJDQGHGHPDIRUDOODJHJURXSVH[FHSWQHZERUQ 5  OLYHUFDQFHUIRUDOODJHJURXSVH[FHSWQHZERUQ
5  QHZERUQPHWDEROLFGLVRUGHUV 5  DQGQHZERUQJHQLWRXULQDU\GLVRUGHUV 5  

Keywords: Glyphosate; Brachygnathia; Hypothyroidism; Congenital
heart defects; Thymus; Lymphedema; Hepatic carcinoma; Hypospadias;
Genitourinary disorders

Xu et al. [4] discloses pesticide compositions, especially storagestable herbicidal concentrates, containing oxalic acid and glyphosate
that allegedly exhibit enhanced efficacy due to the addition of oxalic

Introduction
One of the promises assured with genetically engineered (GE)
herbicide-resistant crops was that they would require many fewer
pesticides, providing a more sustainable agricultural option. Several
GE crops, including cotton, canola, corn, soy, sugar beets and alfalfa,
are engineered to withstand direct application of glyphosate, the active
ingredient in the pervasive herbicide, Roundup. As a result of the
widespread acceptance of GE crops, the increasing practice of using
glyphosate for pre-harvest dry-down in grains and legumes, along with
the emergence of glyphosate-resistant weeds, the use of glyphosate has
skyrocketed since 1996 [1-3].
With the exception of glyphosate, pesticide use on crops was
indeed reduced for the first 5 or 6 years after the introduction of these
GE crops. Then something happened after about 2002, resulting in a
steep increase in glyphosate and 2,4-D applications on corn, soy and
potato, along with an increase in dicamba on wheat. This coincides
with a steep increase in the number of confirmed cases of glyphosateresistant weeds [1] as shown in Figure 1.
The active ingredient in the pesticides is usually an acid. To make
the pesticides more water soluble and therefore easier to package and
distribute, they are chemically altered into a salt or ester formulation.
Various salt formulations include isopropylamine, diammonium,
monoammonium, or potassium as the cation. Adjuvants are
increasingly added to enhance the efficacy of the herbicides,
particularly with the advent of the glyphosate-resistant weeds. One
adjuvant is oxalic acid or an oxalate salt (potassium oxalate, e.g.)
added to the stable salt formulations. For example, a 2006 patent by
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Figure 1:*O\SKRVDWHDSSOLFDWLRQVWRFRUQVR\DQGFRWWRQDORQJZLWKWKH
DGYHQWRIJO\SKRVDWHUHVLVWDQWZHHGV
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Table 1: 6DOWDQG(VWHU)RUPXODWLRQVRI3HVWLFLGHV

acid. The hypothesis presented for its effect is that it increases cell
membrane permeability, suppresses oxidative burst, or increases
expression of hydroxyproline-rich glycoproteins. However, it is
also likely that it inhibits the breakdown of glyphosate, since oxalate
inhibits the breakdown of glyoxylate, which is a disintegration product
of glyphosate [5]. This would lead to an accumulation of glyoxylate,
a strong glycating agent that would damage membrane fatty acids,
explaining the increase in membrane permeability [6]. This patent also
discloses that a variety of surfactants, including amines, amine oxides
and quaternary ammonium compounds, can be used in combination
with oxalic acid for pesticide compositions.
Manufacturers of pesticides do not disclose the adjuvants and
surfactants used in any of their products, claiming that they are trade
secrets. Only the formulation of the active ingredient can be traced.
Table 1 shows the various formulations for 2,4-D, dicamba and
glyphosate and when they first appeared in the USDA survey data.
When they initially appeared, salts were a small percentage of the
total amount of pesticides applied, but within a couple of years (by
2006) nearly all of the applications for a given herbicide were salt
formulations. In the pesticide data shown in Figures 2-7, arrows have
been superimposed on the graphs indicating when salts were first used
and again when nearly all of the formulations used were salts.
One of us (Hoy) has been documenting congenital malformations
in Montana wildlife for the past 19 years. In this paper, we present
documentation of wildlife deformities and evidence of organ damage.
In addition, we obtained corresponding data for human congenital
malformations and diseases in newborn infants, along with diseases
in children 0-15, and all age groups (except newborn) from the US
hospital discharge data. Finally, we obtained pesticide application
data on selected crops from the USDA. We show that congenital
malformations and wildlife diseases follow the trends for dicamba, 2,4D, chlorothalonil and glyphosate use. We also show that congenital
malformations and other diseases in humans follow the trends in
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Figure 2:+HUELFLGHDSSOLFDWLRQVWRFRUQ6FDOHYDULHVIRUHDFKDVLQGLFDWHG
LQWKHOHJHQG*O\SKRVDWHVDOWVZHUH¿UVWDSSOLHGLQDOPRVWH[FOXVLYHO\
DSSOLHGE\'LFDPEDVDOWVZHUH¿UVWDSSOLHGLQDOPRVWH[FOXVLYHO\
E\(37&DQGDODFKORUDSSOLFDWLRQVKDYHVWHDGLO\GHFUHDVHGEHFRPLQJ
QHJOLJLEOH E\  QRW VKRZQ   $WUD]LQH DSSOLFDWLRQV WR FRUQ FURSV KDYH
UHPDLQHG DSSUR[LPDWHO\ FRQVWDQW DW DERXW  PLOOLRQ SRXQGV DOVR QRW
VKRZQ 

glyphosate use. We hypothesize that the primary exposure route for
humans is through food, whereas the primary exposure for animals is
not only food but also direct exposure through air and water. Some of
these conditions show a steep increase at the same time that the switch
to the salt formulations of the herbicides was made.

Data Collection Methods
Pesticides
The United States Department of Agriculture National Agricultural
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errors (reported as standard errors) are small (<5%) in both the PAT
and the application rate if the PAT is greater than 50%. Sampling errors
are 5-10% if the PAT is between 10-50%, while the sampling errors are
10-100% if the PAT is <10%. The PAT for chlorothalonil on potato has
exceeded 50% since 1994. The PAT for glyphosate on soy has exceeded
50% since 1998. The PAT for glyphosate on corn has exceeded 50%
since 2006. The PAT for 2,4-D on spring wheat exceeds 50% over the
entire data range. The PAT for dicamba ranges between 20% and 55%
for spring wheat. By 2006, the PAT for glyphosate on spring wheat was
31%, durum wheat was 48% and winter wheat was 15%. Details on the
PAT with glyphosate on corn and soy can be found in [3].

Wildlife

Figure 3:*O\SKRVDWHDQG'DSSOLFDWLRQVWRVR\6FDOHYDULHVIRUHDFKDV
LQGLFDWHGLQWKHOHJHQG*O\SKRVDWHVDOWIRUPXODWLRQVEHJDQWREHDSSOLHGWRVR\
LQDOPRVWH[FOXVLYHO\E\

Wild ruminates were the primary animals studied. The study
area where white-tailed deer (Odocoileus virginianus) were examined
is Ravalli County, in the far western portion of Montana. The north
flowing Bitterroot River forms the Bitterroot Valley (BV) located

Figure 5: *O\SKRVDWH GLFDPED DQG ' DSSOLFDWLRQV WR VSULQJ ZKHDW
H[FHSWGXUXP %\QHDUO\DOORIWKHJO\SKRVDWHDQGGLFDPEDZHUHVDOW
IRUPXODWLRQV6FDOHYDULHVIRUHDFKDVLQGLFDWHGLQWKHOHJHQG
Figure 4: *O\SKRVDWH GLFDPED DQG ' DSSOLFDWLRQV WR ZLQWHU ZKHDW  %\
QHDUO\DOORIWKHJO\SKRVDWHDQGGLFDPEDZHUHVDOWIRUPXODWLRQV6FDOH
YDULHVIRUHDFKDVLQGLFDWHGLQWKHOHJHQG

Statistics Service (USDA:NASS) maintains a database of US crops.
Every year they randomly select fields of certain crops and send surveys
to the persons who manage those fields. Among other things, they ask
what herbicides were used, the application rate and how many times
was it applied. Surveys are only sent to the states that are the major
producers of a given crop, usually accounting for about 90% of the total
US acreage planted in that crop. They then perform a statistical analysis
and report the total acreage planted, the Percentage of Acres Treated
(PAT) with each herbicide for that crop and the application rate per
acre per year. One can then calculate the total amount of an herbicide
that was applied to that crop in the survey states for that year.
Data files containing the information for pesticide applications are
available from 1990-2012 [7]. We extracted the data for glyphosate,
2-4,D, dicamba, chlorothalonil, ETPC (S-Ethyl Dipropylthiocarbamate),
atrazine and alachlor applications to corn, soy, potato and wheat crops.
Sampling errors for the pesticide application data were less than 5% for
most of the pesticides over most of the time period examined. Sampling
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Figure 6 *O\SKRVDWH GLFDPED DQG ' DSSOLFDWLRQV WR GXUXP ZKHDW  %\
QHDUO\DOORIWKHJO\SKRVDWHDQGGLFDPEDZHUHVDOWIRUPXODWLRQV6FDOH
YDULHVIRUHDFKDVLQGLFDWHGLQWKHOHJHQG
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extreme anterior of the maxillary pad and the top edge of the central
lower incisors was measured in millimeters on all examined whitetailed deer fawns each year from spring of 1995 through spring of 2014.
The heart and lungs were examined on all necropsied deer, both
adults and fawns. The severity of the enlargement of the right ventricle
of the heart on each deer was designated with a number beginning
with 0 for hearts with no enlargement (normal) to 3 for a severely
enlarged right ventricle. Similarly, the inflammation of the lungs was
recorded with 0 being normal, and 1 through 3 designating the severity
of inflammation, and 4 to designate that the animal had died of a
hemorrhage in the lungs.

Figure 7:3HVWLFLGHVDSSOLHGWRSRWDWRFURSV%\DOORIWKHJO\SKRVDWHZDV
DVDOWIRUPXODWLRQ6FDOHYDULHVIRUHDFKDVLQGLFDWHGLQWKHOHJHQG

between the Bitterroot Mountains on the west and the Sapphire Range
on the east. Riparian vegetation along the river and its tributaries
provide cover close to feeding areas in fields for herds of white-tailed
deer.
There are two major highways running north and south through
the valley on each side of the Bitterroot River, with a network of
secondary roads throughout the BV. With the exception of hunting,
encounters with vehicles, fences and dogs account for the majority of
RC white-tailed deer mortalities.
White-tailed deer that were accident-killed or had been euthanized
due to injuries were examined post-mortem from 1995 through
2014. Age, sex, date of examination and several body measurements,
including measurement of the mouth and bite and the size of the
male sex organs on the external skin were recorded for each animal.
In addition, the condition of the heart (normal or enlarged right
ventricle) and the lungs (degrees of inflammation symptoms) were
recorded. On necropsied newborns, the condition of the thymus was
also documented. The year of birth of each white-tailed deer was
determined by examining the tooth eruption as outlined by Mosby [8].
Additionally, the following were examined and observations recorded:
the conjunctiva of the eyes for blepharitis, the teeth, limbs and hooves
for abnormalities.
In addition to white-tailed deer carcasses, heads from hunterkilled white-tailed deer, elk (Cervis canadensis), mule deer (Odocoileus
hemionus), bighorn sheep (Ovis canadensis), moose (Alces alces) and
pronghorn antelope (Antilocapra americana) were examined from
animals harvested throughout Montana and surrounding states.
Domestic ruminants examined for jaw malocclusions included
newborn domestic goats (Capra aegagrus hircus) in 2009 and heads from
newborn and butchered domestic beef cattle (Bos taurus) between 2007
and 2009. Malformations on other vertebrate species were documented
with photographs and date of observation. Birth defects were observed
on individuals of multiple bird species and on three individuals of the
western toad (Bufo boreas). Examples of recent eye malformations and
liver tumors on various vertebrates were documented with photos.
To quantify brachygnathia superior (BS, or under bite) and
mandibular brachygnathia (MB, or overbite), the distance between the
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To quantify the genital hypoplasia on male fawns, a measurement
from the body wall to the tip of the penis sheath and a measurement
of the scrotum from the body wall to the lowest point on the scrotum
were taken. To document the misalignment of the hemiscrota, the
length from anterior to posterior and the width from side to side of
the scrotum were measured. The length of the testes was measured for
comparison with the hemiscrota length. Whether the testes were in the
hemiscrota or partly or completely ectopic was recorded.
In addition, a study of genital hypoplasia and shortened urogenital
distance in male eastern fox squirrel (Sciurus niger) populations in
Northern Ravalli County, MT is currently in progress. There appear
to be significant numbers of similar reproductive defects on examined
males of several other Western Montana rodent species, including
deer mouse (Peromyscus manipulates), house mouse (Mus musculus),
red squirrel (Tamiasciurus hudsonicus), northern flying squirrel
(Glaucomys sabrinus), yellow pine chipmunk (Eutamias dorsalis) and
yellow-bellied marmot (Marmota flaviventris).

Humans
Hospital discharge data, containing diagnoses collected from
hundreds of hospitals by the United States Centers for Disease Control
and Prevention (CDC) can give a snapshot of disease trends over
time. These data are available for free download from the Web. Raw
data files were available from 1998 through 2010. We downloaded
the files and documentation from the CDC website. Each data file
contains thousands of discharge records collected from hospitals using
a statistically random sampling procedure [9]. The records contain
information about the age, sex, race, geographic location and diagnoses
for each discharge. The diagnoses are recorded by the International
Classification of Diseases, Ninth Revision (ICD-9) codes. Up to seven
diagnostic codes can be recorded for each discharge, with the first listed
being the primary reason for hospital admission. We included in the set
for any particular ICD-9 code any event which mentioned that code as
one of the diagnostic codes for the event; i.e., we did not treat the firstmentioned code in any special way.
A computer program was written to query the data file for specific
ICD codes for each year. We were interested in disease trends for three
distinct age groups: (1) infants (<6 days old), (2) children (6 days–15
years old), and (3) all ages except infant (6 days–100 years old). A rate
of increase, as an estimate of prevalence, over time for each particular
diagnosis was obtained as follows:
â = a * T / (t * P)
where â is the normalized hospital discharge rate for a disease in a year;
a is the total number of the hospital discharge records of the disease in
the year computed from the raw files; T represents the total number
of hospital discharges in that year in the US; t is the total number of
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hospital discharge records in the sampled hospitals in that same year,
which is computed from the raw files; and P is the total population
in the US for that year. Population estimates were obtained from the
CDC. For the newborn data, we assumed that T/P = 1, i.e. the number
of hospital discharges for newborns was equal to the population of
newborns.
Using the information in the CDC documentation, we calculated
some of the standard errors in these data. The standard errors for
the general population were all less than 10%. The largest standard
errors were for the acquired hypothyroidism in children, which
ranged between 22%-37%. Standard errors for newborns could not be
calculated because they were not included in the CDC tables.

Results
US trends in pesticide usage
With the exception of glyphosate, pesticide use on crops decreased
for the first 5 or 6 years after the introduction of GE crops in 1996.
Survey data from the US Department of Agriculture [7] show that the
use of 2,4-D and dicamba on corn steadily decreased starting about
1996 as shown in Figure 2. Applications of EPTC and Alachlor also
decreased, but the use of Atrazine has remained constant. The use of
2,4-D on soy also started decreasing in 1996 as shown in Figure 3. In the
meantime, glyphosate was being promoted as a pre-harvest treatment
to grain, dried pea and bean, and potato crops for more even ripening,
dry-down and pre-harvest weed control [10]. The use of 2,4-D and
dicamba on wheat decreased, being replaced by glyphosate starting
in early to mid 1990s (Figures 4-6). With the exception of fungicides
used for potato blight, pesticide applications to potatoes were also
decreasing (Figure 7).
After about 2002, there was a steep increase in glyphosate and 2,4-D
applications on all of these crops, along with an increase in dicamba on
wheat. This coincides with a steep increase in the number of confirmed
cases of glyphosate-resistant weeds as shown in Figure 1.
As seen in the Figures, not all crop data were reported for all
years. Data for glyphosate applications to corn, soy and wheat were
interpolated as outlined in [3] and the results are shown in Figure 8.

Pesticide use in the region of interest
Prior to 1994, there was extensive use of multiple herbicides and

Figure 8: 7RWDO JO\SKRVDWH ' DQG GLFDPED DSSOLHG WR ZKHDW FRUQ DQG
VR\FURSVFKORURWKDORQLODSSOLHGWRSRWDWRFURSV*O\SKRVDWHGDWDKDVEHHQ
LQWHUSRODWHG'DWDIRUGLFDPEDDQG'ZHUHQRWDGGHGLQWKH\HDUVZKHQ
GDWDZHUHQRWUHSRUWHG
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other pesticides, especially 2,4-D and dicamba, on wheat, potato and
other crops in Idaho, Washington, Oregon and other states upwind
of Western Montana as shown in Figures 7 and 8. Glyphosate was
also being used prior to 1994, and its use has increased significantly
since 1996. The formulation for glyphosate and other commonly used
herbicides applied during the growing seasons in 2006 and 2007 and
since was changed to salt formulations [4] (we hypothesize that oxalic
acid was introduced with these salts as an adjuvant, but this can not be
confirmed).
In addition to glyphosate, 2,4-D and Dicamba as shown in Figure 8,
other pesticides were widely used in Western United States prior to 1994,
including picloram, atrazine and several organochlorine herbicides.
Multiple fungicides were used on over 500,000 acres of potato fields
in Idaho, Washington and Oregon. Many types of insecticides were
also used in Western Montana and states upwind long before 1994.
Even with this extensive exposure to multiple wind drift and locally
applied pesticides, almost no birth defects were observed or reported
on developing young in Western Montana until 1995. An epidemic of
multiple birth defects began being observed on many individuals of
domestic and wild animals born that spring [10,11], with a significant
increase in many of the birth defects over the study period, despite
substantial annual variability.

Development and health issues in wild animals and humans
In the case of the ungulates, we tabulated frequencies of multiple
developmental defects as discussed in the Methods section, and noted
a general pattern consisting of a high rate of disease early in the study
period, a gradual decline until around 2006 and then a generally rising
trend subsequently. This is consistent with the trends in pesticide use
shown in Figures 2-8. We hypothesize that chlorothalonil on potatoes,
along with dicamba and 2,4-D on the other crops, may contribute
significantly to the early disease patterns in wildlife, whereas glyphosate
is a major factor in the later rise in observed frequency.
We sought human data on disease trends in the hospital discharge
data that would correspond as much as possible with the observed
defects in the wild animals. This was not always easy, as jaw malocclusion
is not reported explicitly in the database, nor is genital malformations.
However, there are several malformations of the lower face that are
tracked, such as dent facial anomalies (ICD 526), diseases of the jaws
(ICD 527), diseases of the salivary glands (ICD 527) and diseases of the
oral soft tissues (ICD 528), whose trends can be compared with those
observed in the animals with jaw malformations. The plot we obtained
for human urogenital disorders encompasses hydrocele (watery fluid
around one or both testicles, ICD 778.6); hypospadias (ICD 752.6);
and hydronephrosis -- obstruction of urine flow (ICD 591), and other
disorders of the kidney and ureter (ICD 593). Thyme involution and
dysfunction, notable in postmortem examination of the wild animals,
is not normally indicated in ICD-9. Although a code exists for diseases
of the thymus (254.8), it is almost never used (only 2 cases among the
infant and newborn data in our data set). However, T-lymphocytes
mature within the thymus gland, so its impairment can be reasonably
linked to immune system disorders. In most other cases, such as
the organ tumors, eye deformities, skin disorders, liver cancer and
metabolic issues documented on wild and domestic animals, a more
direct comparison was possible.
Our results are illustrated in Figures 9-32, and are discussed
below in more detail. In addition to plots where we superimpose time
trends for human data or wild animal data with pesticide usage, we
also provide photos taken of a variety of wild and domestic animals
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facial bones of ungulate species, has been photographed in countries
around the world and posted on the Internet, usually labeled as under
bite. In Montana and throughout the United States, wild and domestic
ungulate species appear to have an extremely high prevalence of BS,
including our main study species, white-tailed deer [11] as shown in
the photos in Figure 9. The percentage of white-tailed deer with BS has
increased significantly in this region since 1995, as shown in Figure 10.
Figure 10 also shows the prevalence of head, face and musculoskeletal
anomalies in newborn infants superimposed with glyphosate
applications to wheat, corn and soy crops. The newborn data correlate
with glyphosate usage with a Pearson correlation coefficient of R=0.947.
Figure 9: %UDFK\JQDWKLDVXSHULRUDQGZLGHORZHULQFLVRUVRQUXPLQDQWVSHFLHV
$:KLWHWDLOHGGHHUIDZQVNXOO%0XOHGHHUIDZQVNXOO&(ONFDOIVNXOO'
$GXOWPDOHELJKRUQVKHHSVNXOOVKRZLQJVKRUWQDUURZSUHPD[LOODU\ERQH(
'RPHVWLFEHHIFDOIVNXOO)6NXOORIDQDGXOWPDOHGRPHVWLFJRDW

We also noticed that trends in hypothyroidism in children aged
0-15 were rising, and that these patterns aligned very well with the
data on brachygnathia in wild animals, both exhibiting a sharp peak
in 2007 (Figure 11) approximately coincident with the changeover
to salt formulations in the herbicides. Congenital hypothyroidism is
common, and it is linked to other congenital disorders, for example
hearing loss [12] and renal and urinary tract disorders [13]. According
to Kumar, et al. [13], “Congenital hypothyroidism is the most common
congenital endocrine disorder, affecting 1 in 3000 to 4000 newborns.
Its incidence has increased 138% from 1978 to 2005 in New York State
and 73% in the US from 1987 to 2002.”

Disorders of the eyes
Figures 12 and 13 depict eye disorders in wild animals and
humans respectively. Figure 12 illustrates several cases of various eye
deformities in black-billed magpies (Pica hudsonia), great horned owls
(Bubo virginianus), a western toad (Bufo boreas), a pygmy goat, and
severe blepharitis on a white-tailed deer fawn that were documented
by Hoy.
Figure 13 shows the time trends of congenital disorders of the eye
Figure 10: &RPSDULVRQ RI KRVSLWDO GLVFKDUJH UDWHV IRU FRQJHQLWDO IDFLDO
DQRPDOLHV ZLWK JO\SKRVDWH DSSOLFDWLRQV 7KH JUDSK VKRZV WKH SHUFHQWDJH
RI ZKLWHWDLOHG GHHU IDZQV ZLWK EUDFK\JQDWKLD VXSHULRU IURP 
FRQJHQWLDOIDFLDODQGPXVFXORVNHOHWDODQRPDOLHVDQGJO\SKRVDWHDSSOLFDWLRQV
WRZKHDWFRUQDQGVR\FURSV7KH3HDUVRQFRUUHODWLRQFRHI¿FLHQWEHWZHHQWKH
QHZERUQDQRPDOLHVDQGJO\SKRVDWHDSSOLFDWLRQVLV5 

Figure 11:+RVSLWDOGLVFKDUJHUDWHVIRUK\SRWK\URLGLVPLQFKLOGUHQVXSHULPSRVHG
ZLWKWKHSHUFHQWDJHRI:7'ZLWKEUDFK\JQDWKLDVXSHULRU

exhibiting pathologies (Figures 9, 12, 14, 16, 18, 20, 24, 26 and 27).

Congenital head and facial malformations
Brachygnathia superior (BS), the underdevelopment of the upper
Poult Fish Wildl Sci
ISSN: 2375-446X PFW, an open access journal

Figure 12: 5HFHQW H\H PDOIRUPDWLRQV LQ YHUWHEUDWHV $ %ODFNELOOHG 0DJSLH
ÀHGJOLQJ VKRZLQJ D QRUPDOVL]HG H\H % %OLQG %ODFNELOOHG 0DJSLH ÀHGJOLQJ
ULJKW H\H ERWK H\HV ZHUH XQGHUGHYHORSHG & $GXOW  ZHVWHUQ WRDG ZLWK
ULJKW H\H QRW IRUPHG DQG OHIW H\H QRUPDO ' 3\JP\ JRDW ERUQ LQ  ZLWK
VPDOOH\HPDOIRUPHGH[WHUQDOHDUDQG%6(7KHQRUPDOOHIWH\HDQGH\HOLGV
RID*UHDW+RUQHG2ZO *+2: )8QGHUGHYHORSHGOHIWH\HZLWKPDOIRUPHG
H\HOLGV DQG SXSLO RQ  KDWFK \HDU *+2:   * )DFH RI D  ÀHGJOLQJ
*+2: VKRZLQJ WKH PDOIRUPHG OHIW SXSLO DQG PDOIRUPHG H\HOLGV RQ ERWK
H\HV + 7KH PDOIRUPHG OHIW SXSLO DQG H\HOLGV RI DQRWKHU  KDWFK \HDU
*+2:,7KHLQÀDPHGFRQMXQFWLYDRIDIHPDOH:7'IDZQDIWHUH[SRVXUHWR
HQYLURQPHQWDOWR[LQV
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There is no data in the hospital discharge records on the thymus.
However, since hematopoietic progenitor cells enter the thymus
from the blood and then multiply to generate a large population
of T-cells, there should be some relationship between thymus
impairment and diseases of the blood, especially white blood cells. We
combined the following newborn blood disorders: transient neonatal
thrombocytopenia (ICD 776.1), cutaneous hemorrhage of fetus or
newborn (ICD 772.6), diseases of white blood cells (ICD 288) and
nonspecific findings on examination of blood (ICD 790), to form the
plot shown in Figure 15. While these conditions are only indirectly
related to thymus problems, the trend is well matched to the rise in
glyphosate usage on crops (R=0.92; p<8.2E-5). Lymphatic disorders are
also rising in the human population, as discussed later in this section.

Newborn skin disorders
In recent years, observation of skin disorders, rash, blistering and
Figure 13:+RVSLWDOGLVFKDUJHUDWHIRUFRQJHQLWDOH\HGLVRUGHUVVXSHULPSRVHG
ZLWKSHVWLFLGHDSSOLFDWLRQVWRZKHDWFRUQDQGVR\FURSV(\HGLVRUGHUVLQFOXGH
FRQJHQLWDODQRPDOLHVRIH\HOLGVODFULPDOV\VWHPDQGRUELW ,&' GLVRUGHUV
RIFRQMXQFWLYD ,&' RWKHUGLVRUGHUVRIWKHH\H ,&' 

Figure 15:+RVSLWDOGLVFKDUJHUDWHVIRUQHZERUQEORRGGLVRUGHUVVXSHULPSRVHG
ZLWKJO\SKRVDWHDSSOLFDWLRQVWRZKHDWFRUQDQGVR\FURSV7KHEORRGGLVRUGHUV
DUHWUDQVLHQWQHRQDWDOWKURPERF\WRSHQLD ,&' FXWDQHRXVKHPRUUKDJH
RIIHWXVRUQHZERUQ ,&' GLVHDVHVRIZKLWHEORRGFHOOV ,&' DQG
QRQVSHFL¿F¿QGLQJVRQH[DPLQDWLRQRIEORRG ,&' 7KH3HDUVRQFRUUHODWLRQ
FRHI¿FLHQWLV5 

Figure 14:  1HZERUQ ZKLWHWDLOHG GHHU WK\PXV FRQGLWLRQV  $ DQG % 1RUPDO
WK\PXVFRORUDQGVKDSH&DQG'7K\PXVZLWKUHGVSRWVWKURXJKRXW(2GG
VKDSHGPRVWO\UHGWK\PXV)8QGHUVL]HGWK\PXVUHGWKURXJKRXW

in newborns, superimposed with pesticide applications to wheat, corn,
soy and potato crops. Eye disorders include congenital anomalies of
eyelids, lacrimal system and orbit (ICD 743.6), disorders of conjunctiva
(ICD 372), and other disorders of the eye (ICD 379). The pattern is
somewhat different from that of most other human disease trends we
have found, in that it more closely matches some of the time trends for
the animal data and the overall pesticide data, not glyphosate alone.

Congenital thymus malformations and impaired immune
system
On examined fawns of white-tailed deer, newborn domestic goats
and other newborn ruminants, BS and congenital defects of the thymus
(Figure 14) increased in spring of 2007 and have remained high since.
This is again approximately coincident with the changeover to salt
formulations in the herbicides.

Poult Fish Wildl Sci
ISSN: 2375-446X PFW, an open access journal

Figure 16: 6NLQ GLVRUGHUV RQ ZLOG DQG GRPHVWLF PDPPDOV  $ /DUJH EOLVWHUV
DW WKH EDVH RI WKH ULJKW HDU RQ D PDOH :7' IDZQ ERUQ  % +DLU ORVV
RQ VKRXOGHUV VLGHV DQG KLQG OHJV RI D IHPDOH :7' IDZQ DIWHU H[SRVXUH WR
HQYLURQPHQWDOWR[LQVERUQ&0DOH:7'IDZQLQQHUHDUVNLQZLWKFKHPLFDO
EOLVWHULQJ ERUQ  ' <RXQJ PDOH HDVWHUQ IR[ VTXLUUHO¶V OHIW HDU VKRZLQJ
VHYHUHFKHPLFDOVNLQEOLVWHUVLQ($GXOWIHPDOHGRJZLWKFKHPLFDOEOLVWHUV
VXPPHU)$GXOWIHPDOH:7'ZLWKPXOWLSOHVNLQJURZWKVLQ0D\
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skin tumors have been increasing on birds and wild and domestic
mammals (Figure 16). We consequently examined data for skin
disorders on humans. Figure 17 shows newborn skin disorders and skin
disorders for the general population superimposed with glyphosate
applications to wheat, corn and soy crops. The newborn skin disorders
include: atopic dermatitis (ICD 691); pilonidal cyst (ICD 685);
erythema and urticarial (ICD 778.8); vascular hamartomas (benign
tumors) (ICD 757.32); pigment anomalies (ICD 757.33); unspecified
deformities of hair, skin and nails (ICD 757.9); and meconium staining
(ICD 779.84). The Pearson correlation coefficient with glyphosate
usage is R=0.963. Skin disorders for the general population include:
rash, swelling and changes in skin tone and texture (ICD 782); eczema
(ICD 692); and psoriasis (ICD 696). The Pearson correlation coefficient
with glyphosate usage is R=0.899.

Lymphatic disorders in the non-newborn populations
The thymus regulates the immune system; therefore, any problems
with the thymus will result in a compromised immune system. The
human lymphatic disorders, in particular, dramatically increased in
2007 at the same time that almost all of the glyphosate was being used
as a salt formulation.

Figure 18::KLWHWDLOHGGHHUKHDUWFRQGLWLRQVUDQNHGIURP1RUPDOKHDUW
 6OLJKWO\ HQODUJHG ULJKW YHQWULFOH   0RGHUDWHO\ HQODUJHG ULJKW YHQWULFOH 
6HYHUHO\ HQODUJHG ULJKW YHQWULFOH  'LODWHG O\PSKDWLF YHVVHOV RQ KHDUW VXUIDFH
RI QHZERUQ IDZQ DQG FORVHXS RI GLODWHG O\PSKDWLF YHVVHOV RQ QHZERUQ IDZQ
&RUUHVSRQGLQJQXPEHUVZHUHXVHGLQWKH¿HOGWRUHFRUGWKHSUHVHQFHRUVHYHULW\
RIDQ\DEQRUPDOKHDUWFRQGLWLRQREVHUYHG

In conjunction with the increase in birth defects after spring
of 1995, necropsied wildlife and domestic ruminants of all ages had
various degrees of dilation of the lymphatic vessels on the surface of
their hearts. The lymphatic vessels on hearts, especially of newborns,
were more severely affected beginning in 2007, as illustrated by the
last two photos of fawn hearts shown in Figure 18. Data for humans
were examined for similar effects on the lymphatic system. The increase
in lymphatic disorders among humans is not restricted to the infant
population. Figure 19 shows the hospital discharge rate for children
aged 0-15 with lymphatic disorders, superimposed with glyphosate
applications to wheat, corn and soy crops. The disorders include:
lymphedema (ICD 457), lymphocytosis (ICD 288.6), and Castleman’s
disease (angiofollicular lymph node hyperplasia) (ICD 202). The

Figure 19: +RVSLWDO GLVFKDUJH UDWHV IRU FKLOGUHQ ZLWK O\PSKDWLF GLVRUGHU DQG
O\PSKDWLF GLVRUGHU LQ WKH JHQHUDO SRSXODWLRQ VXSHULPSRVHG ZLWK JO\SKRVDWH
DSSOLFDWLRQVWRZKHDWFRUQDQGVR\FURSV7KHO\PSKDWLFGLVRUGHUVIRUFKLOGUHQ
DUHO\PSKHGHPD ,&' /\PSKRF\WRVLV ,&' &DVWOHPDQ¶VGLVHDVH
DQJLRIROOLFXODU O\PSK QRGH K\SHUSODVLD ,&'   7KH 3HDUVRQ FRUUHODWLRQ
FRHI¿FLHQW LV 5  7KH O\PSKDWLF GLVRUGHUV IRU WKH JHQHUDO SRSXODWLRQ
DUHO\PSKHGHPD ,&' /\PSKRF\WRVLV ,&' &DVWOHPDQ¶VGLVHDVH
DQJLRIROOLFXODU O\PSK QRGH K\SHUSODVLD ,&'   7KH 3HDUVRQ FRUUHODWLRQ
FRHI¿FLHQWLV5 

correlation coefficient is R=0.861. Figure 19 also shows the hospital
discharge rate of these same lymphatic disorders over the full age
range (except newborn). The correlation coefficient between this and
glyphosate applications to wheat, corn, and soy crops is R=0.885.
Figure 17: +RVSLWDO GLVFKDUJH UDWHV IRU QHZERUQ VNLQ GLVRUGHUV DQG VNLQ
GLVRUGHUVLQWKHJHQHUDOSRSXODWLRQVXSHULPSRVHGZLWKJO\SKRVDWHDSSOLFDWLRQV
WRZKHDWFRUQDQGVR\FURSV7KHQHZERUQVNLQGLVRUGHUVDUHDWRSLFGHUPDWLWLV
,&' SLOLQLGDOF\VW ,&' HU\WKHPDDQGXUWLFDULD ,&' YDVFXODU
KDPDUWRPDV ,&'   SLJPHQW DQRPDOLHV ,&'   XQVSHFL¿HG
GHIRUPLWLHV RI KDLU VNLQ DQG QDLOV ,&'   DQG PHFRQLXP VWDLQLQJ ,&'
 7KH3HDUVRQFRUUHODWLRQFRHI¿FLHQWLV5 6NLQGLVRUGHUVIRUWKH
JHQHUDOSRSXODWLRQLQFOXGHUDVKVZHOOLQJDQGFKDQJHVLQVNLQWRQHDQGWH[WXUH
,&' HF]HPD ,&' DQGSVRULDVLV ,&' 7KH3HDUVRQFRUUHODWLRQ
FRHI¿FLHQWLV5 
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Diseases and malformations of the heart and lung
On necropsied deer of all ages, the prevalence and severity of
enlarged right heart ventricle (Figure 18) and emphysema-like
symptoms on lungs (Figure 20) were high in 1998 and 1999, and then
decreased until 2005, when these unusual conditions of the heart and
lung increased dramatically, as shown graphically in Figure 21. Again,
the increase after 2005 is approximately coincident with the switchover to salt formulations in the herbicides.
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(ICD 518, excluding 518.5, surgery following trauma). The Pearson
correlation between the newborn data and glyphosate applications is
R=0.949 and for all ages (except newborn) R= 0.971.

Liver disease
An increasing number of mammals and birds have been observed
with liver tumors, enlarged liver or liver involution. Figure 24 shows
several examples of liver disease in wildlife, including tumor-like
growths in a wolf (Canus lupus), a domestic goat, a fledgling Rock

Figure 20: :KLWHWDLOHG GHHU OXQJ FRQGLWLRQV UDQNHG    1RUPDO OXQJV 
6OLJKWO\ EXPS\ RQ RXWHU OREHV   5DLVHG DOYHROL RQ PXFK RI OXQJ DUHD   
5DLVHGDOYHROLDQGZKLWHDUHDVLQOXQJV5DLVHGDOYHROLDQGEOHHGLQJOXQJV
&RUUHVSRQGLQJQXPEHUVZHUHXVHGLQWKH¿HOGWRUHFRUGWKHSUHVHQFHRUVHYHULW\
RIDQ\DGYHUVHOXQJFRQGLWLRQVREVHUYHG

Figure 22:+RVSLWDOGLVFKDUJHUDWHVIRUFRQJHQLWDOKHDUWFRQGLWLRQVHQODUJHGULJKW
YHQWULFOH (59  IRU DOO DJHV H[FHSW QHZERUQ  VXSHULPSRVHG ZLWK JO\SKRVDWH
DSSOLFDWLRQV WR ZKHDW FRUQ DQG VR\ FURSV 7KH FRQJHQWLDO KHDUW FRQGLWLRQV
LQFOXGH KHDUW PXUPXU ,&'   RVWLXPVHFXQGXP W\SH DWULDO VHSWDO GHIHFW
,&' SDWHQWGXFWXVDUWHULRVXV ,&' SXOPRQDU\DUWHU\DQRPDOLHV
,&' RWKHUFRQJHQLWDODQRPDOLHVRIFLUFXODWRU\V\VWHP ,&' RWKHU
KHDUWFLUFXODWRU\FRQGLWLRQVRULJLQDWLQJLQWKHSHULQDWDOSHULRG ,&' DQG
EUDG\FDUGLD ,&' 7KH3HDUVRQFRUUHODWLRQFRHI¿FLHQWEHWZHHQ
FRQJHQLWDOKHDUWGHIHFWVDQGJO\SKRVDWHDSSOLFDWLRQVLV5 7KH3HDUVRQ
FRUUHODWLRQFRHI¿FLHQWEHWZHHQWKH(59IRUDOODJHVDQGJO\SKRVDWHDSSOLFDWLRQV
LV5 
Figure 21:3HUFHQWDJHRIZKLWHWDLOHGGHHUZLWKKHDUWDQGOXQJFRQGLWLRQV


We compared this trend with human data in Figure 22. Both
newborn data for congenital heart disorders and data for all ages (except
newborn) on enlarged right ventricle show remarkable correspondence
with glyphosate usage on core crops. The tabulated newborn heart
conditions include: heart murmur (ICD 785.2); ostium secundum type
atrial septal defect (ICD 745.5); patent ductus arteriosus (ICD 747.0);
pulmonary artery anomalies (ICD 747.3); other congenital anomalies
of circulatory system (ICD 747.8); other heart/circulatory conditions
originating in the perinatal period (ICD 779.89); and bradycardia (ICD
779.81,427.89). The Pearson correlation coefficient between congenital
heart defects and glyphosate applications is R=0.983, and for enlarged
right ventricle it is R=0.955.
Figure 23 shows newborn lung conditions superimposed with
pulmonary bleeding and edema for all ages (except newborn), and with
glyphosate usage on wheat, corn, and soy crops. The newborn lung
conditions include: asphyxia and hypoxemia (ICD 799); pulmonary
artery anomalies (ICD 747.3); meconium passage during delivery
(ICD 763.84); and other respiratory conditions of fetus and newborn
(ICD 770). The ICD codes for the full population data are: pulmonary
congestion and accumulation of fluid (ICD 514); extrinsic allergic
alveolitis (e.g., “farmer’s lung”, ICD 495); and other diseases of the lung

Poult Fish Wildl Sci
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Figure 23: +RVSLWDO GLVFKDUJH UDWHV IRU QHZERUQ OXQJ FRQGLWLRQV SXOPRQDU\
EOHHGLQJDQGHGHPDIRUDOODJHV H[FHSWQHZERUQ VXSHULPSRVHGZLWKJO\SKRVDWH
DSSOLFDWLRQVWRZKHDWFRUQDQGVR\FURSV7KH3HDUVRQFRUUHODWLRQFRHI¿FLHQW
EHWZHHQ WKH SXOPRQDU\ GLVRUGHUV DQG JO\SKRVDWH LV 5  7KH QHZERUQ
OXQJFRQGLWLRQVLQFOXGHDVSK\[LDDQGK\SR[HPLD ,&' SXOPRQDU\DUWHU\
DQRPDOLHV,&' RWKHUUHVSLUDWRU\FRQGLWLRQVRIIHWXVDQGQHZERUQ ,&'
  PHFRQLXP SDVVDJH GXULQJ GHOLYHU\ ,&'   PHFRQLXP DVSLUDWLRQ
ZLWKDQGZLWKRXWUHVSLUDWRU\V\PSWRPV DQG 7KH3HDUVRQFRUUHODWLRQ
FRHI¿FLHQWEHWZHHQWKHQHZERUQOXQJFRQGLWLRQVDQGJO\SKRVDWHDSSOLFDWLRQVLV
5 
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29. Several of the reproductive malformations have not been well
studied, especially misplacement forward of the inguinal lymph node
and the left spermatic cord, resulting in misalignment of the testes
and corresponding hemiscrota during fetal formation of the scrotal
sac (Figure 26C, 26E and 26F). This easily observed reproductive
malformation was first reported in a 2002 study of white-tailed deer
[10]. It has become very high in prevalence in white-tailed deer (Figure
30), and appears to also be high in several Western Montana rodent
species, especially the introduced eastern fox squirrel (Figure 27). In

Figure 24:/LYHUFRQGLWLRQVLQZLOGOLIH$/DUJHWXPRUYHUL¿HGDVFDQFHUFP
LQ LQGLDPHWHUUHPRYHGIURPWKHRXWVLGHRIWKHOLYHURQDIHPDOHJUH\ZROI
%7XPRUOLNHJURZWKVLQWKHOLYHURIDQDGXOWIHPDOHGRPHVWLFJRDW&7XPRU
OLNH JURZWKV LQ WKH OLYHU RI D ÀHGJOLQJ 5RFN 3LJHRQ ' $ %ODFNELOOHG 0DJSLH
ÀHGJOLQJ¶VHQODUJHGGLVFRORUHGOLYHU

Figure 26: 1RUPDO DQG DEQRUPDO ZKLWHWDLOHG GHHU PDOH JHQLWDOLD $ :KLWH
WDLOHG GHHU IHWXV QRUPDO JHQLWDOLD % 2QH\HDUROG ZKLWHWDLOHG GHHU QRUPDO
JHQLWDOLD&2QHDQG»\HDUROGZKLWHWDLOHGGHHUZLWKPLVDOLJQHGKHPLVFURWD
DQGVKRUWSHQLVVKHDWK'2QHDQG»\HDUROGZKLWHWDLOHGGHHUQRVFURWXP
IRUPHGRQH[WHUQDOVNLQWHVWHVHFWRSLFXQGHUWKHVNLQ VHHEXPSV VKRUWSHQLV
VKHDWK ( 7ZR\HDUROG ZKLWHWDLOHG GHHU KRUL]RQWDO PLVDOLJQHG KHPLVFURWD
SHQLVVKHDWKQRUPDO)1HZERUQZKLWHWDLOHGGHHUZLWKPLVDOLJQHGKHPLVFURWD
DQGVKRUWSHQLVVKHDWK

Figure 25:+RVSLWDOGLVFKDUJHUDWHVRIOLYHUFDQFHUIRUDOODJHV H[FHSWQHZERUQ 
DORQJZLWKJO\SKRVDWHDSSOLFDWLRQVWRZKHDWFRUQDQGVR\FURSV7KH3HDUVRQ
FRUUHODWLRQ FRHI¿FLHQW EHWZHHQ WKH SUHYDOHQFH RI OLYHU FDQFHU DQG JO\SKRVDWH
DSSOLFDWLRQVLV5 

Pigeon (Columba livia), and the enlarged, discolored liver of a Blackbilled Magpie fledgling.
Liver cancer in humans has also been increasing in frequency in the
United States over the past two decades, with a shift towards relatively
younger ages [14]. Similar trends are seen in China [15]. Figure 25
shows the hospital discharge rates of liver cancer in all ages (except
newborn), alongside glyphosate usage on core crops. The Pearson
correlation coefficient is R=0.932.

Congenital urogenital malformations
Birth defects of the male reproductive organs (Figures 26 and
27) have become common on mammals in Montana and appear
to be occurring in some wildlife populations over much of the US
[16,17]. The decrease in penis sheath length, scrotum size and the
change in testes position in Montana are depicted in Figures 28 and
Poult Fish Wildl Sci
ISSN: 2375-446X PFW, an open access journal

Figure 27:1RUPDODQGDEQRUPDOHDVWHUQIR[VTXLUUHOPDOHJHQLWDOLD$1RUPDO
VFURWXP YHU\ VKRUW SHQLV VKHDWK  % 6FURWXP LV PLVDOLJQHG ZLWK VKRUW HPSW\
VNLQ ÀDSV SHQLV VKHDWK YHU\ VKRUW  & :KLWH VSRW ZKHUH VFURWXP VKRXOG EH
IRUPHGSHQLVVKHDWKYHU\VKRUW'/LYHMXYHQLOHPDOHZLWKQRUPDOSHQLVVKHDWK
IRUFRPSDULVRQ
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27 specimens of male eastern fox squirrel examined by Hoy from 2010
through 2014, 78% (21) had no hemiscrota formed and 7% (2) had one
hemiscrota formed, all with ectopic testes, leaving only 15% (4) with a
normal scrotum containing both testes. On 89%, (24) the penis sheath
was less than half normal length.
Figures 28 and 29 show our data collected from WTD from 1995
to 2010 on penis sheath length (Figure 28) and testes position and
scrotum length (Figure 29). In almost all years, fewer than half of the
animals examined had a normal configuration. Notably, in 2006, 100%
of the animals examined had ectopic testes, and more than 90% had a
misaligned scrotum.
Figure 31 shows newborn genitourinary disorders compared to
glyphosate applications to wheat, corn and soy crops. The human
disorders include: hydrocele (watery fluid around the testicles) (ICD
778.6); hypospadias (ICD 752.6); hydronephrosis – obstruction of
urine flow (ICD 591); and other disorders of the kidney and ureter
(ICD 593). The Pearson correlation coefficient between genitourinary
disorders and glyphosate applications is R=0.959.

Figure 28:3HUFHQWFKDQJHLQZKLWHWDLOHGGHHUSHQLVVKHDWKOHQJWK

Figure 30::KLWHWDLOHGGHHUKHPLVFURWDDOLJQPHQW

Figure 31: +RVSLWDO GLVFKDUJH UDWHV IRU QHZERUQ JHQLWRXULQDU\ GLVRUGHUV
FRPSDUHG WR JO\SKRVDWH DSSOLFDWLRQV WR ZKHDW FRUQ DQG VR\ FURSV 7KH
JHQLWRXULQDU\ GLVRUGHUV LQFOXGH 2WKHU GLVRUGHUV RI WKH NLGQH\ DQG XUHWHU
,&'   K\GURFHOH ZDWHU\ ÀXLG DURXQG RQH RU ERWK WHVWLFOHV ,&'  
K\SRVSDGLDV ,&' DQGK\GURQHSKURVLVREVWUXFWLRQRIXULQHÀRZ ,&'
 7KH3HDUVRQFRUUHODWLRQFRHI¿FLHQWEHWZHHQWKHJHQLWRXULQDU\GLVRUGHUV
DQGJO\SKRVDWHXVHLV5 

Failure to thrive
Failure to thrive, observed on multiple species of wild newborns, is
a recognized problem in livestock, and may well be related to human
failure to thrive. For example, porcine periweaning failure-to-thrive
syndrome (PFTS) is an increasingly recognized syndrome in the
swine industry in North America [17]. It is characterized by anorexia
developing within one week of weaning followed by lethargy and, in
some cases, death.

Figure 29::KLWHWDLOHGGHHUWHVWHVSRVLWLRQDQGVFURWXPOHQJWK
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We examined the data in human newborns for comparison and
found that a number of metabolic disorders have been increasing
in frequency in human newborns, as illustrated in Figure 32, in step
with glyphosate applications to wheat, corn and soy crops. Included
are: disorders of fluid electrolyte and acid/base balance (ICD 276);
underweight, feeding problems and fetal malnutrition (ICD 783);
disorders of mineral metabolism (ICD 275); slow fetal growth and
fetal malnutrition (ICD 764); and other congenital anomalies of the
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2010. Since glyphosate is by far the most widely used herbicide, we
believe it to be a major source of contamination for the humans, and
any correlations between glyphosate usage over time and specific health
issues is likely to reflect a causal relationship. The research literature
can help to clarify whether conditions whose incidence is rising in step
with rising glyphosate usage could plausibly be caused by glyphosate,
given its known toxicology profile.

Figure 32: +RVSLWDOGLVFKDUJHUDWHVIRUQHZERUQPHWDEROLFGLVRUGHUVFRPSDUHG
WR JO\SKRVDWH DSSOLFDWLRQV WR ZKHDW FRUQ DQG VR\ FURSV  7KH PHWDEROLF
GLVRUGHUV LQFOXGH GLVRUGHUV RI ÀXLG HOHFWURO\WH DQG DFLGEDVH EDODQFH ,&'
  XQGHUZHLJKW IHHGLQJ SUREOHP  IHWDO PDOQXWULWLRQ ,&'   GLVRUGHUV
RIPLQHUDOPHWDEROLVP ,&' VORZIHWDOJURZWKDQGIHWDOPDOQXWULWLRQ ,&'
  RWKHU FRQJHQLWDO DQRPDOLHV RI XSSHU DOLPHQWDU\ WUDFW ,&'   7KH
3HDUVRQFRUUHODWLRQFRHI¿FLHQWLV5 

upper alimentary tract (ICD 750). The Pearson correlation coefficient
between these two plots is R=0.949.

Discussion
One of us (Hoy) has been documenting health status of wild
animals in the mountains of Western Montana for over forty years.
She has noticed a significant degradation in health over the past two
decades, mainly consistent with mineral deficiencies and thyroid
hormone disruption, and she surmises that the health issues are
related to exposure to various pesticides being applied to crops in
close proximity to the animals’ habitat. Besides exposure from nearby
applications, many pesticides have been shown to travel on fastmoving weather fronts to come down in rain or snow many hundreds
of miles from the application site [18,19]. Low level exposure to 60%
of all herbicides applied in the US are known to interfere with thyroid
function, in particular 2,4-dichlorophenoxacetic acid (2.4-D) [20].
Glyphosate, another thyroid hormone disrupting herbicide [21], has
also been shown to chelate multiple minerals essential to normal fetal
development and health of adult animals, and to disrupt retinoic acid
[22,23]. A large number of field studies have “found an association
between exposure to environmental contaminants and alterations in
thyroid gland structure, circulating thyroid hormones and vitamin
A (retinoid) status” in multiple populations of wild vertebrates [23].
The proper quantity of minerals, retinoic acid and thyroid hormones
are essential to normal development and growth as well as sustaining
health during the life of the animal. Thus, exposure to environmental
contaminants often results in “reproductive and developmental
dysfunction” in all vertebrate classes [24].
In this paper, we present some of the evidence Hoy has gathered,
and we use it to inspire investigations on human health status in
the general US population. While the animals’ exposure is likely
mostly through water and air, we believe that human exposure is
predominantly through food, as the majority of the population does
not reside near agricultural fields. We have obtained government data
on pesticide usage from the USDA and on human disease patterns over
time from the CDC’s hospital discharge data, available from 1998 to
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Most of our graphs illustrating human disease patterns involve
infants, but we also present evidence from children 0-15 and from
the full population excepting newborns. We found many diseases and
conditions whose hospital discharge rate over the twelve-year period
match remarkably well with the rate of glyphosate usage on corn, soy,
and wheat crops. These include head and face anomalies (R=0.95)
(Figure 10), newborn eye disorders (Figure 13), newborn blood
disorders (Figure 15) (R=0.92), newborn skin disorders (R=0.96) and
skin disorders in the general population (R=0.90). (Figure 17), lymph
disorders in children 0-15 (R=0.86) and in the general population
(R=0.89) (Figure 19), congenital heart conditions in newborns (R=
0.98) and enlarged right ventricle in all age groups except newborn
(R=0.96) (Figure 22), newborn lung problems (R=0.95) and pulmonary
bleeding and edema for all age groups except newborn (R=0.97)
(Figure 23), liver cancer (R=0.93) (Figure 25), newborn genitourinary
disorders (R=0.96) (Figure 31) and newborn metabolic disorders
(R=0.949) (Figure 32).
Glyphosate’s established mode of action in killing weeds is through
disruption of the shikimate pathway [22,25] whose products, the
essential aromatic amino acids, are important precursors to multiple
biologically important molecules, including the neurotransmitters
dopamine, serotonin, melatonin, and epinephrine, the B vitamin,
folate, the molecule nicotoinamide dinucleotide (NAD) involved
in many redox reactions, and the tanning pigment, melanin [24,26].
Gut microbes produce the aromatic amino acids using the shikimate
pathway, so this ability is impaired in the presence of glyphosate. A
general mode of action of glyphosate is that it chelates the soluble ions
of many mineral nutrients including calcium, copper, iron, magnesium,
nickel and zinc, which are essential cofactors in many specific
biochemical reactions [25,27]. Glyphosate has been shown to disrupt
the gut microbiome in animals, probably in part through disrupting
mineral bioavailability, including manganese, iron, zinc, and cobalt
[22,24]. Impaired manganese homeostasis can explain many features of
disorders whose incidence is rising in the human population, including
autism, Alzheimer’s disease, Parkinson’s disease, osteoporosis, and
rheumatoid arthritis [28]. Multiple pathogenic infections due to gut
dysbiosis are a major factor in the decline in orcas (Orcinus orca) along
the north Pacific coast of the US [29], and glyphosate exposure is a
likely contributor.
The newborn is highly susceptible to oxidative stress produced
by free radicals [30-32]. An excess of free radicals is implicated in
neonatal chronic lung disease [33], which rose sharply in the newborn
population in 2006 and was highly correlated with glyphosate usage
(Figure 23). Inflammation, hypoxia, ischemia, glutamate, and free
iron magnify the effect of free radicals [30]. Glyphosate suppresses
the first step in the synthesis of the pyrrole ring, a core structural
component of heme [34-36], leading to excess bioavailability of free
iron. Glyphosate also, through its chelation of manganese, disrupts the
synthesis of glutamine from glutamate, because the enzyme glutamine
synthase depends on manganese as a catalyst [28]. Glyphosate can be
expected to induce hypoxia by interfering with hemoglobin synthesis.
Furthermore, melatonin is a highly effective antioxidant [32], but its
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synthesis depends on the shikimate pathway. Melatonin appears to
be both safe and effective as a supplement to treat oxidative stress
in newborns [32], and it is possible that melatonin deficiency due to
poor bioavailability of its precursor molecule, the shikimate pathway
product tryptophan, is contributing to increased oxidative stress in
newborns.
Many pesticides, including chlorothalonil and glyphosate,
have been shown to work synergistically to more quickly damage
vital biological processes in the cells of plants and animals [37,38].
Combinations of pesticides that chelate minerals and disrupt endocrine
functions can easily have synergistic effects at extremely low doses
that are not predicted by the effects found at higher doses in common
toxicity studies. The National Toxicology Program defines the lowdose effects of pesticides we have commonly observed on wildlife as
those effects that occur in the range of human exposures or effects
observed at doses below those used for traditional toxicological studies
[39]. Epidemiological studies present strong evidence that exposures
to far lower levels than the concentrations of environmental toxins
now found in most air and water samples are associated with diseases
and birth defects in all vertebrate classes [15,40]. Glyphosate has been
shown to be an endocrine disrupting hormone, able to induce growth
of breast cancer tumor cells in concentrations of parts per trillion.
This is well below the level usually studied in toxicology investigations
[39,41]. Estrogenic compounds like glyphosate can cause sexual
reversal during development in alligators, as demonstrated in studies
in Florida, particularly if exposure occurs during a critical period of
gestation [42].
The patterns over time for the wild animals and the humans are
distinctly different, and we believe that the explanation for the high
levels of defects in the early years in the wild animals, as contrasted with
the humans, are due to exposure to other pesticides besides glyphosate.
Between 1997 and 2006 the use of chlorothalonil and other fungicides
on potato crops for blight steadily decreased in states directly upwind of
our wildlife study area. There was a corresponding observable decrease
in the birth defects in mammals and birds in Western Montana.
When the more severe birth defects that cause mortality went down,
more wild young began to survive, especially those of wild ruminant
species in serious decline. By spring of 2006, the facial malformations
on grazing animals had decreased to approximately half the 2001
prevalence, and the populations of white-tailed deer and other wild
ungulates were steadily going up from 2002 through 2006. However,
the wild ungulate populations declined sharply in subsequent years,
closely corresponding with the increase in use of glyphosate after 2006
(Figures 2-8).
In addition to the well-documented effect of disrupting normal
hormone functions [39], many toxic chemicals, including commonly
used herbicides such as 2,4-D, picloram, and glyphosate as well as some
fungicides, including chlorothalonil, adversely affect the mitochondria
of the cells and disrupt energy metabolism [41,43]. Manganese is
a cofactor in the important antioxidant enzyme in mitochondria,
manganese superoxide dismutase (Mn-SOD). Mn-SOD plays an
important role in defense against inflammation [44], known to be a
major factor in cancer. Undoubtedly, such deficits in metabolism
would seriously affect the ability of a pregnant female to maintain
normal weight and health and would inhibit normal fetal growth, as
well as a newborn’s ability to maintain heat, energy and normal growth.

Evidence of increased toxicity of glyphosate formulations
The toxicology experiments used by regulatory agents to decide
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whether to approve a new chemical explicitly require that the active
ingredient be evaluated only in isolation [45]. Glyphosate formulations
are trade secrets, but they often contain other ingredients that either
make glyphosate itself more toxic to cells or are themselves innately
toxic [46,47]. Polyethyoxylated tallowamine (POEA) is used in
many formulations as a common surfactant to improve glyphosate’s
effectiveness. By 2006, nearly all of the glyphosate usage was in the
form of the salt formulations. Other herbicides were also converted to
salt formulations, including 2,4-D and Dicamba. With continuously
increasing use of the herbicide salt formulations, the symptoms of
fetal hypothyroidism and multiple mineral deficiencies have increased
alarmingly in wildlife.
Studies on rat liver mitochondria revealed that Roundup at 15
millimolar concentration collapsed the transmembrane potential,
caused mitochondrial swelling and depressed respiration by 40% [48].
Glyphosate alone did not exhibit this effect. In vitro studies showed that
only 1 to 3 ppm of POEA is enough to produce toxic effects on cellular
respiration and membrane integrity [49]. The lipophilic character of
POEA gives it the ability to penetrate cell membranes, and probably
also enables glyphosate to gain access to cells. In addition, the saltbased formulations are suspected to be much more deadly to humans
who attempt suicide through glyphosate ingestion [49].
Both glyphosate and chlorothalonil suppress cytochrome p450
(CYP) enzyme activity, resulting in a gradual depletion of the vital
functions in the liver performed by the CYP enzymes [26,50]. CYP
enzymes are responsible for the activation of Vitamin D, and they
play a role in the production of bile acids and the synthesis and/or
metabolism of cholesterol, testosterone, estrogen, progesterone and
other corticosteroids. The suppression of CYP enzymes in the liver
can be expected to greatly increase the toxicity of all xenobiotics to the
liver, but it also has serious adverse effects on the immune system and
other organ functions, including the reproductive organs [28]. While
the fatality rate for glyphosate attempted suicide or accidental exposure
had been relatively low in earlier reports, a paper published in 2008
claimed a fatality rate of nearly 30% [51]. Symptoms associated with
human acute poisoning with glyphosate included respiratory distress,
altered consciousness, pulmonary edema, shock, dysrrhythmia, and
renal dysfunction. Pulmonary and renal toxicity lead to mortality in
humans, following metabolic acidosis and tachycardia [49]. Exposure of
glyphosate to piglets in controlled experiments showed that the POEAbased formulation was much more toxic to the piglets [52]. Multiple
adverse cardiovascular effects were observed, including pulmonary
hypertension, circulatory collapse, and acute metabolic acidosis.
Additionally, in spring of 2006, a relatively new class of
neonicotinoid insecticides, which bear a chemical resemblance
to nicotine, began being used throughout the US and in other
countries. These may well have synergistic effects with glyphosate,
due to glyphosate’s suppression of CYP enzymes, which are needed
for detoxification of neonicotinoids [53]. Our own observations on
multiple disease trends in the US population reveal a sharp increase
in hospital discharge rates for the health problems addressed herein
around the 2006 time frame, which we hypothesize may be connected
to the widespread switch to glyphosate salt-based formulations, as well
as the introduction of neonicotinoids.
There was a corresponding increase after 2005 of birth defects
and serious health problems on white-tailed deer fawns and other
animals. This included a significant increase in enlarged right heart
ventricle, lung damage, dilated lymphatic vessels on the heart surface
and underdeveloped or damaged thymus on newborn white-tailed deer
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necropsied by Hoy. The original formulation of glyphosate had been
shown to cause dilated heart on rabbit fetuses, and the percentage of
rabbit fetuses with dilated heart was significantly elevated at all dose
levels along with skeletal variations, anomalies and malformations
[54]. We also observed congenital heart conditions in newborns as well
as impaired lung function and enlarged right ventricle in human data
(Figures 22 and 23), trending upward in step with glyphosate usage.
An extremely serious health issue with the hooves of wild ruminants
began around 2007 in many areas of the United States and Canada.
Moose, elk, deer, bighorn sheep and possibly other wild ungulates were
observed to have disrupted growth of the keratin of the hooves, causing
malformed hooves, severe lameness and resultant mortality. Laminitis
has been increasing in horses throughout the United States. The keratin
of the hooves of ungulates has a significant amount cholesterol sulfate
in its composition, as shown in tests of horse hooves [55]. Impaired
cholesterol sulfate synthesis appears to be a primary toxicity path of
glyphosate [26].
Below, we will discuss some of our specific findings in more detail
and link them to the research literature on animal exposures and on the
effects of glyphosate and other pesticides on biological systems.

Congenital head and facial malformations
Glyphosate’s mineral chelating effects result in vital minerals being
unavailable to the developing cells of vertebrate young. A primary
mode of glyphosate action is chelating manganese. The most common
birth defect on the white-tailed deer fawns is brachygnathia superior
[10], shown to be caused by fetal mineral deficiencies, particularly
manganese deficiency [56-58]. This is likely connected to the important
role that manganese plays as a catalyst in the production of chondroitin
sulfate, which is crucial for bone development [28,59].
Given the documented increase in incidence of underdeveloped
facial bones, it appears that young of both bird and mammalian species
are being affected by an agent, or more likely a combination of agents,
that interfere with bone growth. Our studies on the CDC hospital
discharge data revealed that human infants show a rise in disorders
of mineral metabolism, specifically for the three minerals, calcium,
magnesium, and phosphorus (Figure 32). Human infants are also
experiencing an increase in anomalies of the head and face that matches
well with glyphosate usage (Figure 10). Many environmental toxins
have been shown to interfere with intracellular calcium levels and bone
growth in developing animals [60]. Exposure of a mammalian fetus to
pesticides more than doubles the risk of mortality due to developmental
malformations [61]. Exposure of bird embryos to dioxin resulted in
malformed skulls and brains [62]. It is likely that disruption of both
calcium and energy metabolism would have an adverse influence on
normal ossification, resulting in the underdevelopment of the skull,
maxilla, leg bones and more rarely other skeletal bones, as has been
observed on wildlife.

Congenital thymus malformations, lymph system and thyroid
The thymus of animals exposed to toxic pesticides is often very
obviously damaged upon postmortem examination, as illustrated in
Figure 14. Thymus and spleen development take place mainly in the
postnatal period, and zinc deprivation during this critical time in mice
can result in a markedly reduced size of the thymus [63,64]. Thymus
involution due to apoptosis has also been implicated in association
with magnesium deficiency [65,66].
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Glyphosate’s chelating effects on +2 cations could lead to zinc and
magnesium deficiency in exposed individuals. Glyphosate has been
shown to deplete zinc as well as manganese in glyphosate-resistant soy
crops [67]. Studies on rats have shown that melatonin, a product of the
shikimate pathway, protects the thymus from oxidative damage [68].
Monsanto’s own studies showed that exposure of albino rats to a
dust aerosol containing pure glyphosate for four hours led to lesion
development on the lungs and thymus in the form of red foci [69].
These align well with the red spots that were observed on thymuses
from newborn white-tailed deer in our Figure 14C, 14D and 14E.
Impairment in the thymus logically leads to disorders of the lymph
system, which have increased dramatically, especially since 2006, in
both children and the general population (except newborn) (Figure
19). Magnesium deficiency is linked to impaired immune function
[70].
The thyroid modulates endocrine activity of the thymus, and
thymulin levels are correlated with thyroxin 3 (T3) and T4 levels [71].
Human hypothyroidism may therefore be related to the observed defects
in thymuses of animals exposed to toxic chemicals. The trend over time
of hypothyroidism among children aged 0-15 aligns remarkably well
with brachygnathia in deer fawns (Figure 11). Low magnesium was
shown to decrease production of the most important form of Vitamin
D, essential in bone development [72]. We hypothesize that these two
patterns may be linked through manganese dysbiosis. In [28], it was
proposed that glyphosate leads to an excess of manganese in the brain
stem and a deficiency in the vasculature, due to impaired bile flow in
the liver. Excess manganese in the brain stem has been hypothesized
to damage thyroid function both through direct damage to the thyroid
and through dysregulation of dopaminergic modulation of thyroid
hormone synthesis [73].
Newborn rats in a multi-dose study showed developmental effects
and delayed sexual maturation at all doses of Chlorothalonil [74].
Chlorothalonil is a nitrile as are its metabolites. It consists of two
cyanide molecules attached to a hexachlorobenzene ring. Cyanide has
been shown to disrupt thyroid hormone functions, especially during
fetal development [75]. Additionally, many herbicides, particularly 2,4D and Dicamba, disrupt normal thyroid hormone function [20], thus a
cumulative or synergistic effect between the organochlorine pesticides
and glyphosate should be considered.

Reproductive system
Endocrine disruption is trans-generational because a mother can
accumulate toxic chemicals in fat tissues over many years, which are
mobilized during pregnancy and lactation, to cause harm to the fetus
or infant [76]. Each stage in the development of fetal reproductive
organs requires precise amounts of hormones and enzymes, in addition
to other factors, such as temperature, in some species of vertebrate.
An alarming study of deep-water fish in the Bay of Biscay (northeast
Atlantic Ocean) published in March 2015, found a wide variety of
inflammatory and degenerative lesions in all species examined, in
addition to diseases of the liver, and the first case of an intersex deepwater fish [76]. In a study of pollutants in National Parks, male fish
were found to have female sex organs caused by pesticides in high
mountain lakes in Glacier National Park, considered to be a pristine
area, only150 miles north of our wildlife study area [77].
Conversion of testosterone to estrogen by aromatase depends
on CYP enzymes. Aromatase activity is decreased by glyphosate
[78]. Glyphosate also decreases serum testosterone concentrations.
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Exposure to the commercial formulation of the herbicide glyphosate
alters testosterone levels and testicular morphology in prepubertal
males [79]. Glyphosate also inhibits steroidogenesis and other normal
functions of adult male reproductive organs, including the testicular
cells [80,81].
Glyphosate caused cytotoxicity to progesterone-producing cells in
vitro at levels that were comparable to the allowable levels in drinking
water, leading to a decrease in progesterone production, and Roundup
was more toxic than glyphosate [82]. Endocrine disrupting effects
of Roundup on human female cells, and the activity of the pituitaryderived regulatory gonadotrophin, luteinising hormone (LH), and
embryo-derived chorionic gonadotrophin (CG) activity, have not been
sufficiently examined and may be contributing to the low reproductive
rates in many wildlife species.
Glyphosate working synergistically with other pesticide exposures,
disrupting normal hormone and enzyme levels and/or functions at
key periods during fetal development, are the most likely cause of
the variety of birth defects found in white-tailed deer and other wild
ruminant populations since spring 1995 [10,11].
The decreased aromatase activity caused by glyphosate and possibly
other pesticides may be responsible for the highly skewed sex ratio in
favor of males found in Western Montana white-tailed deer fawns
[10]. Studies considering the maternal condition prior to conception
provide strong evidence for a relationship between maternal condition
and the sex ratio in mammals [83], particularly in wild ungulates such
as white-tailed deer [84]. Mineral deficiencies, damaged mitochondria
and hormone disruption would certainly have an adverse effect on the
condition of a pregnant female, especially in the wild. The sex ratio
significantly skewed in favor of males began occurring in the Western
Montana white-tailed deer fawns the same spring as the birth defects
[85]. Most importantly, in 1995, marine mammals and vertebrates in
other areas began being documented with unusual health problems and
high rates of mortality in breeding age females and newborns [86,87].

Congenital urogenital malformations
Since 1995, an increasing prevalence of male reproductive
malformations [16,24] has been observed on multiple vertebrate species.
Analogous birth defects on vertebrates have more recently been shown
to be the result of glyphosate exposure [88] as well as other pesticides
[42]. Birth defects have been observed on multiple mammalian species
[89], including human newborns [90], many individuals of multiple
bird species [91,92], on reptiles, particularly alligators [93-95], and on
multiple species of amphibian [96-98].
Disrupted development of the male genitalia, resulting in shortening
of the penis sheath and/or the scrotum on the external skin, has been
shown to be caused by a combination of zinc deficiency, disruption
of retinoic acid (Vitamin A), Congenital Fetal Hypothyroidism (CFH)
and dihydrotesterone (DHT) disruption, all factors symptomatic of
exposure to glyphosate [26,88].
Zinc deficiency in both a pregnant female and her male fetus or
fetuses is likely a contributing cause of the shortening of the penis
sheath, the underdevelopment of one or both hemiscrota, and possibly
of the misalignment of the hemiscrota [99,100]. Cellular zinc levels
have a strong influence on the 5-alpha reductase inhibitor, which
converts testosterone into DHT. DHT is instrumental in the normal
growth and development of external male reproductive organs because
DHT bonds to androgen receptors more effectively than other natural
androgens [101]. In addition, low levels of retinoic acid (vitamin A)
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have been connected to zinc deficiency in developing fetuses [102,103].
Also, retinoic acid receptor alpha, a receptor for retinoic acid, has
profound effects on vertebrate development by directly regulating gene
expression [104].
The disruption of vitamin A caused by ingesting glyphosate [88]
would likely have serious effects in the digestive system of ruminants,
which may be why they appear to be highly affected by health problems
and birth defects. In ruminants, significant amounts of vitamin A
are degraded in the rumen, while digestibility of carotene varies in
different species [105]. There are also several variables that influence
carotene digestibility and vitamin A content in forage including the
type of forage, the plant species ingested and the month forage is eaten,
being above average during warmer months and below average during
the winter. Vitamin A levels depend on adequacy of dietary fat, protein,
zinc, phosphorus and antioxidants, which can be seriously lacking in
the diets of wild ruminants in winter when the females are carrying
developing fetuses. Vitamin A deficiency has been shown to cause lung
and liver damage in rats [106].
With increasing use of glyphosate, the amount of glyphosate and
other toxins in or on the ingested foliage is likely a primary factor
affecting zinc and retinoic acid levels. Depending upon their size,
ruminants ingest a large amount of foliage each day, resulting in
consumption of biologically significant levels of glyphosate. Cellular
zinc levels have a strong influence on the 5-alpha reductase inhibitor,
which converts testosterone into DHT. DHT is instrumental in the
normal growth and development of external male reproductive organs
because DHT bonds to androgen receptors more effectively than other
natural androgens [107].
Glyphosate and its synergistic effects with other pesticides, such as
Chlorothalonil, are likely closely connected to the increasing prevalence
of birth defects and health problems affecting the male reproductive
organs since 1995 [10,11,85]. For example, genital hypoplasia, now
very common, was almost unknown on white-tailed deer in years prior
to 1995 [108] (Figures 28-30). A Danish study showed a steady increase
in the incidence of hypospadias in boys from 1977 to 2005 [109].
Glyphosate became available on the market in 1975. Our own data
show remarkable correspondence between newborn genitourinary
disorders, including hypospadias, and glyphosate usage on crops
(Figure 31) (R=0.96).
Thyroid hormone disrupting chemicals act synergistically such that
the combined effects are greater than linear. It can be expected that
simultaneous fetal exposure to glyphosate and chlorothalonil would
synergistically suppress CYP enzymes, as well as thyroid hormone
functions, likely resulting in even more severe teratogenic effects than
that caused by exposure to either alone. Added to the depletion of
cellular zinc and the disruption of gonadotropin expression caused by
glyphosate [78,110] the result is a significant assault on the growth and
development of the male genitalia.

Conclusion
Something is causing alarming increases in diseases and birth
defects in wildlife. Something is causing alarming increases in diseases
and birth defects in humans. Our graphs illustrating human disease
patterns over the twelve-year period correlate remarkably well with the
rate of glyphosate usage on corn, soy, and wheat crops.
Glyphosate is known to chelate vital minerals [US Patent
#3160632 A]. Glyphosate is an anti- microbial and biocide [US Patent
#20040077608 A1]. Glyphosate has been classified as an endocrine
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disruptor by the Endocrine Society. Glyphosate has been classified as
“probably carcinogenic” by the World Health Organization and by the
American Cancer Society. Glyphosate interferes with the shikimate
pathway, essential to healthy gut microbes. Glyphosate inhibits the
CYP enzyme activity, which is vital to a healthy functioning liver.
The strong correlations between glyphosate usage and disease
patterns, the highly significant p-values and the known toxicological
profile of glyphosate indicate that glyphosate is likely a major factor in
the increases in the serious issues with human health documented here.
Our over-reliance on chemicals in agriculture is causing irreparable
harm to all beings on this planet, including the planet herself. Most of
these chemicals are known to cause illness, and they have likely been
causing illnesses for many years. But until recently, the herbicides have
never been sprayed directly on food crops, and never in this massive
quantity. We must find another way.
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%DLQ'(%DOFRPE,,,.&  3RSXODWLRQVRIVRXWKHUQUHVLGHQWNLOOHUZKDOHV
2UFLQXVRUFD IURP&HQWHUIRU:KDOH5HVHDUFK
3DJDQHOOL$*QD]]R9$FRVWD+/ySH]6/&DUUDVFR$(  *O\SKRVDWH
EDVHG KHUELFLGHV SURGXFH WHUDWRJHQLF HIIHFWV RQ YHUWHEUDWHV E\ LPSDLULQJ
UHWLQRLFDFLGVLJQDOLQJ&KHP5HV7R[LFRO
&DUWHU/  0LFNH\0LQQLH(DUWK,VODQG-RXUQDO

0DUWLQ*%:KLWH&/0DUNH\&0%ODFNEHUU\0$  (IIHFWVRIGLHWDU\]LQF
GH¿FLHQF\RQWKHUHSURGXFWLYHV\VWHPRI\RXQJPDOHVKHHSWHVWLFXODUJURZWK
DQGWKHVHFUHWLRQRILQKLELQDQGWHVWRVWHURQH-5HSURG)HUWLO
2P $ &KXQJ .   'LHWDU\ ]LQF GH¿FLHQF\ DOWHUV DUHGXFWLRQ DQG
DURPDWL]DWLRQ RI WHVWRVWHURQH DQG DQGURJHQ DQG HVWURJHQ UHFHSWRUV LQ UDW
OLYHU-1XWU

$QWRQLRX 0 +DELE 0(0 +RZDUG &9 -HQQLQJV 5& /HLIHUW & HW DO  
7HUDWRJHQLFHIIHFWVRIJO\SKRVDWHEDVHGKHUELFLGHV'LYHUJHQFHRIUHJXODWRU\
GHFLVLRQVIURPVFLHQWL¿FHYLGHQFH-(QYLURQ$QDO7R[LFRO6

'HDQ $ 6PLWK /% 0DFSKHUVRQ 6 6KDUSH 50   7KH HIIHFW RI
GLK\GURWHVWRVWHURQH H[SRVXUH GXULQJ RU SULRU WR WKH PDVFXOLQL]DWLRQ
SURJUDPPLQJZLQGRZRQUHSURGXFWLYHGHYHORSPHQWLQPDOHDQGIHPDOHUDWV
,QW-$QGURO

+DQGHO&03DMRW/00DWVXRND609DQ+HPHUW&7HUHQ]L-HWDO  
(SL]RRWLFRIEHDNGHIRUPLWLHVDPRQJZLOGELUGVLQ$ODVNDDQHPHUJLQJGLVHDVH
LQ1RUWK$PHULFD"$XN

6PLWK-&-U  7KHYLWDPLQ$]LQFFRQQHFWLRQDUHYLHZ$QQ1<$FDG
6FL

9DQ +HPHUW & +DQGHO &0   %HDN GHIRUPLWLHV LQ QRUWKZHVWHUQ FURZV
(YLGHQFHRIDPXOWLVSHFLHVHSL]RRWLF$XN

8ULX$GDPV -< .HHQ &/   =LQF DQG UHSURGXFWLRQ HIIHFWV RI ]LQF
GH¿FLHQF\RQSUHQDWDODQGHDUO\SRVWQDWDOGHYHORSPHQW%LUWK'HIHFWV5HV%
'HY5HSURG7R[LFRO

0DWWHU-0&UDLQ'$3LFNIRUG'%5DLQZDWHU755H\QROGV.'HWDO  
(IIHFWVRIHQGRFULQHGLVUXSWLQJFRQWDPLQDQWVLQUHSWLOHVDOOLJDWRUV,Q.HQGDOO
5 'LFNHUVRQ 5 *LHV\ - 6XN :3 HGLWRUV 3ULQFLSOHV DQG SURFHVVHV IRU
HYDOXDWLRQ HQGRFULQH GLVUXSWLRQ LQ ZLOGOLIH 6(7$& 3UHVV 3HQVDFROD )/ 3

*XLOOHWWH/--U*URVV760DVVRQ*50DWWHU-03HUFLYDO+):RRGZDUG$5
 'HYHORSPHQWDODEQRUPDOLWLHVRIWKHJRQDGDQGDEQRUPDOVH[KRUPRQH
FRQFHQWUDWLRQV LQ MXYHQLOH DOOLJDWRUV IURP FRQWDPLQDWHG DQG FRQWURO ODNHV LQ
)ORULGD(QYLURQ+HDOWK3HUVSHFW
*XLOOHWWH /- -U 3LFNIRUG '% &UDLQ '$ 5RRQH\ $$ 3HUFLYDO +)  
5HGXFWLRQ LQ SHQLV VL]H DQG SODVPD WHVWRVWHURQH FRQFHQWUDWLRQV LQ MXYHQLOH
DOOLJDWRUV OLYLQJ LQ D FRQWDPLQDWHG HQYLURQPHQW *HQ &RPS (QGRFULQRO 

+D\HV 7 +DVWRQ . 7VXL 0 +RDQJ $ +DHIIHOH & 9RQN $   $WUD]LQH
,QGXFHG +HUPDSKURGLWLVP DW  SSE LQ $PHULFDQ /HRSDUG )URJV 5DQD
SLSLHQV /DERUDWRU\DQG)LHOG(YLGHQFH(QYLURQ+HDOWK3HUVSHFW
2XHOOHW 0 %RQLQ - 5RGULTXH - 'HV*UDQJHV -/ /DLU 6   +LQGOLPE
GHIRUPLWLHV (FWURPHOLD (FWURGDFW\O\  LQ IUHHOLYLQJ DQXUDQV IURP DJULFXOWXUDO
KDELWDWV-:LOGOLIH'LV
%LHN 5 )XQN :& 0D[HOO %$ 0LOOV /6   :KDW LV PLVVLQJ LQ DPSKLELDQ
GHFOLQH UHVHDUFK ,QVLJKWV IURP HFRORJLFDO VHQVLWLYLW\ DQDO\VLV &RQV %LRO 


6LSHV160DUWLQ07.RWKL\D35HLI'0-XGVRQ56HWDO  3UR¿OLQJ
7R[&DVWFKHPLFDOVDFURVVHQ]\PDWLFDQGUHFHSWRUVLJQDOLQJDVVD\V
&KHP5HV7R[LFRO
5RGH /0 0F$OOLVWHU 7$ &KHQJ .-   0LFURELDO GHJUDGDWLRQ RI YLWDPLQ
D LQ UXPHQ ÀXLG IURP VWHHUV IHG FR QFHQWUDWH KD\ RU VWUDZ GLHWV &DQDGLDQ
-RXUQDORI$QLPDO6FLHQFH
%D\EXWW 5& +X / 0ROWHQL $   9LWDPLQ $ GH¿FLHQF\ LQMXUHV OXQJ DQG
OLYHUSDUHQFK\PDDQGLPSDLUVIXQFWLRQRIUDWW\SH,,SQHXPRF\WHV-1XWU

0DUEXUJHU5*5RELQVRQ507KRPDV-:  *HQLWDOK\SRSODVLDRIZKLWH
WDLOHGGHHU-0DPPDO
/XQG/(QJHEMHUJ0&3HGHUVHQ/(KUHQVWHLQ91¡UJDDUG0HWDO  
3UHYDOHQFHRIK\SRVSDGLDVLQ'DQLVKER\VDORQJLWXGLQDOVWXG\
(XURSHDQ8URORJ\
&URIWRQ .0 &UDIW (6 +HGJH -0 *HQQLQJV & 6LPPRQV -( HW DO  
7K\URLG +RUPRQH 'LVUXSWLQJ &KHPLFDOV (YLGHQFH IRU 'RVH'HSHQGHQW
$GGLWLYLW\RU6\QHUJLVP(QYLURQ+HDOWK3HUVSHFW
'DOOHJUDYH ( 0DQWHVH )' 2OLYHLUD 57 $QGUDGH $- 'DOVHQWHU 35 HW DO
 3UHDQGSRVWQDWDOWR[LFLW\RIWKHFRPPHUFLDOJO\SKRVDWHIRUPXODWLRQLQ
:LVWDUUDWV$UFK7R[LFRO
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7ZHOYH+HDOWK'HWHULRUDWH7UHQGVLQ%RWK86$DQG&KLQD

,QGH[

˅
˅86$ ,QIHUWLOLW\ 5HDFKLQJ  &KLQD &ORVHO\ )ROORZLQJ ,QIHUWLOLW\
3DWLHQWV$OUHDG\([FHHGLQJ0LOOLRQ

˅3UHFRFLRXVSXEHUW\5DSLGO\,QFUHDVHLQERWK86$DQG&KLQD

˅86$DQG&KLQD¶V&KLOGUHQ$VWKPD,QFLGHQW5DWH,QFUHDVH<HDUE\
<HDU(YHQLI$LU4XDOLW\LV,PSURYHG

˅86$DQG&KLQD¶V&KLOGUHQZLWK&KURQLF'LVHDVHV5DSLGO\,QFUHDVH
7KHSHUFHQWDJHRIFKLOGUHQZLWKDFXUUHQWFKURQLFGLVHDVHURVHWR
LQWKHSHUFHQWDJHRINLGVZKRKDGHYHUKDGDFKURQLFLOOQHVV
JUHZWRLQWKHVDPHWLPHLQ86$,Q&KLQDDPRQJFKLOGUHQ\RXWK
DQG\RXQJVWHUVLQFLGHQWUDWHRIKLJKEORRGSUHVVXUHOLSLGGLVRUGHUV
EDVHGRQVXUYH\LQDQXPEHURISURYLQFHVDQGFLWLHVWKHLQFLGHQW
UDWH RI SUHVFKRRO DJH FKLOGUHQ ZLWK KLJK EORRG SUHVVXUH KDV DOUHDG\
UHDFKHGDQGIRUVFKRROFKLOGUHQDOUHDG\

˅86$DQG&KLQD¶V3DWLHQWV5HDVRQ8QFOHDU,QFUHDVH'XULQJ3DVW7HQ
<HDUV  RI $PHULFDQV LQ  KDG DW OHDVW RQH FKURQLF PHGLFDO
FRQGLWLRQ &KLQHVH UHVLGHQWV ZLWK FKURQLF GLVHDVH LV DOUHDG\  WKH
WRWDO QXPEHU RI GHWHUPLQHG GLDJQRVHG FKURQLF SDWLHQWV UHDFK 
PLOOLRQ 'XULQJ SDVW WHQ \HDUV WKHUH DUH  PLOOLRQ FKURQLF GLVHDVH
SDWHQWVQHZO\GLDJQRVHGHDFK\HDU

 $PHULFDQV+DYH'LDEHWHV&KLQHVH+DYH'LDEHWHV
([FHHGLQJ86$WKH5LVNLV9HU\+LJKIRUWKH³(DVW$VLDQ:HDNOLQJ´
1LJKWPDUHWR$UULYH$JDLQIRU&KLQD


˅$ERXWRQHLQHYHU\EDELHV DERXW LVERUQZLWKDELUWKGHIHFW
LQFOXGLQJDSSUR[GLDJQRVHGZLWK FRQJHQLWDOKHDUW GHIHFWVLQ86$
WKH LQFLGHQFH RI QHZERUQV ZLWK GHIHFWV LQ &KLQD DW SUHVHQW LV DERXW
WKHLQFLGHQFHRIQHZERUQVZLWKGHIHFWVVKRZVDWUHQGRILQFUHDVH
LQFUHDVHG IURPLQWRPLOOLRQLQLQFUHDVHUDWH
ZLWKFRQJHQLWDOKHDUWGLVHDVHEHFRPHVWKHQXPEHURQHGHIHFW

 ,Q86$LQFUHDVHRIDXWLVPGXULQJ,Q&KLQDDXWLVP
UDWHLQYDULRXVDUHDVKDVUHDFKHGLQFUHDVHGWLPHVRYHU\HDUV
HQYLURQPHQWDOFKHPLFDOELRORJLFDOIDFWRUVSRLQWHGDVWKHFXOSULW

 6WXGLHVLQGLFDWHSRVVLEOHOLQNVEHWZHHQ$O]KHLPHU¶VGLVHDVHDQG
3DUNLQVRQ VGLVHDVHLQGLFDWHLQFUHDVHRIDQQXDOLQFLGHQFHRI
$O]KHLPHU¶VGLVHDVHIURPWRLQ86$'XULQJWKHSDVW\HDUV
 WKHDYHUDJHDJHVRI$O]KHLPHU¶VGLVHDVHSDWLHQWVKDV
DGYDQFHGIURP\HDUVWR\HDUV,QWKH86$QHZ
FDVHVRI3DUNLQVRQGLVHDVHDUHGLDJQRVHGHDFK\HDU%DVHGRQPRVW
FRQVHUYDWLYHHVWLPDWLRQVWKHLQFLGHQFHRI3DUNLQVRQGLVHDVHGXULQJ
UHFHQW\HDUVLQ&KLQDKDVDWOHDVWLQFUHDVHGRYHUWLPHV

 86$LQFLGHQFHRISULPDU\OLYHUFDQFHUUDSLGO\URVH
&KLQD¶VOLYHUFDQFHUSDWLHQWVDFFRXQWVIRURI:RUOG¶VWRWDO

  &KLOGUHQ FDQFHU LQFUHDVLQJ HVSHFLDOO\ OHXNHPLDV GUDPDWLFDOO\
LQFUHDVHGLQ86$DQG&KLQD

 ,QIODPPDWRU\%RZHO'LVHDVHVUDSLGO\LQFUHDVHGSHUFHQWLQFUHDVH
IURP  WR  DQG LQFUHDVHG  WLPHV LQ 6KDQJKDL IURP  WR
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˅
˅86$ ,QIHUWLOLW\ 5HDFKLQJ  &KLQD &ORVHO\ )ROORZLQJ ,QIHUWLOLW\
3DWLHQWV$OUHDG\([FHHGLQJ0LOOLRQ

86$LQIHUWLOLW\FRQWLQXHLQFUHDVHV
z $FFRUGLQJWR1DWLRQDO6XUYH\RI)DPLO\*URZWK&'&DSSUR[LPDWHO\
PLOOLRQZRPHQDQGWKHLUSDUWQHUVLQWKH86DUHDIIHFWHGE\LQIHUWLOLW\LH
RIWKHWRWDOUHSURGXFWLYHDJHSRSXODWLRQ>@
z ,QIHUWLOLW\DIIHFWVDERXWPLOOLRQZRPHQDQGWKHLUSDUWQHUVLQWKH86
DERXWRIWKHUHSURGXFWLYHDJHSRSXODWLRQ 6RXUFH1DWLRQDO6XUYH\RI)DPLO\
*URZWK&'& >@
z %DVHGRQUHSRUWHGFDVHVDORQHDOPRVWSHUFHQWRIDGXOW$PHULFDQV
H[SHULHQFHLQIHUWLOLW\'HVSLWHPHGLFDODGYDQFHVLQWKHWUHDWPHQWRILQIHUWLOLW\RYHU
WKHODVWWZRGHFDGHVWKDWUDWHKDVQRWGHFOLQHG,QIDFWPRVWH[SHUWVEHOLHYHLWKDV
ULVHQ0HDQZKLOHDVWKHSRSXODWLRQRIWKH8QLWHG6WDWHVKDVJURZQVLQFHWKH
QXPEHURILQIHUWLOHFRXSOHVKDVPRUHWKDQGRXEOHG$WSUHVHQWDQHVWLPDWHG
PLOOLRQLQGLYLGXDOVDUHDIIHFWHGE\LQIHUWLOLW\>@

&KLQD˖,Q&KLQDWKHUDWHRILQIHUWLOHFRXSOHVKDVUHDFKHGWKHQXPEHURILQIHUWLOH
SDWLHQWVKDVH[FHHGHGPLOOLRQ
z :X-LQJFKXQ([HFXWLYH&RPPLWWHH0HPEHURI&KLQD:RPHQ)HGHUDWLRQIRUPHU
'HSXW\'LUHFWRURI&KLQD%LUWK3ODQQLQJ&RPPLVVLRQRQWKH³6LQR86,QIHUWLOH
$FDGHPLF)RUXP´KHOGLQ'HFVWDWHGGXHWRYDULRXVIDFWRUVDQGZRUN
SUHVVXUHWKHUDWLRRILQIHUWLOHFRXSOHVKDYHUHDFKHGLQIHUWLOHSDWLHQWVKDYH
H[FHHGHGPLOOLRQLQ&KLQDDQGDUHJUDGXDOO\LQFUHDVLQJ6KHVDLGDELUWKFULVHVLV
DSSURDFKLQJ>@
z 3URI&KHQ4LXERKRQRUDU\GLUHFWRU+DQJ]KRX*XDQJUHQ,QIHUWLOLW\5HVHDUFK
,QVWLWXWHLQ0DUFKSRLQWHGRXW6WDWLVWLFVVKRZWKHLQIHUWLOLW\LQFLGHQFHDPRQJ
DSSURSULDWHDJHFRXSOHVLVVKDUSO\LQFUHDVLQJWKHDYHUDJHLQFLGHQFHLQWKHFRXQWU\LV
PHDQLQJRQHLQIHUWLOLW\DPRQJHDFKFRXSOHV>@

>@%UDG\(+DPLOWRQ3DXO'6XWWRQ5HFHQW7UHQGVLQ%LUWKVDQG)HUWLOLW\5DWHV
7KURXJK-XQH 
KWWSZZZFGFJRYQFKVGDWDKHVWDWELUWKVBMXQHBELUWKVBMXQHBKWP

>@ZRPHQKHDOWKLQIR,QIHUWLOLW\VWDWLVWLFV
KWWSZZZZRPHQKHDOWKLQIRFRP,QIHUWLOLW\JHQHUDOKWPO

>@$PHULFDQ6RFLHW\IRU5HSURGXFWLYH0HGLFLQH4XLFN)DFWV$ERXW,QIHUWLOLW\ 
KWWSZZZDVUPRUJGHWDLODVS["LG 

>@$7RWK&KDSWHU1HZ+RSHIRU5HSURGXFWLYH+HDOWKˈ,QIHUWLOLW\6ROXWLRQ%RRN

KWWSZZZIHUWLOLW\VROXWLRQFRP)HUWLOLW\6ROXWLRQ%RRN&KDSWHU1HZ+RSHIRU5HSUR
GXFWLYH+HDOWKKWPO

>@&KLQD1HZV:HEVLWH([HFXWLYH&RPPLWWHH0HPEHURI&KLQD:RPHQ
)HGHUDWLRQ,QIHUWLOHSDWLHQWVKDYHH[FHHGHGPLOOLRQLQ&KLQD
KWWSZZZFKLQDQHZVFRPMNVKWPO

>@=KHMLDQJ2QOLQH+HDOWKZHEVLWH&KLQD;LKX,QIHUWLOLW\'LDJQRVLV 7UHDWPHQW
6HQLRU)RUXPLVKHOGLQ+DQJ]KRX
KWWSKHDOWK]MROFRPFQ]MKHDOWKV\VWHPVKWPO



˅3UHFRFLRXVSXEHUW\5DSLGO\,QFUHDVHLQERWK86$DQG&KLQD

86$ 
$ERXWSHUFHQWRI$PHULFDQJLUOVQRZEHJLQSXEHUW\E\DJHDFFRUGLQJWRDVWXG\RI
JLUOVSXEOLVKHGODVW\HDULQWKHMRXUQDO3HGLDWULFV2QHLQZKLWHJLUOVEHJLQ
GHYHORSLQJEUHDVWVE\WKDWDJHWZLFHWKHUDWHVHHQLQDVWXG\$PRQJEODFNJLUOV
SHUFHQWKLWSXEHUW\E\DJH>@

&KLQD
z 7KH DJH RI FKLOGUHQ LQ *XDQJ]KRX HQWHULQJ SXEHUW\ KDV IURP DYHUDJH  \HDUV ROG
DGYDQFHG WR  \HDUV %DVHG RQ VWXG\ RI D IHZ WKRXVDQG FKLOGUHQ LQ *XDQJGRQJ
SURYLQFH WKH UDWH RI HDUO\ SXEHUW\KDVLQFUHDVHG IURPLQ  LQFUHDVHG WR
LQWKHDYHUDJHUDWHRIHDUO\SXEHUW\LQ&KLQDLV>@
z (DUO\SXEHUW\UDWHVXUYH\RIWKRXVDQGFKLOGUHQLQ=KHMLDQJFRDVWDUHDUHYHDOV
FKLOGUHQ ZHUH LGHQWLILHG HDUO\ SXEHUW\  ER\V DQG  JLUOV LQGLFDWLQJ UDWH RI HDUO\
SXEHUW\DQGJLUOVZLWKHDUO\SXEHUW\LVWLPHVRIER\V 
z 7KHVXUYH\DOVRUHYHDOHGWKDWWKHUDWHRIHDUO\SXEHUW\LVLQFLWLHVDQGWRZQV
KLJKHUWKDQLQUXUDODUHDVLQHFRQRPLFGHYHORSHGDUHDVDQGLQ
XQGHYHORSHG DUHDV  LQ DUHDV FORVH WR KLJKZD\V DQG LQGXVWULDO SROOXWHG DUHDV
DQGLQOHVVSROOXWHGDUHDV

>@-HQQLIHU$VKWRQ3XEHUW\VWDUWLQJHDUOLHUIRUPDQ\JLUOVVWXG\ 
&%61HZV$SULO

KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
7ZHOYH+HDOWK'HWHULRUDWH7UHQGVLQ%RWK86$DQG&KLQD                           7RWDO3DJHV3DJH

KWWSZZZFEVQHZVFRPBKWPO

>@3XEHUW\RIFKLOGUHQLQ*XDQJ]KRXKDYHDGYDQFHGWZR\HDUVUDWHRIHDUO\SXEHUW\LV
DOVRUDWKHUKLJK,QIRUPDWLRQ7LPHV
KWWSQHZVFRP%11%KWPO

>@-LQ/LSHQJ(DUO\SXEHUW\UDWHVXUYH\DQQRXQFHGIRUFKLOGUHQLQ=KHMLDQJFRDVWDUHD
JLUO ZLWK HDUO\ SXEHUW\  WLPHV RI ER\V +DQJ]KRX QHWZRUN  0XQLFLSDOLW\ ([SUHVV

KWWSZZZ]MROFRPFQ]MQHZVV\VWHPVKWPO



˅
˅86$DQG&KLQD¶V&KLOGUHQ$VWKPD,QFLGHQW5DWH,QFUHDVH<HDUE\
<HDU(YHQLI$LU4XDOLW\LV,PSURYHG

86$
z &+,&$*2 5HXWHUV $ERXWPLOOLRQ$PHULFDQVRULQSHRSOHKDYHDVWKPD
DILJXUHWKDWLVULVLQJGHVSLWHHIIRUWVWRFRQWURONH\DVWKPDWULJJHUVVXFKDVLQGRRU
VPRNLQJ86JRYHUQPHQWUHVHDUFKHUVVDLGRQ7XHVGD\ 
z $FFRUGLQJWRWKH86&HQWHUVIRU'LVHDVH&RQWURODQG3UHYHQWLRQDQDGGLWLRQDO
PLOOLRQSHRSOHZHUHGLDJQRVHGZLWKDVWKPDIURPWR7KHOLIHORQJGLVHDVH
FDXVHVZKHH]LQJWLJKWQHVVLQWKHFKHVWFRXJKLQJDQGVKRUWQHVVRIEUHDWK 
z 'HVSLWHWKHIDFWWKDWRXWGRRUDLUTXDOLW\KDVLPSURYHGZH YHUHGXFHGWZRFRPPRQ
DVWKPDWULJJHUVVHFRQGKDQGVPRNHDQGVPRNLQJLQJHQHUDODVWKPDLVLQFUHDVLQJ
3DXO*DUEHFKLHIRIWKH&'& V$LU3ROOXWLRQDQG5HVSLUDWRU\+HDOWK%UDQFKVDLGLQ
DVWDWHPHQW 
z $VWKPDGLDJQRVHVLQFUHDVHGDPRQJDOOGHPRJUDSKLFJURXSVEHWZHHQDQG
EXWFKLOGUHQZHUHKLWKDUGHVWZLWKDVWKPDDIIHFWLQJSHUFHQWRIFKLOGUHQ
FRPSDUHGZLWKSHUFHQWRI86DGXOWV

&KLQD 

,WLVOHDUQWKDWWKHUHLVFORVHWRPLOOLRQDVWKPDSDWLHQWV&KLQDKDVFORVHWRPLOOLRQ
DVWKPDSDWLHQWVLQFLGHQWUDWHLVEHWZHHQWRFKLOGUHQEHORZ\HDUVROGKDYHDQ
HYHQKLJKHULQFLGHQWUDWH>@7KHQDWLRQDODYHUDJHOHYHOLV>@
$FFRUGLQJ WR WKH QDWLRQDO HSLGHPLRORJ\ LQYHVWLJDWLRQ RQ FKLOGUHQ WKH DVWKPD LQFLGHQW
UDWHKDVLQFUHDVHGGXULQJWKHSDVW\HDUV>@

%HLMLQJ ,Q %HLMLQJ WKH FKLOGUHQ DVWKPD LQFLGHQW UDWH DPRQJ  \HDU DJH JURXS KDV
DOUHDG\H[FHHGHGPHDQLQJHDFKPLGGOHVFKRROSULPDU\VFKRROFODVVRQDYHUDJHKDV
RQHDVWKPDFKLOG>@

1DQMLQJ 7KH 1DQMLQJ &KLOGUHQ +RVSLWDO HYHU\ WHQ \HDUV FDUULHV RXW VDPSOH VXUYH\ RQ
LQFLGHQWV RI FKLOGUHQ DVWKPD =KDR 'H\X WROG WKH MRXUQDOLVW ³$FFRUGLQJ WR RXU
LQYHVWLJDWLRQLQWKHLQFLGHQWRIFKLOGUHQDVWKPDLQWKH±DJHJURXSZDVDERXW
E\KDVH[FHHGHG´=KDRLV'LUHFWRU,QWHUQDO0HGLFLQH1DQMLQJ&KLOGUHQ
+RVSLWDODVZHOODVYLFHGLUHFWRURISHGLDWULFVSHFLDOLVW3HGLDWULF6XEGLYLVLRQ1DQMLQJ
PHGLFDODVVRFLDWLRQ>@
=KDR'H\XUHSRUWHGWKHLQFLGHQWRIDVWKPDLQFUHDVHV\HDUE\\HDU,QWKHDVWKPD
LQFLGHQWLQ1DQMLQJZDVEXWE\KDVDOPRVWGRXEOHGUHDFKLQJ³2XU
$VWKPDRXWSDWLHQWVHUYLFHHDUOLHUUHFHLYHGDERXW±SDWLHQWVHDFKPRUQLQJ6LQFHWKH
SDVW±\HDUVHDFKZHHNHQGPRUQLQJFRXOGUHDFKSDWLHQWV´

-LQDQ7KHMRXUQDOLVW OHDUQWDWD QXPEHU RI KRVSLWDOV GXULQJ DFWLYLWLHV VHHLQJ SDWLHQWV RQ
YROXQWHHU EDVLV GXH WR HQYLURQPHQW DQG RWKHU IDFWRUV WKH LQFLGHQWV RI FKLOGUHQ DVWKPD
KDVVLJQLILFDQWO\LQFUHDVHGFRPSDUHGZLWK\HDUVDJR>@
2QWKH³:RUOG$VWKPD'D\´  GXULQJDFWLYLWLHVVHHLQJSDWLHQWVRQYROXQWHHU
EDVLVWKH6KDQGRQJ3URYLQFLDO+RVSLWDODQGWKH6KDQJGRQJ8QLYHUVLW\4LOX&KLOGUHQ¶V
+RVSLWDOH[DPLQHGFKLOGUHQDQGRIWKHPZHUHGLDJQRVHGZLWKDVWKPD

;LDPHQ $FFRUGLQJ WR WKH QDWLRQDO HSLGHPLRORJ\ LQYHVWLJDWLRQ RQ FKLOGUHQ LQ 
FKLOGUHQ¶V DVWKPD LQFLGHQW UDWH LQ ;LDPHQ LV  PXFK KLJKHU WKDQ WKH QDWLRQDO
DYHUDJHOHYHORI>@

>@+HDOWK1HZV86$VWKPD5DWHV5LVLQJEXW5HDVRQV8QFOHDU&'& 
KWWSZZZKHDOWKQHZVFRPHQQHZV86$VWKPD5DWHV5LVLQJEXW5HDVRQV8QFOHDU&'
&4<\GTHM6HJ6K+\1.)

>@4LDQORQJZHEVLWH$VWKPD5DWHLQ%HLMLQJH[FHHGV
KWWSQHZVFQWYFQVKWPO

>@3HRSOH VZHEVLWH$VWKPD5DWHLQ1DQMLQJVSHFLDOLVWVVXJJHVWLRQ
LGHQWLI\WKHDOOHUJHQWRSUHYHQW  KWWSMVSHRSOHFRPFQKWPOKWPO

>@-LQQDQ7LPHV3UHYDOHQFHRIDVWKPDFOHDUO\LQFUHDVHVLQ-LQQDQ
KWWSQHZVFRP&*77$('KWPO
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>@ 6RXWKHDVW :HEVLWH  ;LDPHQ &KLOGUHQ $VWKPD ,QFLGHQW 5DWH 0XFK
+LJKWHU7KDQ1DWLRQDO/HYHO&DXVHGE\5RRP'XVWDQG$FDULGV
KWWSQHZVFRPVKWPO




˅
˅86$DQG&KLQD¶V&KLOGUHQZLWK&KURQLF'LVHDVHV5DSLGO\,QFUHDVH
7KHSHUFHQWDJHRIFKLOGUHQZLWKDFXUUHQWFKURQLFGLVHDVHURVHWR
LQWKHSHUFHQWDJHRINLGVZKRKDGHYHUKDGDFKURQLFLOOQHVV
JUHZWRLQWKHVDPHWLPHLQ86$,Q&KLQDDPRQJFKLOGUHQ\RXWK
DQG\RXQJVWHUVLQFLGHQWUDWHRIKLJKEORRGSUHVVXUHOLSLGGLVRUGHUV
EDVHGRQVXUYH\LQDQXPEHURISURYLQFHVDQGFLWLHVWKHLQFLGHQW
UDWH RI SUHVFKRRO DJH FKLOGUHQ ZLWK KLJK EORRG SUHVVXUH KDV DOUHDG\
UHDFKHGDQGIRUVFKRROFKLOGUHQDOUHDG\

86$
z $IROORZXSVWXG\RIFKLOGUHQIURPWRDQGIROORZHGHDFKFKLOGIRU
VL[\HDUVSXEOLVKHGE\-RXUQDORIWKH$PHULFDQ0HGLFDO$VVRFLDWLRQLQ)HE
VKRZV0RUHWKDQKDOIRIFKLOGUHQDJHVWRKDYHKDGDORQJWHUPKHDOWKSUREOHP
DWVRPHSRLQWVXFKDVREHVLW\DVWKPDDOHDUQLQJGLVDELOLW\RURWKHUDLOPHQW>@
7KRXJKWKHSHUFHQWDJHRIFKLOGUHQZLWKDFXUUHQWFKURQLFGLVHDVHURVHWRLQ
WKHSHUFHQWDJHRINLGVZKRKDGHYHUKDGDFKURQLFLOOQHVVJUHZWRLQ
WKHVDPHWLPH>@ 
z 0XFKRIWKHLQFUHDVHLQFKURQLFGLVHDVHVZDVDUHVXOWRIREHVLW\VD\VDXWKRU-HDQQH
9DQ&OHDYHRIWKH0DVV*HQHUDO+RVSLWDOIRU&KLOGUHQLQ%RVWRQ>@ 
z ,QDQRWKHUVWXG\SXEOLVKHGLQ$FDGHPLF3HGLDWULFVDQHVWLPDWHGRI86FKLOGUHQ
PLOOLRQ FXUUHQWO\KDYHDWOHDVWRIFKURQLFKHDOWKFRQGLWLRQVDVVHVVHG
LQFUHDVLQJWRZKHQRYHUZHLJKWREHVLW\RUEHLQJDWULVNIRUGHYHORSPHQWDO
GHOD\VDUHLQFOXGHG7KLVWHOOVXVPDWWHUVDUHPXFKZRUVHQRZ±SHUKDSVDUHQRZ
FKURQLFDOO\LOOQRWFRXQWLQJREHVLW\>@ 
z )XUWKHUPRUHDVWKLVVWXG\LVEDVHGRQODWHVWGDWDGDWD\HDUVROGGDWDWKXVWKH
VLWXDWLRQLQVKRXOGEHHYHQZRUVW>@ 
z 7KHVWXG\SXEOLVKHGE\WKH-XQHLVVXHRI$FDGHPLF3HGLDWULFVDOVRVDLG
GHYHORSPHQWDOGLVDELOLW\LVRQWKHULVHLQWKH86%HWZHHQDQGWKH
QXPEHURIVFKRRODJHFKLOGUHQGLDJQRVHGZLWKDXWLVP$'+'RUDQRWKHU
GHYHORSPHQWDOGLVDELOLW\URVHE\DERXWSHUFHQW,WDOVRVDLGURXJKO\SHUFHQWRI
NLGV±QHDUO\PLOOLRQ±KDYHVXFKDGLVDELOLW\>@ 
z 7KHVHUDWHVZLOOFRQWLQXHWRLQFUHDVHLQYLHZRIRQHRIWKHDXWKRUV>@VLQFHQRWKLQJ
LVUHDOO\FKDQJLQJLQWHUPVRIWKHDPRXQWRIXQKHDOWK\LQGXVWULDOO\SURFHVVHGIRRGV
IDPLOLHVDQGFKLOGUHQHDWWKHSRRU86'$GLHWDU\JXLGHOLQHVEHLQJSURPRWHGDV
KHDOWK\WKHYHU\KLJKUDWHRIYDFFLQDWLRQVDQGWKHLUGDPDJHVLQIOLFWHGDFRQWLQXLQJ
IORZRISKDUPDFHXWLFDOVDQGRIFRXUVHRWKHUHQYLURQPHQWDODQGOLIHVW\OHIDFWRUV6R
LQILYH\HDUVZHPD\EHORRNLQJDWRI$PHULFDQFKLOGUHQEHLQJFKURQLFDOO\
LOODQGHYHQPRUHREHVLW\DQGLQIHUWLOLW\>@
z $IXUWKHUVWXG\SXEOLVKHGE\WKH$UFKLYHVRI3V\FKLDWU\LQ0DUFKDQGLWIRXQGWKDW
WKH86KDVWKHKLJKHVWLQWKHZRUOGOLIHWLPHUDWHRIELSRODUGLVRUGHUDWDQG
,QGLDWKHORZHVWZLWKDVUHSRUWHGE\&11,QRWKHUZRUGVWKH86KDV
WLPHVPRUHELSRODUV PDQLFGHSUHVVLYHV WKDQ,QGLD%LSRODUGLVRUGHULVFKDUDFWHUL]HG
E\F\FOHVRIGHSUHVVLRQDQGPDQLDDHXSKRULFKLJKHQHUJ\VWDWHWKDWFDQUHVXOWLQ
KHLJKWHQHGOHYHOVRIFUHDWLYLW\RURXWSXWDVZHOODVHUUDWLFRUULVN\EHKDYLRU3HRSOH
ZLWKELSRODUGLVRUGHUDUHDWKLJKULVNRIVXEVWDQFHDEXVHDQGVXLFLGHDQGWUHDWPHQW
LQFOXGHVSV\FKLDWULFFDUHDQGPHGLFDWLRQ>@
z %R\VKDGDKLJKHUSUHYDOHQFHRYHUDOODQGIRUDQXPEHURIVHOHFWGLVDELOLWLHV
FRPSDUHGZLWKJLUOV+LVSDQLFFKLOGUHQKDGWKHORZHVWSUHYDOHQFHIRUDQXPEHURI
GLVDELOLWLHVFRPSDUHGZLWKQRQ+LVSDQLFZKLWHDQGEODFNFKLOGUHQ/RZLQFRPHDQG
SXEOLFKHDOWKLQVXUDQFHZHUHDVVRFLDWHGZLWKDKLJKHUSUHYDOHQFHRIPDQ\
GLVDELOLWLHV3UHYDOHQFHRIDQ\GHYHORSPHQWDOGLVDELOLW\LQFUHDVHGIURPWR
RYHU\HDUVLHDLQFUHDVH$XWLVPDWWHQWLRQGHILFLWK\SHUDFWLYLW\
GLVRUGHUDQGRWKHUGHYHORSPHQWDOGHOD\VLQFUHDVHGZKHUHDVKHDULQJORVVVKRZHGD
VLJQLILFDQWGHFOLQH7KHVHWUHQGVZHUHIRXQGLQDOORIWKHVRFLRGHPRJUDSKLF
VXEJURXSVH[FHSWIRUDXWLVPLQQRQ+LVSDQLFEODFNFKLOGUHQ>@ 
z :HGRQ WNQRZIRUVXUHZK\WKHLQFUHDVHKDSSHQHGVWXG\DXWKRU6KHUHH%RXOHWRI
WKH&HQWHUVIRU'LVHDVH&RQWURODQG3UHYHQWLRQWROG5HXWHUV>@ 
z %XW3KLOLS/DQGULJDQRIWKH0RXQW6LQDL6FKRRORI0HGLFLQHLQ1HZ<RUN&LW\WROG
86$7RGD\WKDWLPSURYHPHQWVLQGLDJQRVLVFDQ WIXOO\H[SODLQWKHLQFUHDVH5HVHDUFK
VXJJHVWVWKDWHQYLURQPHQWDOFKHPLFDOVLQFOXGLQJSHVWLFLGHVDQGWKHSKWKDODWHV
IRXQGLQVRIWSODVWLFVFDQDIIHFWNLGV PHQWDOGHYHORSPHQWKHVDLG>@

&KLQD
z 7KHUHVXOWRIWKHUHFHQWO\DQQRXQFHG³&KLQD¶V8UEDQ+HDOWK6XUYH\´LQGLFDWHV
FKURQLF GLVHDVH LQFLGHQWV LQ &KLQD DSSHDU ZLWK D WUHQG WRZDUGV \RXQJHU DJHV
6DQLWDWLRQ VSHFLDOLVWV VXJJHVW VKRXOG HQKDQFH JXLGDQFH DQG LQWHUIHUHQFH WR
LQGLYLGXDOOLIHVW\OH0RUWDOLW\FDXVHGE\FKURQLFGLVHDVHVDFFRXQWVWRLQ&KLQD
$V VRFLDO SUHVVXUH LQFUHDVHV PHGLXPDJH DQG \RXQJ SHRSOH ZLWK FKURQLF GLVHDVH
EHJLQV WR LQFUHDVH ZLWK D WUHQG RI ZKLFK LQFLGHQW UDWHV JUDGXDOO\ LQFUHDVH \HDU E\
\HDU 6SHFLDOLVWV FRQVLGHU FRPSDUHG ZLWK LQIHFWLRXV GLVHDVH WKH ODWHQW SHULRG RI
FKURQLFGLVHDVHLVUDWKHUORQJWKXVVKRXOGJLYHHPSKDVLVRQSUHYHQWLRQ>@
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z &KLQDFDUULHVRXWQDWLRQDOUHVLGHQWQXWULWLRQDQGKHDOWKFRQGLWLRQVXUYH\HYHU\
\HDUV$FFRUGLQJWRWKHUHFHQWVXUYH\REHVLW\DQGRYHUZHLJKWDOUHDG\EHFRPHDQ
RXWVWDQGLQJKHDOWKSUREOHPDPRQJXUEDQFKLOGUHQ\RXWKDQG\RXQJVWHUV7KHUHVXOW
RIWKHQDWLRQDOVWXGHQWFRUSRUHLW\DQGKHDOWKVXUYH\DOVRLQGLFDWHGWKHREHVLW\
UDWHDQGRYHUZHLJKWUDWHRIXUEDQER\V±\HDUVDJHKDVDOUHDG\UHDFKHG
DQGDQGUHVSHFWLYHO\KLJKHUWKDQ>@
z <DQJ;LDRJXDQJUHVHDUFKHU&KLQD&'&FRQVLGHUVLWLVHVWLPDWHGWKDWWKH
LQFLGHQWVRIRYHUZHLJKWDQGDVVRFLDWHGFKURQLFGLVHDVHVVKDOOLQFUHDVHVXEVWDQWLDOO\
GXULQJWKHQH[W±\HDUV,ISRZHUIXOLQWHUIHUHQFHDFWLRQVDUHQRWDGRSWHGWKH
UDWLRRIUHVLGHQWVZLWKQRUPDOERG\ZHLJKWVKDOOUHGXFHIURPDWSUHVHQWWR
>@
z ,Q&KLQDZLWKLQHYHU\GLDEHWHVSDWLHQWRQHRIWKHPLVD\RXWKRU\RXQJVWHUZLWK
W\SH  GLDEHWHV LQFUHDVLQJ PRVW UDSLGO\ (VWLPDWHG DFFRUGLQJO\ &KLQD DOUHDG\ KDV
FORVH WR  PLOOLRQ \RXWK DQG \RXQJVWHUV ZLWK GLDEHWHV :LWK %HLMLQJ DV H[DPSOH
ZLWKLQ WKH  ±  \HDU DJH JURXS RI XUEDQ DQG UXUDO FKLOGUHQ DQG \RXQJVWHUV WKH
LQFLGHQWUDWHRIGLDEHWHVLVWKHLQFLGHQWUDWHRILPSDLUHGIDVWLQJJOXFRVH ,)* 
LH SUHGLDEHWHV KDV DOUHDG\ UHDFKHG  6LQFH WKH V RI WKH SDVW FHQWXU\ WKH
LQFLGHQWUDWHRIGLDEHWHVLQ&KLQDDOPRVWGRXEOHVHYHU\\HDUV>@
z 7KH%HLMLQJ+HDOWK %XUHDXRUJDQL]HGDQXPEHU RI KRVSLWDOVWRFDUU\ RXW DQ RYHUDOO
VXUYH\RIRYHUZHLJKWKLJKEORRGSUHVVXUHW\SHGLDEHWHVDQGOLSLGGLVRUGHUVDPRQJ
DJHJURXSEHORZ\HDUV7KHUHVXOWVKRZV$PRQJFKLOGUHQ\RXWKDQG\RXQJVWHUV
LQFLGHQW UDWH RI KLJK EORRG SUHVVXUH  OLSLG GLVRUGHUV  7KLV PHDQV ZLWKLQ
HYHU\FKLOGUHQWKHUHLVDERXWFKLOGUHQZLWKKLJKEORRGSUHVVXUHDQGDERXW
FKLOGUHQ ZLWK G\VOLSLGHPLD $QG DPRQJ FKLOGUHQ ZLWK GLDEHWHV WKRVH ZLWK W\SH 
GLDEHWHV DOUHDG\ DFFRXQWHG WR  FRPSDUHG ZLWK OHVV WKDQ   \HDUV DJR
6SHFLDOLVWDQDO\VLVWKHRYHUZHLJKWLVWKHNH\IRUFDXVLQJWKHLQFUHDVLQJWUHQGRIWKHVH
GLVHDVHV,Q%HLMLQJWKHUDWHRIRYHUZHLJKWDPRQJFKLOGUHQ\RXWKDQG\RXQJVWHUVLV
DOUHDG\FORVHWRPHDQLQJDLQFUHDVHVLQFH>@
z 3URI:DQJ:HQ1DWLRQDO&DUGLRYDVFXODU&HQWHU)XZDL+RVSLWDORI&KLQD$FDGHP\
RI0HGLFDO6FLHQFHSRLQWVRXWEDVHGRQVXUYH\LQDQXPEHURISURYLQFHVDQGFLWLHV
WKH LQFLGHQW UDWH RI SUHVFKRRO DJH FKLOGUHQ ZLWK KLJK EORRG SUHVVXUH KDV DOUHDG\
UHDFKHG    DQG IRU VFKRRO FKLOGUHQ DOUHDG\    LQ ZKLFK RYHUZHLJKW
FKLOGUHQDUHPDMRULW\,Q86$DQG-DSDQWKHLQFLGHQWUDWHIRUFKLOGUHQUHVSHFWLYHO\LV
DQG+LJKEORRGSUHVVXUHLVTXLHWO\VWHDOLQJ&KLOGUHQ¶VKHDOWK>@ 

5HIHUHQFHV

>@/L]6]DER0RUHFKLOGUHQKDYHFKURQLFGLVHDVHVVWXG\FLWHVREHVLW\86$7RGD\
KWWSZZZXVDWRGD\FRPQHZVKHDOWKFKURQLFBVWB1KWP

>@$XJLH$ODUPLQJ1HZ6WXGLHVRI86&KLOGUHQ+DYH&KURQLF
'LVHDVH'LVRUGHUV'HYHORSPHQWDOO\'LVDEOHG-RXUQDO/LYLQJ)RRG
KWWSMRXUQDOOLYLQJIRRGXVDODUPLQJQHZVWXGLHVRIXVFKLOGUHQKDYHFK
URQLFLOOQHVVHVGHYHORSPHQWDOO\GLVDEOHG 

>@&KULVWLQD'%HWKHOODWHO$1DWLRQDODQG6WDWH3URILOHRI/HDGLQJ+HDOWK3UREOHPV
DQG+HDOWK&DUH4XDOLW\IRU86&KLOGUHQ.H\,QVXUDQFH'LVSDULWLHVDQG$FURVV6WDWH
9DULDWLRQV$FDGHPLF3HGLDWULFV0D\-XQ 6XSSO 6
KWWSZZZQFELQOPQLKJRYSXEPHG 

>@ 'DYLG : )UHHPDQ 'HYHORSPHQWDO GLVDELOLW\ RQ ULVH LQ 86 NLGV :K\" &%6

KWWSZZZFEVQHZVFRPBKWPO

>@&ROHHQ$%R\OHDWDO3UHYDOHQFHRI$XWLVP6SHFWUXP'LVRUGHUVLQ+LVSDQLFDQG
1RQ+LVSDQLF:KLWH&KLOGUHQ3HGLDWULFVHH
KWWSSHGLDWULFVDDSSXEOLFDWLRQVRUJFRQWHQWHDUO\SHGVDEVWUDFW

>@&KLQDUDGLRZHEVLWH3UHYDOHQFHRIFKURQLFGLVHDVHDSSHDUZLWKWUHQGRI
ORZHUDJHKWWSZZZFKLQDQHZVFRPMNVKWPO

>@ -LD[LQJ RQOLQH KHDOWK IUHTXHQF\  2EHVLW\ GLVWXUEV &KLQHVH FKURQLF
GLVHDVHFDXVHGLQFUHDVHV 
KWWSZZZFQM[ROFRPKHDOWKQHZVFRQWHQWFRQWHQWBKWP

>@ 3HRSOH V ZHEVLWH  &KLQD UDQNV WKH 1R QDWLRQ LQ GLDEHWHV FKLOGUHQ V
GLDEHWHVGRXEOHGLQWHQ\HDUV
KWWSQHZV[LQKXDQHWFRPKHDOWKFBKWP 

>@%HLMLQJ79ZHEVLWHFKLOGUHQFKURQLFGLVHDVHSUHYDOHQFHLQFUHDVLQJ
KWWSZZZEWYRUJEWYZHEEWYFRQWHQWBKWP

>@ /LIH 7LPHV  2EHVLW\ FKLOGUHQ WDNH FDUH RI KLJK EORRG SUHVVXUH
PDLQWDLQLQJRQHKRXUH[HUFLVHHDFKGDWHLVKHOSIXOIRUSUHYHQWLRQ
KWWSKHDOWKVLQDFRPFQGVKWPO
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˅
˅86$DQG&KLQD¶V3DWLHQWV5HDVRQ8QFOHDU,QFUHDVH'XULQJ3DVW7HQ
<HDUV  RI $PHULFDQV LQ  KDG DW OHDVW RQH FKURQLF PHGLFDO
FRQGLWLRQ &KLQHVH UHVLGHQWV ZLWK FKURQLF GLVHDVH LV DOUHDG\  WKH
WRWDO QXPEHU RI GHWHUPLQHG GLDJQRVHG FKURQLF SDWLHQWV UHDFK 
PLOOLRQ 'XULQJ SDVW WHQ \HDUV WKHUH DUH  PLOOLRQ FKURQLF GLVHDVH
SDWHQWVQHZO\GLDJQRVHGHDFK\HDU

86$ 
z %DVHGRQJRYHUQPHQWVXUYH\GDWDSHUFHQWRI$PHULFDQVLQKDGDWOHDVWRQH
FKURQLFPHGLFDOFRQGLWLRQZKLFKFRXOGLQFOXGHGLDEHWHVKLJKEORRGSUHVVXUHKLJK
FKROHVWHUROOHYHOVFDQFHUDUWKULWLVKHDUWIDLOXUHDQGRWKHUV7KDWFRPSDUHVWR
SHUFHQWLQ7KHSHUFHQWDJHRI$PHULFDQVZLWKWKUHHRUPRUHFKURQLFLOOQHVVHV
URVHHYHQPRUHVKDUSO\IURPSHUFHQWLQWRSHUFHQWLQ>@

&KLQD
z $WWKHVDPHWLPHRXUQDWLRQ¶VHFRQRP\HQMR\VUDSLGGHYHORSPHQWZHDUHDOVR
HQFRXQWHUHGE\WKHKHDY\EXUGHQRIFKURQLFGLVHDVHVRIZKLFKLQFLGHQFHVLVTXLFNO\
LQFUHDVLQJDQGDSSHDULQJDPRQJ\RXQJHUSHRSOH³'XULQJSDVWWHQ\HDUVWKHQXPEHU
RIGLDJQRVHGFKURQLFGLVHDVHSDWLHQWVKDVLQFUHDVHGZKLFKLQFOXGHGLDEHWHV
LQFUHDVLQJRYHUWKUHHWLPHVKLJKEORRGSUHVVXUHLQFUHDVLQJRYHUWLPHV
FHUHEURYDVFXODUGLVHDVHLQFUHDVLQJRQHWLPHFRURQDU\KHDWGLVHDVHLQFUHDVLQJ
FDQFHULQFUHDVLQJ´5HVXOWRIWKHWK1DWLRQDO6DQLWDWLRQ6HUYLFH*HQHUDO6XUYH\

z

z

z
z

VKRZWKHSHUFHQWDJHRI&KLQHVHUHVLGHQWVZLWKFKURQLFGLVHDVHLVDOUHDG\WKH
WRWDOQXPEHURIGHWHUPLQHGGLDJQRVHGFKURQLFSDWLHQWVUHDFKPLOOLRQ'XULQJ
SDVWWHQ\HDUVWKHUHDUHPLOOLRQFKURQLFGLVHDVHSDWHQWVQHZO\GLDJQRVHGHDFK
\HDU&KURQLFGLVHDVHVDFFRXQWIRUWKHFDXVHRIPRUWDOLW\DQGRIWKH
PHGLFDOFDUHILQDQFLDOEXUGHQ&KURQLFGLVHDVHVEULQJVXEVWDQWLDOEXUGHQWRIDPLO\
OLIHVDQLWDWLRQVHUYLFHV\VWHPDQGSXEOLFILDQFpHVSHFLDOO\KDYHVHULRXVHIIHFWRQWKH
ORZLQFRPHSRSXODWLRQ$FFRUGLQJWRVWDWLVWLFWKHSHUFHQWDJHRIFKURQLFGLVHDVH
PHGLFDOWUHDWPHQWFRVWZLWKLQWKHWRWDOVDQLWDWLRQH[SHQGLWXUHVKDVDOUHDG\IURP
LQLQFUHDVHGWRLQDPRXQWLQJWRDERXW50%ELOOLRQ
DSSUR[86'ELOOLRQ ˈKDYHDOUHDG\EHFRPHDVHULRXVSXEOLFVDQLWDWLRQSUREOHP
DQGVRFLDOSUREOHP7KH:+2HVWLPDWHV&KLQD¶VGLUHFWPHGLFDOFRVWVIRUFKURQLF
GLVHDVHVE\ZLOOH[FHHG86'ELOOLRQ 
5HSRUW³&KLQD&KURQLF'HVHDVH5HSRUWDQG1HZ'HYHORSPHQWVLQ,QWHUQDWLRQDO
&KURQLF'LVHDVH3UHYHQWLRQDQG&RQWURO´E\:DQJ6KL\RQJ6HQLRUKHDOWK
VSHFLDOLVW:RUOG%DQN&KLQD2IILFHUHYHDOHG 
6KL;LDRPLQJ&KLHI&KURQLF'LVHDVH&RPPXQLW\6HFWLRQ&'&UHYHDOHG$W
SUHVHQW&KLQDKDVPLOOLRQREHVHPLOOLRQRYHUZHLJKWPLOOLRQKLJKEORRG
SUHVVXUHPLOOLRQKLJKFKROHVWHULQDQGPLOOLRQGLDEHWHVSDWLHQWV   
&KLQD¶VPLGGOHDQGROGDJHSHRSOHKDYHRQDYHUDJHW\SHVRIGHVHDVHV 
,Q$SULOWKH0LQLVWU\RI+HDOWKLVVXHG7KH&KLQD&KURQLF'LVHDVH5HSRUW7KH
5HSRUWVKRZVWKDWWKHKHDOWKRI&KLQHVHUHVLGHQWVLVIDFLQJVHULRXVFKDOOHQJHE\
FKURQLFGLVHDVHV7KHILUVWWKFDXVHVRIGHDWKVDUHFHUHEURYDVFXODUGLVHDVHFDQFHU

UHVSLUDWRU\V\VWHPGLVHDVHDQGKHDUWGLVHDVHDOOFKURQLFGLVHDVH>@    
z &KURQLFGLVHDVHLVRQHRIWKHJUHDWHVWFKDOOHQJHVWRKHDOWKRIPDQNLQG$WWKHVDPH
WLPHRXUQDWLRQ¶VHFRQRP\HQMR\VUDSLGGHYHORSPHQWZHDUHDOVRHQFRXQWHUHGE\WKH
KHDY\EXUGHQRIFKURQLFGLVHDVHVRIZKLFKLQFLGHQFHVLVTXLFNO\LQFUHDVLQJDQG
DSSHDULQJDPRQJ\RXQJHUSHRSOH7KHQXPEHURIDOUHDG\GLDJQRVHGFKURQLFSDWLHQWV
H[FHHGVPLOOLRQ&KURQLFGLVHDVHVDFFRXQWIRUWKHFDXVHRIPRUWDOLW\DQG
RIWKHPHGLFDOFDUHILQDQFLDOEXUGHQ&KURQLFGLVHDVHVEULQJVXEVWDQWLDOEXUGHQ
WRIDPLO\OLIHVDQLWDWLRQVHUYLFHV\VWHPDQGSXEOLFILDQFpHVSHFLDOO\KDYHVHULRXV
HIIHFWRQWKHORZLQFRPHSRSXODWLRQKDYHDOUHDG\EHFRPHDVHULRXVSXEOLFVDQLWDWLRQ
SUREOHPDQGVRFLDOSUREOHP>@
z /L/LDQGD$FDGHPLFLDQ&KLQD$FDGHP\RI(QJLQHHULQJUHYHDOHG³'XULQJSDVWWHQ
\HDUVWKHQXPEHURIGLDJQRVHGFKURQLFGLVHDVHSDWLHQWVKDVLQFUHDVHGZKLFK
LQFOXGHGLDEHWHVLQFUHDVLQJRYHUWKUHHWLPHVKLJKEORRGSUHVVXUHLQFUHDVLQJRYHU
WLPHVFHUHEURYDVFXODUGLVHDVHLQFUHDVLQJRQHWLPHFRURQDU\KHDWGLVHDVHLQFUHDVLQJ
FDQFHULQFUHDVLQJ´>@
z 5HVXOWRIWKHWK1DWLRQDO6DQLWDWLRQ6HUYLFH*HQHUDO6XUYH\VKRZWKHSHUFHQWDJHRI
&KLQHVHUHVLGHQWVZLWKFKURQLFGLVHDVHLVDOUHDG\WKHWRWDOQXPEHURI
GHWHUPLQHGGLDJQRVHGFKURQLFSDWLHQWVUHDFKPLOOLRQ'XULQJSDVWWHQ\HDUVWKHUH
DUHPLOOLRQFKURQLFGLVHDVHSDWHQWVQHZO\GLDJQRVHGHDFK\HDU&KURQLFGLVHDVH
DOUHDG\DFFRXQWDVWKHFDXVHRIRYHUPRUWDOLW\
z ³,QRXUQDWLRQFKURQLFGLVHDVHDOUHDG\IRUPVDPDMRUWKUHDWWRSXEOLFKHDOWK´.RQJ
/LQJ]KL'HSXW\'LUHFWRU&KLQD&'&VD\V$FFRUGLQJWRVWDWLVWLFWKHSHUFHQWDJHRI
FKURQLFGLVHDVHPHGLFDOWUHDWPHQWFRVWZLWKLQWKHWRWDOVDQLWDWLRQH[SHQGLWXUHVKDV
DOUHDG\IURPLQLQFUHDVHGWRLQDPRXQWLQJWRDERXW50%
ELOOLRQ DSSUR[86'ELOOLRQ 
z 7KH:+2HVWLPDWHV&KLQD¶VGLUHFWPHGLFDOFRVWVIRUFKURQLFGLVHDVHVE\ZLOO
H[FHHG86'ELOOLRQ
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>@&KRQJTLQJ(YHQLQJ1HZV0LQLVWU\RI+HDOWK0LQLVWHU6WDWHG7KDW
0RUWDOLW\5DWHRI&KURQLF'LVHDVHLV$ERYH
KWWSQHZVTTFRPDKWP

>@&KLQD1HZV:HEVLWH&KLQD¶V&KURQLF'LVHDVH3DWLHQWV([FHHG
PLOOLRQLQFLGHQFHVLQFUHDVLQJZLWKWUHQGWRZDUGV\RXQJHUSHRSOH
KWWSQHZVTTFRPDKWP

>@+HEHL0HGLFLQHV&KLQD¶V&KURQLF'LVHDVH,QFLGHQWV,QFUHDVHG
'XULQJ3DVW7HQ<HDUV
KWWSQHZVFRPME\ZVKWPO

>@;LQKXD:HEVLWH:+2)LYH<HDUV/DWHU&KLQD¶V0HGLFDO&RVWVIRU
&KURQLF'LVHDVHVZLOO([FHHG86'%LOOLRQ
KWWSQHZVTTFRPDKWP



 $PHULFDQV+DYH'LDEHWHV&KLQHVH+DYH'LDEHWHV
([FHHGLQJ86$WKH5LVNLV9HU\+LJKIRUWKH³(DVW$VLDQ:HDNOLQJ´
1LJKWPDUHWR$UULYH$JDLQIRU&KLQD

86$˖>@
z 7RWDOSUHYDOHQFHRIGLDEHWHV
z 7RWDOPLOOLRQFKLOGUHQDQGDGXOWVLQWKH8QLWHG6WDWHV²RIWKH
SRSXODWLRQ²KDYHGLDEHWHV
z 'LDJQRVHGPLOOLRQSHRSOH8QGLDJQRVHGPLOOLRQSHRSOH3UHGLDEHWHV
PLOOLRQSHRSOH 
z 1HZ&DVHVPLOOLRQQHZFDVHVRIGLDEHWHVDUHGLDJQRVHGLQSHRSOHDJHG\HDUV
DQGROGHULQ 
z 8QGHU\HDUVRIDJH
z RURIDOOSHRSOHLQWKLVDJHJURXSKDYHGLDEHWHV
z $ERXWLQHYHU\FKLOGUHQDQGDGROHVFHQWVKDVGLDEHWHV
z $JH\HDUVRUROGHUPLOOLRQRURIDOOSHRSOHLQWKLVDJHJURXSKDYH
GLDEHWHV
z $JH\HDUVRUROGHUPLOOLRQRURIDOOSHRSOHLQWKLVDJHJURXSKDYH
GLDEHWHV
z 0HQPLOOLRQRURIDOOPHQDJHG\HDUVRUROGHUKDYHGLDEHWHV
z :RPHQPLOOLRQRURIDOOZRPHQDJHG\HDUVRUROGHUKDYHGLDEHWHV
z 5DFHDQGHWKQLFGLIIHUHQFHVLQSUHYDOHQFHRIGLDJQRVHGGLDEHWHV
z $IWHUDGMXVWLQJIRUSRSXODWLRQDJHGLIIHUHQFHVQDWLRQDOVXUYH\GDWDIRU
SHRSOHGLDJQRVHGZLWKGLDEHWHVDJHG\HDUVRUROGHULQFOXGHWKHIROORZLQJ
SUHYDOHQFHE\UDFHHWKQLFLW\RIQRQ+LVSDQLFZKLWHVRI$VLDQ
$PHULFDQVRIQRQ+LVSDQLFEODFNVRI+LVSDQLFV
z $PRQJ+LVSDQLFVUDWHVZHUHIRU&XEDQVIRU0H[LFDQ$PHULFDQV
IRU3XHUWR5LFDQV

&KLQD 
,Q&KLQDWKHUDWHRIGLDEHWHVKDVLQFUHDVHGWHQIROGGXULQJSDVW\HDUVUHDFKHG
DWSUHVHQWZLWKDERXW PLOOLRQFDWHJRUL]HG XQGHUKLJK ULVNRIWKHLOOQHVV
>@
2Q-L/LQRQJ'LUHFWRU&RPPLWWHH0HPEHURIWKH'LDEHWHV6XEVRFLHW\RI
WKH&KLQD0HGLFLQH6RFLHW\DWWKH1RWKQDWLRQDODFDGHPLFFRQIHUHQFHRIWKH'LDEHWHV
6XEVRFLHW\ RI WKH &KLQD 0HGLFLQH 6RFLHW\ &'6  SUHVHQW WKH VSHFLDOW\ VSHHFK -L
/LQRQJ UHSRUWHG WKDW &KLQD¶V GLDEHWHV SDWLHQW UDWH KDV GRXEOHG ZLWKLQ WKH ODVW
GHFDGHUHDFKHGQRZPDNLQJ&KLQDWKHODUJHVWGLDEHWHVSDWLHQWQDWLRQRIWKH
ZRUOGKLJKHUWKDQWKHJOREDODYHUDJHGLDEHWHVUDWHRI$WWKHVDPHWLPHWKH
GLDEHWHVKLJKULVNSRSXODWLRQLVDOVRH[SDQGLQJDERXWPLOOLRQSHRSOHDWSUHVHQW

6KDQJKDL¶V VXUYH\ LQGLFDWHV 'LDEHWHV SDWLHQWV LQ 6KDQJKDL GXULQJ  ± 
UDSLGO\LQFUHDVHG
;X :DQJKRQJ DW HO 3XEOLF +HDOWK &ROOHJH RI )XGDQ 8QLYHUVLW\ MRLQWO\ ZLWK 6KDQJKDL
&'& GHYHORSHG VXUYH\V RI WZR JURXSV RI SRSXODWLRQ ZKLFK LQGLFDWHG GXULQJ  ±
 WKHUH ZDV UDSLG LQFUHDVH LQ GLDEHWHV SDWLHQWV LQ 6KDQJKDL GLDJQRVHG GLDEHWHV
SDWLHQWVURVHXQGLDJQRVHGGLDEHWHVSDWLHQWVURVH>@

&KLQDEHFRPHVZRUOG VODUJHVWGLDEHWHVQDWLRQ>@
z &KLQDQRZKDVPRUHSHRSOHZLWKGLDEHWHVWKDQDQ\RWKHUFRXQWU\DQHZUHSRUW
VKRZVPDNLQJLWFOHDUWKDWWKHQDWLRQ VVRDULQJHFRQRPLFJURZWKLVWDNLQJDWROORQ
SXEOLFKHDOWK 
z $FFRUGLQJWRWKHUHSRUWPRUHWKDQPLOOLRQDGXOWVLQ&KLQDKDYHGLDEHWHVDQG
QHDUO\PLOOLRQPRUHDUHZHOORQWKHLUZD\WRGHYHORSLQJLW7KHGLVHDVHLVPRUH
FRPPRQLQSHRSOHZLWKODUJHZDLVWOLQHVDQGLQWKRVHZKROLYHLQFLWLHVWKHUHSRUW
LQGLFDWHV 
z 7KH)HGHUDWLRQSURMHFWHGODVW\HDUWKDWVRPHPLOOLRQSHRSOHZRXOGKDYHGLDEHWHV
E\:LWKWKLVQHZVWXG\ZH UHJRLQJWRKDYHWRUHUXQRXUHVWLPDWH:KLWLQJ
WROG5HXWHUV+HDOWK 
z 7KHUHSRUWSXEOLVKHG7KXUVGD\LQWKH1HZ(QJODQG-RXUQDORI0HGLFLQHLVEDVHGRQ
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z

z

z
z

DQDWLRQDOO\UHSUHVHQWDWLYHVDPSOHRIPRUHWKDQSHRSOHZKRZHUHWHVWHGIRU
GLDEHWHV>@
%DVHGRQWKHLUILQGLQJVWKHUHVHDUFKHUVFDOFXODWHWKDWDERXWPLOOLRQPHQDQG
PLOOLRQZRPHQKDYHGLDEHWHVRUDOPRVWLQDGXOWV$QGLQPRVWFDVHVWKH
GLVHDVHLVXQGLDJQRVHG 
7KHSUHYDOHQFHLVWZLFHDVKLJKDVHVWLPDWHVVXJJHVWHGE\SUHYLRXVVWXGLHVZKLFK
GLGQRWXVH:RUOG+HDOWK2UJDQL]DWLRQUHFRPPHQGHGWHVWVWRGLDJQRVHGLDEHWHVDQG
LVVLPLODUWR86QXPEHUV,WZRXOGSODFH&KLQDIDUDKHDGRI,QGLDZKRVHHVWLPDWHG
PLOOLRQGLDEHWLFVODQGVLWDGXELRXVVHFRQGSODFHLQWHUPVRIWKHWRWDOQXPEHURI
SHRSOHZLWKGLDEHWHV 
7KHVHGDWDUHDOO\VKRZGLDEHWHVKDVEHFRPHDPDMRUHSLGHPLFLQ&KLQD'U-LDQJ
+HRI7XODQH8QLYHUVLW\LQ1HZ2UOHDQVWROG5HXWHUV+HDOWK 
+HZKRZRUNHGRQWKHQHZVWXG\ZLWKFROOHDJXHVLQ&KLQDQRWHGWKDWGLDEHWHV
LVDULVNIDFWRUIRUKHDUWGLVHDVHZKLFKLVQRZWKHELJJHVWNLOOHULQWKHFRXQWU\
:HEDVLFDOO\QHHGWRPDNHGLDEHWHVRQHRIWKHWRSSULRULWLHVIRUSXEOLFKHDOWK
LQ&KLQDKHVDLG


5HIHUHQFHV
>@&'&˖'DWDIURPWKH1DWLRQDO'LDEHWHV)DFW6KHHW UHOHDVHG-DQ 
KWWSZZZGLDEHWHVRUJGLDEHWHVEDVLFVGLDEHWHVVWDWLVWLFV 

>@ ;LQKXD 1HZV $JHQF\  7LWOH &KLQD¶V GLDEHWHV SDWLHQW UDWH KDV UHDFKHG
KWWSZZZJRYFQMU]JFRQWHQWBKWP

>@ &KLQHVH 'LDEHWHV 6RFLHW\ &KLQD 0HGLFDO 6RFLHW\  6KDQJKDL &'&
SRSXODWLRQ VXUYH\ LQGLFDWHV GLDEHWHV SDWLHQWV ZLWKLQ  \HDUV LQFUHDVH  LQ 6KDQJKDL
KWWSFGVFKLQDRUJQHZVBVKRZMVS"LG KWPO 

>@5HXWHUVˈ0DUFKˈ&KLQDEHFRPHVZRUOG VQHZGLDEHWHVFDSLWDO
KWWSZZZUHXWHUVFRPDUWLFOHXVFKLQDGLDEHWHVLG8675(1 
>@:HQ\LQJ<DQJDWHOIRUWKH&KLQD1DWLRQDO'LDEHWHVDQG0HWDEROLF'LVRUGHUV6WXG\
*URXSˈ3UHYDOHQFHRI'LDEHWHVDPRQJ0HQDQG:RPHQLQ&KLQD1(QJO-0HG
0DUFKKWWSZZZQHMPRUJGRLIXOO1(-0RD



˅
˅$ERXWRQHLQHYHU\EDELHV DERXW LVERUQZLWKDELUWKGHIHFW
LQFOXGLQJDSSUR[GLDJQRVHGZLWK FRQJHQLWDOKHDUW GHIHFWVLQ86$
WKH LQFLGHQFH RI QHZERUQV ZLWK GHIHFWV LQ &KLQD DW SUHVHQW LV DERXW
WKHLQFLGHQFHRIQHZERUQVZLWKGHIHFWVVKRZVDWUHQGRILQFUHDVH
LQFUHDVHG IURPLQWRPLOOLRQLQLQFUHDVHUDWH
ZLWKFRQJHQLWDOKHDUWGLVHDVHEHFRPHVWKHQXPEHURQHGHIHFW

86$˖
z ,QWKH8QLWHG6WDWHVDERXWRQHLQHYHU\EDELHV DERXW LVERUQZLWKDELUWK
GHIHFW%LUWKGHIHFWVDUHRQHRIWKHOHDGLQJFDXVHVRILQIDQWGHDWKVDFFRXQWLQJIRU
PRUHWKDQRIDOOLQIDQWGHDWKV>@
z &RQJHQLWDOKHDUWGHIHFWVDUHGLDJQRVHGLQDSSUR[LPDWHO\RIELUWKVLQWKH8QLWHG
6WDWHVDQGDFFRXQWIRUWKHODUJHVWSURSRUWLRQRILQIDQWPRUWDOLW\DWWULEXWDEOHWRELUWK
GHIHFWV>@ 
z &RQJHQLWDOKHDUWGHIHFWVDIIHFWDSSUR[LPDWHO\RIOLYHELUWKVRIZKLFKDUH
HVWLPDWHGWREHFULWLFDODQGUHTXLUHVXUJHU\RUFDWKHWHUL]DWLRQZLWKLQWKHILUVW\HDURI
OLIH>@
z ,Q0LFKLJDQWKHSUHYDOHQFHRI&+'VUHSRUWHGE\\HDURIDJHIRUZKLWHVLQFUHDVHG
VOLJKWO\IURPDERXWFDVHVSHUOLYHELUWKVLQWRDERXWFDVHVSHU
OLYHELUWKVLQLHDQLQFUHDVHRI>@
z &RQJHQLWDOKHDUWGHIHFWV &+'V DFFRXQWIRURILQIDQWGHDWKVGXHWRELUWK
GHIHFWV,QWKH8QLWHG6WDWHVDERXW RUSHU EDELHVERUQHYHU\\HDU
KDYHRQHRIVHYHQFULWLFDOFRQJHQLWDOKHDUWGHIHFWV &&+'V>@ 
z ,QFRQJHQLWDOFDUGLRYDVFXODUGHIHFWVFRQWULEXWHGRQO\SHUFHQWRI&9'
GHDWKVKRZHYHUWKH\UHPDLQDOHDGLQJFDXVHRIGHDWKLQLQIDQWVDQGFKLOGUHQ
$PRQJFKLOGUHQDJHV±GDWDIURPWKH%RJDOXVD+HDUW6WXG\KDYHVKRZQWKDW
SHUFHQWQRZKDYHRQHRUPRUHULVNIDFWRUVIRUKHDUWGLVHDVHDQGWKDWDQ
DGGLWLRQDOSHUFHQWKDYHWZRRUPRUHULVNIDFWRUV7DNHQWRJHWKHUWKHVH
HSLGHPLRORJLFDOILQGLQJVDUHJUHDWFDXVHIRUDODUP>@
z ,QWKH8QLWHG6WDWHVKRVSLWDOFRVWVIRUSHRSOHZLWKDKHDUWGHIHFWZHUHDERXW
ELOOLRQLQRQH\HDU)DPLOLHVDQGWKHJRYHUQPHQWVKDUHWKHEXUGHQRIWKHVHFRVWV
ZKLFKPHDQVWKDWDOOWD[SD\HUVDUHDIIHFWHG2WKHUFRVWVGXHWRORVWZDJHVRUZRUN
OLPLWDWLRQVFDQDIIHFWIDPLOLHVDQGEXVLQHVVHVDVZHOO>@ 
z &'&7KHFDXVHRIPRVWFRQJHQLWDOKHDUWGHIHFWVLVXQNQRZQ>@

&KLQD 
z ,W LV HVWLPDWHG WKDW WKH LQFLGHQFH RI QHZERUQV ZLWK GHIHFWV LQ &KLQD DW SUHVHQW LV
DERXW  WKH QXPEHU RI QHZERUQV HDFK \HDU LV DERXW  ZKLFK LQFOXGHV
DERXWQHZERUQVZLWKFOLQLFDODSSDUHQWGHIHFWVDWERUQ>@
z 'XULQJ UHFHQW \HDUV WKH LQFLGHQFH RI QHZERUQV ZLWK GHIHFWV VKRZV D WUHQG RI
LQFUHDVH LQFUHDVHG IURP  LQ  WR  PLOOLRQ LQ  LQFUHDVH UDWH
 ,Q  WKH ILUVW  W\SHV RI GHIHFWV RI QHZERUQV LGHQWLILHG E\ KRVSLWDO
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H[DPLQDWLRQ DUH FRQJHQLWDO KHDUW GLVHDVH PDQ\ ILQJHUV WRH  WRWDO FOHIW OLS
FRQJHQLWDOK\GURFHSKDOXVDQGDQHXUDOWXEHGHIHFWV7KHGHIHFWVDFFRXQWIRURI
DOOGHIHFWVRIQHZERUQVLQZKLFKFRQJHQLWDOKHDUWGLVHDVHEHFRPHVWKHQXPEHURQH
GHIHFW>@
z 7KH VHTXHQFH RI ELUWK GHIHFWV LQ WKH QDWLRQDO LQIDQW GHDWKV UDQNHG 1R LQ 
ZKLFKDGYDQFHGWR1RLQUHDFKLQJ>@
z ,Q  FRQJHQLWDO KHDUW GHIHFWV DFFRXQW WR  RI DOO WKH QHZERUQV IRXQG ZLWK
GHIHFWVGXULQJPRQLWRULQJ>@
z 'XULQJ±WKHLQFLGHQFHRISHULQDWDOFRQJHQLWDOKHDUWGLVHDVHLVRQWKHULVH
,QWKHDYHUDJHLQFLGHQFHRIQHZERUQFRQJHQLWDOKHDUWGHIHFWVLVWLPHVRI
WLPHVLQXUEDQDUHDVDQGWLPHVLQUXUDODUHDV>@
z 7KHQDWLRQDOSUHYDOHQFHRISHULQDWDOELUWKGHIHFWVGHFUHDVHGWRDQGSHU
LQDQGUHVSHFWLYHO\FRPSDUHGZLWKLQPHDQLQJDW
OHDVWIHZHUFKLOGUHQZLWKELUWKGHIHFWVLQWKHSDVWWZR\HDUVVDLG=KDQJ
6KLNXQGLUHFWRURIWKHFRPPLVVLRQ VPDWHUQDODQGFKLOGKHDOWKVHUYLFHEXUHDXDWD
SUHVVFRQIHUHQFH>@

5HIHUHQFHV 

>@&'&%LUWK'HIHFWV'DWD 6WDWLVWLFV
KWWSZZZFGFJRYQFEGGGELUWKGHIHFWVGDWDKWPO

>@5DFLDO'LIIHUHQFHVE\*HVWDWLRQDO$JHLQ1HRQDWDO'HDWKV$WWULEXWDEOHWR&RQJHQLWDO
+HDUW'HIHFWV²8QLWHG6WDWHV&'&0RUELGLW\DQG0RUWDOLW\:HHNO\5HSRUW
-$0$  
KWWSMDPDDPDDVVQRUJFRQWHQWIXOO 

>@&'&.H\)LQGLQJV(VWLPDWLQJWKHLPSDFWRIQHZERUQVFUHHQLQJIRUFULWLFDO
FRQJHQLWDOKHDUWGHIHFWVLQWKH8QLWHG6WDWHV
KWWSZZZFGFJRYQFEGGGKHDUWGHIHFWVIHDWXUHVNH\ILQGLQJVVFUHHQLQJLPSDFWFFKGKWP
O

>@0LFKLJDQ'HSDUWPHQWRI&RPPXQLW\+HDOWK%XUHDXRI(SLGHPLRORJ\ˈ %LUWK'HIHFWV
3UHYDOHQFHDQG0RUWDOLW\LQ0LFKLJDQˈ $QQXDO5HSRUW
KWWSZZZPLFKLJDQJRYGRFXPHQWVPGFK%LUWKB'HIHFWB$QQXDOB5HSRUWBBSGI

>@&'&˖6FUHHQLQJIRU&ULWLFDO&RQJHQLWDO+HDUW'HIHFWV
KWWSZZZFGFJRYQFEGGGSHGLDWULFJHQHWLFVFFKGVFUHHQLQJ+WPO 

>@*HRUJH$0HQVDK'DYLG:%URZQ$Q2YHUYLHZ2I&DUGLRYDVFXODU'LVHDVH
%XUGHQ,Q7KH8QLWHG6WDWHV+HDOWK$II-DQXDU\YROQR
KWWSFRQWHQWKHDOWKDIIDLUVRUJFRQWHQWIXOO 

>@&'&)LYH)DFWVDERXW&RQJHQLWDO+HDUW'HIHFWV
KWWSZZZFGFJRY)HDWXUHV+HDUW'HIHFWV

>@³&KLQD1HZERUQ'HIHFW3UHYHQWLRQ$QG7UHDWPHQW5HSRUW  ´VLJQHGRQ6HSW

KWWSZZZPRKJRYFQSXEOLFILOHVEXVLQHVVFPVUHVRXUFHVPRKMFJFPVUVGRFXPHQWGRF
SGI

>@ -LQJKXD 7LPHV  7LWOH 2XU QDWLRQ¶V QHZERUQ ZLWK GHIHFWV KDV LQFUHDVHG
LVUHODWHGWRHOLPLQDWLRQRIFRPSXOVLYHKHDOWKFKHFNEHIRUHPDUULDJH 
KWWSKHDOWKSHRSOHFRPFQ*%KWPO

>@;LQKXD&KLQDVHHVGURSLQELUWKGHIHFWUDWH
KWWSZZZJOREDOWLPHVFQFRQWHQWVKWPO



 ,Q86$LQFUHDVHRIDXWLVPGXULQJ,Q&KLQDDXWLVP
UDWHLQYDULRXVDUHDVKDVUHDFKHGLQFUHDVHGWLPHVRYHU\HDUV
HQYLURQPHQWDOFKHPLFDOELRORJLFDOIDFWRUVSRLQWHGDVWKHFXOSULW

86$
z &'&HVWLPDWHV  LQFKLOGUHQ SHU KDVEHHQLGHQWLILHGZLWKDQ
DXWLVPVSHFWUXPGLVRUGHU $6' >@
z 7KLVPDUNVDLQFUHDVHVLQFHRXUODVWUHSRUWLQ$QGDLQFUHDVHVLQFH
RXUILUVWUHSRUWLQ6RPHRIWKHLQFUHDVHLVGXHWRWKHZD\FKLOGUHQDUH
LGHQWLILHGGLDJQRVHGDQGVHUYHGLQWKHLUORFDOFRPPXQLWLHVDOWKRXJKH[DFWO\KRZ
PXFKLVGXHWRWKHVHIDFWRUVLQXQNQRZQ>@    
z $6'VDUHDOPRVWWLPHVPRUHFRPPRQDPRQJER\V LQ WKDQDPRQJJLUOV LQ
 >@
z 7KH ODUJHVW LQFUHDVHV RYHU WLPH ZHUH DPRQJ +LVSDQLF FKLOGUHQ   DQG EODFN
FKLOGUHQ  >@
z &DOLIRUQLDDXWLVPSUHYDOHQFHPRUHWKDQWULSOHGIURPWR>@
z 7KH&DOLIRUQLDVFLHQWLVWV³ZHUHDWDORVVWRH[SODLQWKHUHDVRQVIRUZKDWWKH\FDOOHGDQ
HSLGHPLFRIDXWLVP´LQ>@
z ³7KHFDXVHVRIDXWLVPWREHPRUHHQYLURQPHQWDOO\LQIOXHQFHGWKDQSUHYLRXVO\
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WKRXJKW´±)LQGLQJVE\&DQDGLDQ6FLHQWLVWVLQ>@
z 3XEOLVKHG LQ WKH -DQXDU\  LVVXH RI WKH MRXUQDO (SLGHPLRORJ\ UHVXOWV IURP WKH
VWXG\DOVRVXJJHVWWKDWUHVHDUFKVKRXOGVKLIWIURPJHQHWLFVWRWKHKRVWRIFKHPLFDOV
DQGLQIHFWLRXVPLFUREHVLQWKHHQYLURQPHQWWKDWDUHOLNHO\DWWKH URRWRI FKDQJHVLQ
WKHQHXURGHYHORSPHQWRI&DOLIRUQLD VFKLOGUHQ>@
z ,W V WLPH WR VWDUW ORRNLQJ IRU WKH HQYLURQPHQWDO FXOSULWV UHVSRQVLEOH IRU WKH
UHPDUNDEOH LQFUHDVH LQ WKH UDWH RI DXWLVP LQ &DOLIRUQLD VDLG 8& 'DYLV 0,1'
,QVWLWXWH UHVHDUFKHU ,UYD +HUW]3LFFLRWWR D SURIHVVRU RI HQYLURQPHQWDO DQG
RFFXSDWLRQDO KHDOWK DQG HSLGHPLRORJ\ DQG DQ LQWHUQDWLRQDOO\ UHVSHFWHG DXWLVP
UHVHDUFKHU>@
z 7KHLQFLGHQFHRIDXWLVPE\DJHVL[LQ&DOLIRUQLDKDVLQFUHDVHGIURPIHZHUWKDQQLQH
LQIRUFKLOGUHQERUQLQWR PRUH WKDQ LQIRU FKLOGUHQ ERUQ LQ
>@

&KLQD
z ,Q &KLQD WKHUH DUH QRZ RYHU  PLOOLRQ FKLOGUHQ ZLWK DXWLVP ZKLFK LV UDSLGO\
LQFUHDVLQJ WKH DXWLVP UDWH LQ YDULRXV DUHDV KDV UHDFKHG  LQFUHDVHG  WLPHV
RYHU\HDUV>@
z &KDQJFKXQ$XWLVPSUHYDOHQFHUDWHIRUFKLOGUHQDJH±\HDUV>@
z +DUELQ$XWLVPSUHYDOHQFHUDWHDSSDUHQWLQFUHDVHWUHQGIRUFKLOGUHQDJH±
\HDUV>@
z 6KHQ]KHQ˖$XWLVP SUHYDOHQFH UDWH  IRU FKLOGUHQ ILYH IROGV RI WKH QDWLRQDO
DYHUDJHUDWH>@
z 1DQMLQJ $XWLVP UDWH RI FKLOGUHQ KDYH LQFUHDVHG WR  WLPHV ZLWKLQ  \HDUV
³6SHFLDOLVWV LQGLFDWH WKH IXQGDPHQWDO UHDVRQ FDXVLQJ DXWLVP LV VWLOO QRW VR FOHDU DW
SUHVHQWDQGWKHUHLVQRWVSHFLDOHIIHFWLYHGUXJVHDUO\HGXFDWLRQLVWKHPDLQPHDQVRI
LQWHUIHUHQFH´>@
z 6KHQ\DQJ&KLOGUHQZLWKDXWLVPKDYHLQFUHDVHGDWWKHUDWHRI±HDFK \HDU
LQGLFDWLQJDWUHQGRIUDSLGO\LQFUHDVLQJ>@
z 6KDQJKDL 6KDQJKDL KDV RYHU  DXWLVP SDWLHQWV &KLOGUHQ DXWLVP UDWH KDV
UHDFKHG>@

5HIHUHQFHV

>@&'&˖1HZ'DWDRQ$XWLVP6SHFWUXP'LVRUGHUV
KWWSZZZFGFJRY)HDWXUHV&RXQWLQJ$XWLVP

>@6$1'5$%/$.(6/((,1&5($6(,1$87,60%$))/(66&,(17,671HZ
<RUN7LPHV 
KWWSZZZQ\WLPHVFRPXVLQFUHDVHLQDXWLVPEDIIOHVVFLHQWLVWVKWPO"SDJHZ
DQWHG DOO VUF SP

>@ 7KRPDV ,QVHO $XWLVP 3UHYDOHQFH 0RUH $IIHFWHG RU 0RUH 'HWHFWHG" 7KH 1DWLRQDO
,QVWLWXWHRI0HQWDO+HDOWK 1,0+ 0DUFK
KWWSZZZQLPKQLKJRYDERXWGLUHFWRUDXWLVPSUHYDOHQFHPRUHDIIHFWHGRUPRUH
GHWHFWHGVKWPO 

>@.LP&DXVHVRI$XWLVP(QYLURQPHQWDO9HUVXV*HQHWLF)DFWRUV,QWHUQDWLRQDO&HQWHU
IRU$XWLVP5HVHDUFK (GXFDWLRQ
KWWSZZZLFDUHDXWLVPRUJQHZVFDXVHVRIDXWLVPHQYLURQPHQWDOYHUVXVJHQHW
LFIDFWRUV 

>@6FLHQFH'DLO\&DOLIRUQLD¶V$XWLVP,QFUHDVH1RW'XH7R%HWWHU&RXQWLQJ'LDJQRVLV

 KWWSZZZVFLHQFHGDLO\FRPUHOHDVHVKWP

>@6FLHQFH'DLO\'RQ¶WOHWDXWLVPWDNHDZD\WKHLUMR\IXOFKLOGKRRG
KWWSZZZVWGDLO\FRPNMUEFRQWHQWFRQWHQWBKWP

>@ /L -LQJ ,QYHVWLJDWLRQ UHSRUW DERXW DXWLVP FKLOGUHQ VHFWLRQV  %HLMLQJ $XWLVP
5HFRYHU\$VVRFLDWLRQ
KWWSZZZJXGX]KHQJQHWKWPO 

>@&KLQD -LOLQ :HEVLWH &KDQJFKXQ DXWLVP FKLOGUHQ SUHYDOHQFH VKRZ LQFUHDVH WUHQG

KWWSZZZFKLQDMLOLQFRPFQFRQWHQWFRQWHQWBKWP

>@+DUELQ 1HZV :HEVLWH +DUELQ FKLOGUHQ DXWLVP UDWH LQFUHDVLQJ UDWLR RI DXWLVP
EHWZHHQER\VDQGJLUOVLVKWWSZZZMNFRP[H[OKWPO

>@ 1DQIDQJ &LW\ 'DLO\ 6KHQ]KHQ FKLOGUHQ DXWLVP SUHYDOHQFH UDWH LV ILYH IROG RI
QDWLRQDOOHYHOKWWSQHZVVLQDFRPFQFVVKWPO

>@&KLQD &KLQHVH 0HGLFLQH 1HZSDSHU 1DQMLQJ FKLOGUHQ¶V DXWLVP UDWH LQFUHDVLQJ
LQFUHDVHGWLPHVZLWKLQ\HDUV 
KWWSZZZFKLQDQHZVFRPMN\VEEQHZVVKWPO
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,)UD
&LWHG5HIHUHQFH &KHQ
7ZHOYH+HDOWK'HWHULRUDWH7UHQGVLQ%RWK86$DQG&KLQD                           7RWDO3DJHV3DJH

>@6KHQ\DQJ 'DLO\ 7UHQG RI UDSLGO\ LQFUHDVLQJ IRFXVHV RQ WRGD\¶V ³&KLOGUHQ¶V
DXWLVP´  KWWSQHZVVLQDFRPFQFVVKWPO

>@ 6KDQJKDL  ;LQPLQ :HHNO\ $XWLVP EHFRPHV WKH 1R FKLOGUHQ LOOQHVV VXUYH\
VDLGDXWLVPUDWHKDVUHDFKHG 
KWWSQHZVVLQDFRPFQKVGVKWPO



 6WXGLHVLQGLFDWHSRVVLEOHOLQNVEHWZHHQ$O]KHLPHU¶VGLVHDVHDQG
3DUNLQVRQ VGLVHDVHLQGLFDWHLQFUHDVHRIDQQXDOLQFLGHQFHRI
$O]KHLPHU¶VGLVHDVHIURPWRLQ86$'XULQJWKHSDVW\HDUV
 WKHDYHUDJHDJHVRI$O]KHLPHU¶VGLVHDVHSDWLHQWVKDV
DGYDQFHGIURP\HDUVWR\HDUV,QWKH86$QHZ
FDVHVRI3DUNLQVRQGLVHDVHDUHGLDJQRVHGHDFK\HDU%DVHGRQPRVW
FRQVHUYDWLYHHVWLPDWLRQVWKHLQFLGHQFHRI3DUNLQVRQGLVHDVHGXULQJ
UHFHQW\HDUVLQ&KLQDKDVDWOHDVWLQFUHDVHGRYHUWLPHV

86$
z 6WXGLHV,QYHVWLJDWH/LQNV%HWZHHQ3DUNLQVRQ¶V'LVHDVHDQG$O]KHLPHU¶V'LVHDVH
z 3DUNLQVRQ¶VGLVHDVH 3' DQG$O]KHLPHU¶VGLVHDVH $' DUHFRPPRQ
QHXURGHJHQHUDWLYHGLVHDVHVDVVRFLDWHGZLWKDJLQJ3HRSOHFDQGHYHORSERWK3'DQG
$'OHDGLQJUHVHDUFKHUVWRFRQVLGHUZKHWKHUWKHUHDUHOLQNVEHWZHHQWKHWZR
GLVHDVHV7ZRQHZVWXGLHVKDYHIRXQGWKDWWKHWZRGLVHDVHVGRQRWDSSHDUWRVKDUH
JHQHWLFFKDUDFWHULVWLFVEXWPD\EHOLQNHGE\SURWHLQV>@
z ,QWKHJHQHWLFVVWXG\SXEOLVKHGLQWKH$XJXVWRQOLQHHGLWLRQRI-$0$1HXURORJ\
UHVHDUFKHUVDQDO\]HGJHQRPHZLGHDVVRFLDWLRQ *:$ VWXGLHVRI3'DQG$'WRORRN
IRUJHQHWLFYDULDQWVVKDUHGE\ERWKGLVHDVHV7KHVWXG\ZDVOHGE\DXWKRU9DOHQWLQD
0RVNYLQD3K'RIWKH&DUGLII8QLYHUVLW\6FKRRORI0HGLFLQHLQ:DOHVLQ
FROODERUDWLRQZLWKDQLQWHUQDWLRQDOWHDPWKDWLQFOXGHGUHVHDUFKHUVIURPWKH1DWLRQDO
,QVWLWXWHVRI+HDOWK7KHWHDPUHYLHZHG*:$VWXGLHVRIWKRXVDQGVRISHRSOHZLWK
$'DQG3'WRVHHLIDQ\JHQHWLFYDULDQWVLQFUHDVHGWKHULVNRIERWKGLVHDVHV>@
z 7KHVHFRQGVWXG\SXEOLVKHGLQWKH-XO\RQOLQHHGLWLRQRI&HOOE\DWHDPIURPWKH
8QLYHUVLW\RI3HQQV\OYDQLDOHGE\9LUJLQLD/HH3K'LQYHVWLJDWHGSURWHLQVIRXQGLQ
$'DQG3'0RVWQHXURGHJHQHUDWLYHGLVHDVHVDUHFKDUDFWHUL]HGE\WKHDFFXPXODWLRQ
RIDEQRUPDOIRUPVRIFHUWDLQSURWHLQV±IRUH[DPSOHWDXDQGDP\ORLGLQ$'
DQGDOSKDV\QXFOHLQLQ3'6WXGLHVKDYHVKRZQVRPHRYHUODSLQWKHSDWKRORJ\RI$'
DQG3'PRUHWKDQSHUFHQWRISHRSOHZLWK$'VKRZDOSKDV\QXFOHLQGHSRVLWVDQG
SHRSOHZLWK3'FRPPRQO\KDYHWDXGHSRVLWV7REHWWHUXQGHUVWDQGDQ\UHODWLRQVKLS
UHVHDUFKHUVFRQGXFWHGH[SHULPHQWVZLWKDOSKDV\QXFOHLQLQYROYLQJPLFHDQGFHOO
FXOWXUHV>@

86$$O]KHLPHU¶VGLVHDVH
z $O]KHLPHU¶VGLVHDVHLVWKHPRVWFRPPRQW\SHRIGHPHQWLD³'HPHQWLD´LVDQ
XPEUHOODWHUPGHVFULELQJDYDULHW\RIGLVHDVHVDQGFRQGLWLRQVWKDWGHYHORSZKHQ
QHUYHFHOOVLQWKHEUDLQ FDOOHGQHXURQV GLHRUQRORQJHUIXQFWLRQQRUPDOO\7KH
GHDWKRUPDOIXQFWLRQRIQHXURQVFDXVHVFKDQJHVLQRQH¶VPHPRU\EHKDYLRUDQG
DELOLW\WRWKLQNFOHDUO\,Q$O]KHLPHU¶VGLVHDVHWKHVHEUDLQFKDQJHVHYHQWXDOO\LPSDLU
DQLQGLYLGXDO¶VDELOLW\WRFDUU\RXWVXFKEDVLFERGLO\IXQFWLRQVDVZDONLQJDQG
VZDOORZLQJ$O]KHLPHU¶VGLVHDVHLVXOWLPDWHO\IDWDO>@
z $QHVWLPDWHGPLOOLRQ$PHULFDQVRIDOODJHVKDYH$O]KHLPHU¶VGLVHDVHLQ
7KLVLQFOXGHVDQHVWLPDWHGPLOOLRQSHRSOHDJHDQGROGHU>@$DQG
DSSUR[LPDWHO\LQGLYLGXDOVXQGHUDJHZKRKDYH\RXQJHURQVHW
$O]KHLPHU¶V>@>@
z ,QWKHUHZHUHDQHVWLPDWHGQHZFDVHVRI$O]KHLPHU¶VGLVHDVH)RU
WKDWQXPEHUZDVHVWLPDWHGWREH DSHUFHQWLQFUHDVH >@
z %\WKHQXPEHURISHRSOHDJHDQGROGHUZLWK$O]KHLPHU¶VGLVHDVHLV
HVWLPDWHGWRUHDFKPLOOLRQ²DSHUFHQWLQFUHDVHIURPWKHPLOOLRQDJHDQG
ROGHUFXUUHQWO\DIIHFWHG>@

86$3DUNLQVRQ VGLVHDVH
z 3DUNLQVRQ VGLVHDVH 3' LVDFKURQLFDQGSURJUHVVLYHPRYHPHQWGLVRUGHUPHDQLQJ
WKDWV\PSWRPVFRQWLQXHDQGZRUVHQRYHUWLPH3DUNLQVRQ¶VLQYROYHVWKHPDOIXQFWLRQ
DQGGHDWKRIYLWDOQHUYHFHOOVLQWKHEUDLQFDOOHGQHXURQV3DUNLQVRQ VSULPDULO\
DIIHFWVQHXURQVLQWKHDQDUHDRIWKHEUDLQFDOOHGWKHVXEVWDQWLDQLJUD6RPHRIWKHVH
G\LQJQHXURQVSURGXFHGRSDPLQHDFKHPLFDOWKDWVHQGVPHVVDJHVWRWKHSDUWRIWKH
EUDLQWKDWFRQWUROVPRYHPHQWDQGFRRUGLQDWLRQ$V3'SURJUHVVHVWKHDPRXQWRI
GRSDPLQHSURGXFHGLQWKHEUDLQGHFUHDVHVOHDYLQJDSHUVRQXQDEOHWRFRQWURO
PRYHPHQWQRUPDOO\>@
z 3DUNLQVRQ VGLVHDVHLVWKHWKOHDGLQJFDXVHRIGHDWKLQWKH8QLWHG6WDWHVDFFRUGLQJ
WRWKH&HQWHUVIRU'LVHDVH&RQWURODQG3UHYHQWLRQ VDQQXDODQDO\VLVRIPRUWDOLW\
GDWD 7KH&'&DOVRUHOHDVHGGDWDWKLVZHHNVKRZLQJWKHUHZDVDLQFUHDVHLQ
GHDWKVDWWULEXWDEOHWR3DUNLQVRQ VGLVHDVHLQ WKHPRVWUHFHQW\HDUIRUZKLFK
WKH\KDYHGDWD >@>@
z %HWZHHQDQGPLOOLRQ$PHULFDQVOLYHZLWK3DUNLQVRQ VDGLVHDVHIRU
ZKLFKWKHUHLVQRFXUHRUWUHDWPHQWWRVWRSWKHSURJUHVVLRQ>@
z ,QFLGHQFHRI3DUNLQVRQ¶VLQFUHDVHVZLWKDJHEXWDQHVWLPDWHGIRXUSHUFHQWRISHRSOH
ZLWK3'DUHGLDJQRVHGEHIRUHWKHDJHRI>@
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z ,QWKH8QLWHG6WDWHVQHZFDVHVRI3'DUHGLDJQRVHGHDFK\HDU
DGGLQJWRWKHRQHPLOOLRQSHRSOHZKRFXUUHQWO\KDYH3'>@

&KLQD$O]KHLPHUGLVHDVH
z $FFRUGLQJWRDPHWDDQDO\VLVRIVWXGLHVSXEOLVKHG-XQHLQD&KLQDWKHPHGLVVXH
RIWKH/DQFHWWKHQXPEHURISHRSOHZLWKGHPHQWLDLQWKHZRUOG¶VPRVWSRSXODWHG
FRXQWU\VRDUHGIURPPLOOLRQLQWRPLOOLRQLQ7KHILJXUHVHFOLSVH
WKRVHIURPWKH:RUOG$O]KHLPHU5HSRUWZKLFKHVWLPDWHGPLOOLRQGHPHQWLD
FDVHVLQ&KLQDLQ0RUHRYHUDUHSRUWRQJOREDOGLVHDVHEXUGHQLQWKHVSHFLDO
/DQFHWLVVXHIRXQGWKDWWKHQXPEHURIGHDWKVLQ&KLQDGXHWR$O]KHLPHU¶VGLVHDVH
DQGRWKHUGHPHQWLDVGRXEOHGEHWZHHQDQGZKLOHPRUWDOLW\UDWHV
HVSHFLDOO\DPRQJZRPHQIHOOVWHHSO\GXULQJWKHVDPHSHULRG:LWKFRQWLQXLQJ
JURZWKRI&KLQD¶VDJLQJSRSXODWLRQWKHVHILQGLQJVVXJJHVWWKHQDWLRQLVKHDGLQJIRU
DELJJHUGHPHQWLDEXUGHQWKDQDQWLFLSDWHG>@>@
z 7KHGHPHQWLDVWXG\ZDVOHGE\VHQLRULQYHVWLJDWRUV:HL:DQJRI&DSLWDO0HGLFDO
8QLYHUVLW\LQ%HLMLQJDQG+DUU\&DPSEHOODQG,JRU5XGDQDWWKH8QLYHUVLW\RI
(GLQEXUJK0HGLFDO6FKRROLQWKH8.&KULVWRSKHU0XUUD\RIWKH8QLYHUVLW\RI
:DVKLQJWRQLQ6HDWWOHOHGWKHDQDO\VLVRI&KLQDKHDOWKWUHQGVZLWKFROODERUDWRUVIURP
&KLQDDQG$XVWUDOLD>@>@
z $HSLGHPLRORJ\VXUYH\UHSRUWRQ$O]KHLPHU¶VGLVHDVHLQ6KDQJKDLLVVXHGE\SXEOLF
KHDOWKGHSDUWPHQWVVKRZSUHYDOHQFHRIROGDJHGROGHUWKDQ\HDUVROGLV
DERYH\HDUVROGH[FHHGVSUHYDOHQFHRIROGDJHGDERYH\HDUVROG
LQFUHDVHVDWDUDWHRISHUDQQXP>@
z 6XUYH\GDWDLQ7LDQMLQ6KDQJKDL*XDQJ]KRXDQGRWKHUODUJHFLWLHVVKRZ'XULQJWKH
SDVW\HDUV  WKHDYHUDJHDJHVRI$O]KHLPHU¶VGLVHDVHSDWLHQWVKDV
DGYDQFHGIURP\HDUVWR\HDUVLH\RXQJHU\HDUV>@

&KLQD3DUNLQVRQGLVHDVH
z 'XULQJHGXFDWLRQDFWLYLWLHVLQ6KDQJKDLRQWKH:RUOG3DUNLQVRQ'D\3URI-LDQJ
<XSLQJVHFUHWDU\QHXURORJ\FRPPLWWHHRI&KLQD0HGLFDO6RFLHW\VWDWHGWKH
LQFLGHQFHRI3DUNLQVRQGLVHDVHGXULQJUHFHQW\HDUVKDVDWOHDVWLQFUHDVHGRYHU
WLPHVVXFKLQFUHDVHPLJKWEHDVVRFLDWHGZLWKHQYLURQPHQWDQGIRRGIDFWRUV>@
z 3URI-LDQJVDLGEDVHGRQWKHVWDWLVWLFVRIWKHLQFLGHQFHRI3DUNLQVRQGLVHDVHLQ
&KLQDLVDERXWDQGDFFRUGLQJWR6KDQJKDLVWDWLVWLFVRIWKHLQFLGHQFHRI
3DUNLQVRQGLVHDVHKDVUHDFKHG+RZHYHUQDWLRQDOZLGHVWDWLVWLFVLQGLFDWH
LQFLGHQFHRI3DUNLQVRQGLVHDVHKDVUHDFKHGDERXW%DVHGRQPRVWFRQVHUYDWLYH
HVWLPDWLRQVWKHLQFLGHQFHRI3DUNLQVRQGLVHDVHGXULQJUHFHQW\HDUVKDVDWOHDVW
LQFUHDVHGRYHUWLPHV>@
z 'DWHSURYLGHGE\WKH6KDQJKDL0XQLFLSDOLW\+HDOWK(GXFDWLRQ,QVWLWXWHFODLPV
(SLGHPLRORJLFDOVWDWLVWLFVVKRZWKDW&KLQDDWSUHVHQW  KDVDERXWPLOOLRQ
3DUNLQVRQGLVHDVHSDWLHQWV>@  
z 3DUNLQVRQ VGLVHDVHLVDNLQGRIQHXURORJLFDOV\VWHPGLVHDVHVZLWKKLJKHULQFLGHQFH
LQROGHUDJH+RZHYHUWKHUHLVDWUHQGRI3DUNLQVRQGLVHDVHGHYHORSLQJLQ\RXQJHU
DJHSDWLHQWV%HIRUHWKHGLDJQRVHGDJHZDVPRUHRYHU\HDUVROGTXLWHDQXPEHURI
3DUNLQVRQGLVHDVHSDWLHQWVEHJLQWRDSSHDULQWKHDJHJURXSLWKDVEHFRPHWKH
UGNLOOHURIPLGGOHWRROGHUDJHSHRSOH>@ 

>@3DUNLQVRQ V'LVHDVH)RXQGDWLRQ6WXGLHV,QYHVWLJDWH/LQNV%HWZHHQ3DUNLQVRQ¶V
'LVHDVHDQG$O]KHLPHU¶V'LVHDVH2FW
KWWSZZZSGIRUJHQVFLHQFHBQHZVUHOHDVHSUB

>@0RVNYLQD9+DUROG'5XVVR*HWDO  $QDO\VLVRI*HQRPH:LGH
$VVRFLDWLRQ6WXGLHVRI$O]KHLPHU'LVHDVHDQGRI3DUNLQVRQ'LVHDVHWR'HWHUPLQH,I
7KHVH'LVHDVHV6KDUHD&RPPRQ*HQHWLF5LVN-$0$1HXURO'2,
MDPDQHXUROKWWSG[GRLRUJMDPDQHXURO

>@/HH90<*XR-/'DQLHOV-3HWDO  'LVWLQFW$OSKD6\QXFOHLQ6WUDLQV
'LIIHUHQWLDOO\3URPRWH7DX,QFOXVLRQVLQ1HXURQV&HOO
'2,MFHOOKWWSG[GRLRUJMFHOO

>@$O]KHLPHU$VVRFLDWLRQ$O]KHLPHU¶V'LVHDVH$FWV$QG)LJXUHV
KWWSZZZDO]RUJGRZQORDGVIDFWVBILJXUHVBSGI

>@+HEHUW/(:HXYH-6FKHUU3$(YDQV'$$O]KHLPHU¶VGLVHDVHLQWKH8QLWHG6WDWHV
 HVWLPDWHGXVLQJWKH&HQVXV1HXURORJ\3XEOLVKHGRQOLQHEHIRUHSULQW
)HE
ZZZQHXURORJ\RUJFRQWHQWHDUO\:1/EHIDEVWUDFW

>@$O]KHLPHU¶V$VVRFLDWLRQ(DUO\RQVHWGHPHQWLD$QDWLRQDOFKDOOHQJHDIXWXUHFULVLV

>@+HEHUW/(%HFNHWW/$6FKHUU3$(YDQV'$$QQXDOLQFLGHQFHRI$O]KHLPHU
GLVHDVHLQWKH8QLWHG6WDWHVSURMHFWHGWRWKH\HDUVWKURXJK$O]KHLPHU'LV
$VVRF'LVRUG  ±&RUUDGD00%URRNP

>@3DUNLQVRQ V'LVHDVH)RXQGDWLRQ:KDWLV3DUNLQVRQ V'LVHDVH"
KWWSZZZPD\RFOLQLFRUJGLVHDVHVFRQGLWLRQVSDUNLQVRQVGLVHDVHEDVLFVGHILQLWLRQFRQ


>@3DUNLQVRQ¶V$FWLRQ1HWZRUN&'&/LVWV3DUNLQVRQ VDVWKHWK/HDGLQJ&DXVHRI
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'HDWKLQ$PHULFD
KWWSZZZSDUNLQVRQVDFWLRQRUJQHZVFGFOLVWVSDUNLQVRQVWKOHDGLQJFDXVHGHDWKDP
HULFD

>@&'&4XLFN6WDWV$JH$GMXVWHG'HDWK5DWHV IRU3DUNLQVRQ'LVHDVH8QLWHG
6WDWHV)HEUXDU\
+773:::&'&*2900:535(9,(:00:5+70/00$+70

>@ 3DUNLQVRQ V'LVHDVH)RXQGDWLRQ6WDWLVWLFVRQ3DUNLQVRQ V
KWWSZZZSGIRUJHQSDUNLQVRQBVWDWLVWLFV

>@1DWLRQDO3DUNLQVRQ)RXQGDWLRQ3DUNLQVRQ V'LVHDVH2YHUYLHZ
KWWSZZZSDUNLQVRQRUJSDUNLQVRQVGLVHDVHDVS[

>@%LRPHGLFDO5HVHDUFK)RUXP$/=)25803UHYDOHQFHRI'HPHQWLD$'LQ
&KLQD(FOLSVHV3UHGLFWLRQV-XQ
KWWSZZZDO]IRUXPRUJQHZVUHVHDUFKQHZVSUHYDOHQFHGHPHQWLDDGFKLQDHFOLSVHVSUH
GLFWLRQV

>@&KDQ.<HWDO(SLGHPLRORJ\RI$O]KHLPHU VGLVHDVHDQGRWKHUIRUPVRIGHPHQWLD
LQ&KLQDDV\VWHPDWLFUHYLHZDQGDQDO\VLV/DQFHW-XQ
  
KWWSZZZQFELQOPQLKJRYSXEPHG

>@6RKX+HDOWK,QFLGHQFHRI$O]KHLPHU¶VGLVHDVHLQROGDJHLQ6KDQJKDLLQFUHDVHV
SUHYDOHQFHDPRQJROGDJHDERYH\HDUVROGUHDFKHV
KWWSKHDOWKVRKXFRPQVKWPO

>@6RXKX+HDOWK6SHFLDOLVWVLQFLGHQFHRI3DUNLQVRQGLVHDVHGXULQJUHFHQW\HDUVKDV
DWOHDVWLQFUHDVHGRYHUWLPHV
KWWSKHDOWKVRKXFRPQVKWPO

>@3DUNLQVRQWUHDWPHQWFHQWHUWKHROGDJHGGLVHDVHEHFRPLQJ\RXQJHU
KWWSZZZEUDLQFRP1HZV0HVVDJH6KRZKWPO



 86$LQFLGHQFHRISULPDU\OLYHUFDQFHUUDSLGO\URVH
&KLQD¶VOLYHUFDQFHUSDWLHQWVDFFRXQWVIRURI:RUOG¶VWRWDO

86$
z 7KHLQFLGHQFHRISULPDU\ OLYHU FDQFHU URVH PRGHVWO\ EHWZHHQ  DQG  
SHUFHQW  DQG PRUH UDSLGO\ VXEVHTXHQWO\  SHUFHQW RYHU WKH SHULRG ± 
)LJXUH   /LYHU FDQFHU ZDV RQH RI WKH PRVW OHWKDO GLJHVWLYH V\VWHP FDQFHUV
DOWKRXJK\HDUVXUYLYDOGLGLQFUHDVHQHDUO\IRXUIROGGXULQJWKLVSHULRGDOEHLWWRRQO\
SHUFHQW>@
z 7KHQXPEHURIQHZFDVHVRIKHSDWRFHOOXODUFDUFLQRPD +&& DW\SHRISULPDU\OLYHU
FDQFHUKDVLQFUHDVHG LQ WKH 86 RYHU WKH SDVW VHYHUDO \HDUVUHDFKLQJ DQ LQFLGHQFH
UDWHRIFDVHVSHUSHUVRQVLQDFFRUGLQJWRWKHODWHVWILJXUHVUHSRUWHG
E\WKH&HQWHUVIRU'LVHDVH&RQWURODQG3UHYHQWLRQ &'& LQWKH0D\LVVXH
RI0RUELGLW\DQG0RUWDOLW\:HHNO\5HSRUW>@

&KLQD
z $WSUHVHQWFDQFHUSUHYDOHQFHLQ&KLQDLVRQDYHUDJHHYHU\PLQXWH
HYHU\GD\SHUVRQVDUHGLDJQRVHGZLWKPDOLJQDQWFDQFHU>@
z 6XSHUYLVLRQGDWDVKRZVFRORQFDQFHUULVHVIDVWHULQWKHXUEDQDUHDVDVZHOODV
WK\URLGFDQFHU$WSUHVHQWLQXUEDQDUHDVWKHSUHYDOHQFHRIWK\URLGFDQFHUDOUHDG\
UDQNV1R>@
z 1DWLRQDOFDQFHUPRUWDOLW\UDWHVKDVUHDFKHGUHDFKLQJPLOOLRQ
GHDWKVFDXVHGFDQFHUHDU\HDU7KHQDWLRQDOUDWHRIPRUWDOLW\FDXVHGE\FDQFHULQ
&KLQDLVPHDQLQJFDQFHUFDXVHVRQHRIHYHU\GHDWKV>@
z 7KHPRUWDOLW\UDWHRIPHQFDXVHGE\FDQFHULVKLJKHUWKDQZRPHQZLWKUDWLRRI
>@
z 5HJDUGLQJNLQGVRIFDQFHUOXQJFDQFHUUDQNV1RIROORZHGE\VWRPDFKFDQFHU
WKHQFRORQFDQFHUOLYHUFDQFHUDQGWKHQHVRSKDJHDOFDQFHU7KHWRSWHQNLQGVRI
FDQFHUDPRXQWWRRIDOONLQGVRIFDQFHU>@
z 7KHFDQFHUZLWKKLJKHVWPRUWDOLW\UDWHVWLOOLVOXQJFDQFHUIROORZHGE\OLYHUFDQFHU
VWRPDFKFDQFHUHVRSKDJHDOFDQFHUDQGFRORQFDQFHU>@
z /XQJFDQFHUKDVWKHKLJKHVWPRUWDOLW\UDWHLQERWKPHQDQGZRPHQ7KHNLQGVRI
GHDWKFDXVLQJFDQFHULQPHQWKHQLQFOXGHOLYHUFDQFHUVWRPDFKFDQFHUHVRSKDJHDO
FDQFHUDQGFRORQFDQFHU,QZRPHQWKHQLQFOXGHVWRPDFKFDQFHUOLYHUFDQFHUFRORQ
FDQFHUDQGEUHDVWFDQFHU>@
z 3ULPDU\ OLYHU FDQFHU LQ RXU FRXQWU\ LV RQH RI WKH FRPPRQ PDOLJQDQW WXPRUV +DV
KLJKPRUWDOLW\ UDWH UDQNLQJ 1R IROORZLQJ PDOLJQDQW WXPRU LQWKH VWRPDFK DQG LQ
WKH HVRSKDJXV EXW LQ WKH UXUDO DUHDV UDQNLQJ QG SODFH IROORZLQJ FDQFHU LQ WKH
VWRPDFK,Q&KLQDDERXWSHRSOHGLHIURPOLYHUFDQFHUHDFK\HDUDFFRXQWLQJ
RIWKHWRWDOQXPEHURIGHDWKVFDXVHGE\OLYHUFDQFHUZRUOGZLGH>@
z &KLQD VOLYHUFDQFHUVLWXDWLRQLVYHU\JULPLQSDWLHQWVGHYHORSHGOLYHU
FDQFHU DQG  PRUWDOLWLHV IURP OLYHU FDQFHU ZKLFK DFFRXQWHG IRU  RI

KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
7ZHOYH+HDOWK'HWHULRUDWH7UHQGVLQ%RWK86$DQG&KLQD                           7RWDO3DJHV3DJH

ZRUOGOLYHUFDQFHUSDWLHQWVDQGRIDOOPRUWDOLWLHVFDXVHGE\OLYHUFDQFHURYHU
WKHZRUOG>@
z ,QFKDUDFWHULVWLFRIUHJLRQDOGLVWULEXWLRQRIOLYHUFDQFHULQ&KLQDLVKLJKHULQFLGHQWVLQ
FRDVWDO UHJLRQV WKDQ LQODQG UHJLRQV KLJKHU LQFLGHQWV LQ 6RXWKHDVW DQG 1RUWKHDVW
UHJLRQVWKDQ1RUWKZHVW1RUWKDQG6RXWKZHVWUHJLRQVRI&KLQDDQGKLJKHULQFLGHQWV
LQFRDVWDOLVODQGVDQGULYHUHVWXDULHVUHJLRQV>@
z $FFRUGLQJWRFDQFHUUHJLVWHUGDWDIURPQDWLRQZLGHFLWLHVDQGFRXQWLHV
&KLQD VWRSWKUHHOLYHUFDQFHUDUHDVIRUPHQDUH4LGRQJRI-LDQJVX3URYLQFH+DLPHQ
RI-LDQJVX3URYLQFHDQG)XVKXLRI*XDQJ[L$XWRQRPRXV5HJLRQDQGWRSWKUHHOLYHU
FDQFHUDUHDVIRUIHPDOHDUH4LGRQJRI-LDQJVX3URYLQFH+DLPHQRI-LDQJVX3URYLQFH
DQG<DQWLQJRI6LFKXDQ3URYLQFH>@    
z )URP  WR  DOWKRXJK WKH WRWDO QXPEHU RI OLYHU FDQFHU SDWLHQWV LQ 6KDQJKDL
LQFUHDVHG VLJQLILFDQWO\ EXW DJH VWDQGDUGL]HG LQFLGHQFH UDWH UHGXFHG IRU PDOH DQG
IHPDOHUHGXFHGDQGUHVSHFWLYHO\>@
z ,QWKH0LQLVWU\RI+HDOWKDQG0LQLVWU\RI6FLHQFH 7HFKQRORJ\OHGDQDWLRQDO
VXUYH\RQQDWLRQZLGHPRUWDOLW\FDXVHV7KH'HSDUWPHQWRI+HDOWKRIWKH*XDQJ[L
$XWRQRPRXV5HJLRQHQWUXVWHGWKH&DQFHU+RVSLWDODWWDFKHGWRWKH*XDQJ[L0HGLFDO
8QLYHUVLW\WRFDUU\RXWUHYLHZPRUWDOLW\FDXVHVIURPORFDWLRQV6XUYH\GDWD
LQGLFDWHWKHILUVWFDXVHVRIGHDWKRISRSXODWLRQLQ*XDQJ[LUHVSHFWLYHO\DUH
PDOLJQDQF\FDQFHUVUHVSLUDWLRQV\VWHPGLVHDVHVDQGFHUHEURYDVFXODUGLVHDVH'XULQJ
WKHVRIWKHODVWFHQWXU\WKHPRUWDOLW\UDWHFDXVHGE\PDOLJQDQF\FDQFHUVZDV
GXULQJWKHVZDVDQGDWSUHVHQWLV
LQGLFDWLQJDSSDUHQWLQFUHDVH>@ 
z 7KHPRUWDOLW\UDWHRIWRWKHRYHUPLOOLRQSRSXODWLRQRI*XDQJ[L
PHDQVDERXWSHRSOHGLHIURPPDOLJQDQF\FDQFHUVWKHSUHYDOHQFHLQFUHDVH
UDQNV1RLQ&KLQDZKLFKPDNHV*XDQJ[LRQHRIWKHUHJLRQVZLWKWKHKLJKHVWOLYHU
FDQFHUDQGQDVRSKDU\Q[SUHYDOHQFHUDWHLQ&KLQD>@
z QHZOLYHUFDQFHUSDWLHQWVDQGQHZOXQJFDQFHUSDWLHQWVDSSHDUHDFK
\HDUZKLFKLVLQFUHDVLQJDWWKHSDFHRIHDFK\HDULQ&KLQD>@
z (SLGHPLRORJ\LQYHVWLJDWLRQLQGLFDWHV7KHOLYHUFDQFHULQFLGHQFHIRUPDOHVDUH
DQGIRUIHPDOHVLQ7LDQMLQ>@

>@ (YHUKDUW -( HGLWRU 7KH EXUGHQ RI GLJHVWLYH GLVHDVHV LQ WKH 8QLWHG 6WDWHV 86
'HSDUWPHQWRI+HDOWKDQG+XPDQ6HUYLFHV3XEOLF+HDOWK6HUYLFH1DWLRQDO,QVWLWXWHVRI
+HDOWK 1DWLRQDO ,QVWLWXWH RI 'LDEHWHV DQG 'LJHVWLYH DQG .LGQH\ 'LVHDVHV :DVKLQJWRQ
'&86*RYHUQPHQW3ULQWLQJ2IILFH1,+3XEOLFDWLRQ1R
KWWSZZZQLGGNQLKJRY%XUGHQBRIB'LJHVWLYHB'LVHDVHVLQGH[VKWPO&+$37(5 

>@/L]+LJKOH\PDQ&'&5HSRUWV,QFUHDVLQJ,QFLGHQFHRI/LYHU&DQFHU0RVWO\'XHWR
&KURQLF+HSDWLWLV%DQG&
KWWSZZZKLYDQGKHSDWLWLVFRPKHSBFQHZVBBEKWPO 

>@6DQ[LDQJ0HWURSROLV'DLO\&DQFHU5HJLVWUDWLRQ5HSRUW
KWWSQHZVVLQDFRPFQZVKWPO

>@+HDOWK&KLQD3ULPDU\/LYHU&DQFHU,QFLGHQFH
KWWSKHDOWKFKLQDFRPFQKWPOJDQDL\I[JDKWPO 

>@ -LXMLX $QWL&DQFHU :HEVLWH 6SHFLDOLVW *URXS :KDW FKDUDFWHULVWLFV GRHV &KLQD¶V
SULPDU\OLYHUFDQFHUKDYHIRULWVGLVWULEXWLRQ"-LXMLX$QWL&DQFHU:HEVLWH
KWWSZZZNDQJDLFRPKWPOD]]WJDQDLJDFVKWPO

>@*XDQJ[L1HZV:HEVLWH&XUUHQW7LPHV/LIH1HZVSDSHUPDOLJQDQF\FDQFHUVEHFRPHV
WKH 1R NLOOHU RI *XDQJ[L UHVLGHQWV SUHYDOHQFH LQFUHDVH UDQNV 1R LQ &KLQD
 
KWWSZZZJ[QHZVFRPFQVWDWLFSDJHVQHZJ[EFVKWPO

>@&LW\([SUHVV(SLGHPLRORJ\LQYHVWLJDWLRQ7LDQMLQKDVPRUHPDOHOLYHUFDQFHUSDWLHQWV
WKDQZRPHQ 
KWWSZZZFKLQDGDLO\FRPFQGISGWLDQMLQFRQWHQWBKWPO



  &KLOGUHQ FDQFHU LQFUHDVLQJ HVSHFLDOO\ OHXNHPLDV GUDPDWLFDOO\
LQFUHDVHGLQ86$DQG&KLQD 

86$
$ERXWFKLOGUHQDQGDGROHVFHQWVXQGHUWKHDJHRI\HDUVDUHGLDJQRVHGZLWK
FDQFHUHDFK\HDU&KLOGKRRGFDQFHUVUHPDLQDOHDGLQJFDXVHRIFKLOGKRRGGHDWKVLQWKH
8QLWHG6WDWHVGHVSLWHWKHIDFWWKDWDGYDQFHVLQKHDOWKFDUHDQGWUHDWPHQWKDYH
GUDPDWLFDOO\LQFUHDVHGVXUYLYDOIURPWKHVHFDQFHUV>@
7KHPRVWFRPPRQFKLOGKRRGFDQFHUVDUHOHXNHPLDVFDQFHUVRIWKHEORRGFHOOV7KHUHDUH
GLIIHUHQWNLQGVRIFKLOGKRRGOHXNHPLD7KHPRVWFRPPRQNLQGVDUHDFXWHO\PSKRF\WLF
OHXNHPLD $// DQGDFXWHP\HORJHQRXVOHXNHPLD $0/ %UDLQDQGRWKHUQHUYRXV
V\VWHPFDQFHUVDUHWKHVHFRQGPRVWFRPPRQW\SHVRIFKLOGKRRGFDQFHUV2IWKHPDMRU
W\SHVRIFKLOGKRRGFDQFHUOHXNHPLDVDQGEUDLQDQGRWKHUQHUYRXVV\VWHPFDQFHUVDFFRXQW
IRURIDOOFDVHVDPRQJFKLOGUHQOHVVWKDQ\HDUVRIDJH2WKHUFKLOGKRRGFDQFHUV
LQGHFUHDVLQJRUGHURIRFFXUUHQFHLQFOXGHO\PSKRPDVV\PSDWKHWLFQHUYRXVV\VWHP

KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
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FDQFHUVVRIWWLVVXHVDUFRPDVUHQDOWXPRUV :LOPVWXPRUDQGUHQDOFDUFLQRPD ERQH
WXPRUV RVWHRVDUFRPDDQG(ZLQJVDUFRPD PDOLJQDQWJHUPFHOOWXPRUVUHWLQREODVWRPDV
KHSDWLFWXPRUVDQGRWKHUPDOLJQDQFLHV5HVHDUFKHUVKDYHVWXGLHGFKLOGKRRGFDQFHUVIRU
PDQ\\HDUVEXWVWLOOGRQRWNQRZDORWDERXWZKDWFDXVHVWKHP)LQGLQJWKHFDXVHVRI
FKLOGKRRGFDQFHUVLVFKDOOHQJLQJEHFDXVHFDQFHULQFKLOGUHQLVUDUHDQGHDFKW\SHRI
FDQFHUPD\KDYHGLIIHUHQWIDFWRUVWKDWOHDGWRLWVGHYHORSPHQW,WLVHVSHFLDOO\GLIILFXOWWR
LGHQWLI\HQYLURQPHQWDOIDFWRUVUHODWHGWRFKLOGKRRGFDQFHUEHFDXVHHQYLURQPHQWDO
H[SRVXUHVWRWKHSDUHQWWKHFKLOGLQWKHZRPERUWKHFKLOGDIWHUELUWKPD\SOD\DUROH
&KLOGKRRGFDQFHUVOLNHDGXOWFDQFHUVPD\EHWKHUHVXOWRIDPL[RIJHQHWLF
HQYLURQPHQWDODQGEHKDYLRUDOFDXVHVQRWMXVWRQHIDFWRUE\LWVHOI>@
&KLQD
7XPRUSUHYDOHQFHLQ&KLOGUHQVKRZVWUHDGRILQFUHDVHRQDYHUDJHWKHUHLVRQHFKLOG
WXPRUSDWLHQWDPRQJHYHUFKLOGUHQ7KHFDXVHVRIGHDWKDPRQJFKLOGUHQGHDWKV
XQGHU\HDUVROGPDOLJQDQWWXPRUDOUHDG\UDQNV1R$PRQJDOONLQGVRIFKLOGUHQ
WXPRUVOHXNHPLDEUDLQWXPRUPDOLJQDQWO\PSKRPDDQGQHXUREODVWRPDUDQNWKHWRS
IRXUOHXNHPLDDFFRXQWVWRRIDOOFKLOGUHQWXPRUSDWLHQWV>@
%DVHGRQVXUYH\LQDQXPEHURIFLWLHVWKHLQFLGHQFHRIFKLOGUHQWXPRUHDFK\HDULVSHU
HDFK&KLQDKDVDERXWPLOOLRQFKLOGUHQWKXVQHZFKLOGUHQWXPRULQFLGHQFH
FRXOGUHDFKRYHUFKLOGUHQ>@
7KHLQFUHDVLQJWUHQGRIFKLOGUHQPDOLJQDQWWXPRUVLVDSSDUHQWZLWKDKLJKHUUDWHLQER\V
WKDQJLUOV7ZRDJHSHDNVDUHDSSDUHQWGHYHORSWXPRUVEHIRUH\HDUVROGWKHUHDIWHU
ZLWKDORZHUUDWHWKHQGSHDNDSSHDUVGXULQJSHULRGRISXEHUW\>@ 
>@&'&&KLOGKRRG&DQFHUVDQGWKH(QYLURQPHQW
KWWSHSKWUDFNLQJFGFJRYVKRZ&KLOGKRRG&DQFHUDFWLRQ

>@ &KHQJGX 'DLO\ &KLOGUHQ FDQFHU LQGFLGHQFH LQFUHDVHV KRZ WR SURWHFW FKLOGUHQ

KWWSZZZFGUEFRPFQKWPOFRQWHQWBKWP


 ,QIODPPDWRU\%RZHO'LVHDVHVUDSLGO\LQFUHDVHGSHUFHQWLQFUHDVH
IURP  WR  DQG LQFUHDVHG  WLPHV LQ 6KDQJKDL IURP  WR


86$
z ,QIODPPDWRU\%RZHO'LVHDVHV ,%' LVDEURDGWHUPWKDWGHVFULEHVFRQGLWLRQVZLWK
FKURQLFRUUHFXUULQJLPPXQHUHVSRQVHDQGLQIODPPDWLRQRIWKHJDVWURLQWHVWLQDOWUDFW
7KHWZRPRVWFRPPRQLQIODPPDWRU\ERZHOGLVHDVHVDUHXOFHUDWLYHFROLWLVDQG
&URKQ¶VGLVHDVH>@
z %RWKLOOQHVVHVKDYHRQHVWURQJIHDWXUHLQFRPPRQ7KH\DUHPDUNHGE\DQDEQRUPDO
UHVSRQVHE\WKHERG\¶VLPPXQHV\VWHP1RUPDOO\WKHLPPXQHFHOOVSURWHFWWKHERG\
IURPLQIHFWLRQ,QSHRSOHZLWK,%'KRZHYHUWKHLPPXQHV\VWHPPLVWDNHVIRRG
EDFWHULDDQGRWKHUPDWHULDOVLQWKHLQWHVWLQHIRUIRUHLJQVXEVWDQFHVDQGLWDWWDFNVWKH
FHOOVRIWKHLQWHVWLQHV,QWKHSURFHVVWKHERG\VHQGVZKLWHEORRGFHOOVLQWRWKHOLQLQJ
RIWKHLQWHVWLQHVZKHUHWKH\SURGXFHFKURQLFLQIODPPDWLRQ:KHQWKLVKDSSHQVWKH
SDWLHQWH[SHULHQFHVWKHV\PSWRPVRI,%'>@
z 7KHSHDNDJHRIRQVHWIRU,%'LVWR\HDUVROGDOWKRXJKLWPD\RFFXUDWDQ\
DJH$ERXWRIFDVHVRFFXULQLQGLYLGXDOV\RXQJHUWKDQ\HDUV>@
z &'&FODLPV3UHFLVHLQFLGHQFHDQGSUHYDOHQFHRI&URKQ¶VGLVHDVHDQGXOFHUDWLYH
FROLWLVKDYHEHHQOLPLWHGE\  DODFNRIJROGVWDQGDUGFULWHULDIRUGLDJQRVLV  
LQFRQVLVWHQWFDVHDVFHUWDLQPHQWDQG  GLVHDVHPLVFODVVLILFDWLRQ7KHGDWDWKDWGRHV
H[LVWVXJJHVWWKDWWKHZRUOGZLGHLQFLGHQFHUDWHRIXOFHUDWLYHFROLWLVYDULHVJUHDWO\
EHWZHHQ±SHUVRQVZKLOHWKDWRI&URKQ¶VGLVHDVHYDULHVEHWZHHQ
±SHUVRQVZRUOGZLGHZLWKWKHSUHYDOHQFHUDWHRI,%'UHDFKLQJXSWR
SHUVRQV,WLVHVWLPDWHGWKDWDVPDQ\DVPLOOLRQSHUVRQVLQWKH8QLWHG
6WDWHVVXIIHUIURPWKHVHGLVHDVHV>@
z $QHZVWXG\IRXQGWKHODUJHVWLQYHVWLJDWLRQWRGDWHKDVIRXQGDGUDPDWLFLQFUHDVHLQ
WKHQXPEHURIKRVSLWDOL]DWLRQVIRUFKLOGUHQZLWKLQIODPPDWRU\ERZHOGLVHDVH ,%' 
GXULQJWKHSDVWGHFDGHLQWKH8QLWHG6WDWHV>@
z 7KHQHZVWXG\SXEOLVKHGRQOLQHDQGVFKHGXOHGIRUWKH$XJXVWSULQWLVVXHRIWKH
-RXUQDO RI ,QYHVWLJDWLYH 0HGLFLQH IRXQG D  SHUFHQW LQFUHDVH LQ ,%' KRVSLWDO
GLVFKDUJHVIURPWR7KHQXPEHULQFUHDVHGIURPGLVFKDUJHVLQ
WRGLVFKDUJHVLQ>@

&KLQD
z 'XULQJSDVW\HDUV  WKHLQFLGHQFHRILQIODPPDWRU\%RZHO'LVHDVHLQ
FKLOGUHQEHORZ\HDUVROGLQFUHDVHGWLPHV>@
z $ VWXG\ SXEOLVKHG LQ $XJ  E\ ,QIODPPDWRU\ %RZHO 'LVHDVH 3UHYLRXVO\
FRQILUPV $ GLVHDVH RI WKH :HVW DQG UDUHO\ VHHQ LQ &KLQD LQIODPPDWRU\ ERZHO
GLVHDVH ,%' LVQRZLQFUHDVLQJLQLQFLGHQFHLQ&KLQD+RZHYHULWVWUXHLQFLGHQFHLV
XQNQRZQ&RQFOXVLRQ7KHUHLVDVXEVWDQWLDOLQFLGHQFHRI,%'LQ&KLQD>@

>@&'&,QIODPPDWRU\%RZHO'LVHDVH ,%' 
KWWSZZZFGFJRYLEG

>@8QLYHUVLW\+RVSLWDOV&DVH0HGLFDO&HQWHU'UDPDWLFLQFUHDVHLQKRVSLWDOL]DWLRQRI86
FKLOGUHQZLWKLQIODPPDWRU\ERZHOGLVHDVH6FLHQFH'DLO\86$-XQH
KWWSZZZVFLHQFHGDLO\FRPUHOHDVHVKWP

KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
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>@ +HDOWK 'DLO\ LQFLGHQFH RI LQIODPPDWRU\ %RZHO 'LVHDVH LQ FKLOGUHQ LQFUHDVHG 
WLPHVKWWSKHDOWKTTFRPDKWP

>@ =KDR - HW DO )LUVW SURVSHFWLYH SRSXODWLRQEDVHG LQIODPPDWRU\ ERZHO GLVHDVH
LQFLGHQFH VWXG\ LQ PDLQODQG RI &KLQD WKH HPHUJHQFH RI ZHVWHUQ GLVHDVH ,QIODPP
%RZHO'LV$XJ   
KWWSZZZQFELQOPQLKJRYSXEPHG 


  6XGGHQ FDUGLDF DUUHVW 6&$  LQFUHDVLQJ LQFOXGLQJ LQ \RXQJHU
SHRSOHLQERWK86$DQG&KLQD

86$
&'&FRQILUPV
z $ERXWSHRSOHGLHRIKHDUWGLVHDVHLQWKH8QLWHG6WDWHVHYHU\\HDU±WKDW¶VLQ
HYHU\GHDWKV>@
z +HDUWGLVHDVHLVWKHOHDGLQJFDXVHRIGHDWKIRUERWKPHQDQGZRPHQ0RUHWKDQ
KDOIRIWKHGHDWKVGXHWRKHDUWGLVHDVHLQZHUHLQPHQ>@
z &RURQDU\KHDUWGLVHDVHLVWKHPRVWFRPPRQW\SHRIKHDUWGLVHDVHNLOOLQJ
QHDUO\SHRSOHDQQXDOO\>@
z (YHU\\HDUDERXW$PHULFDQVKDYHDKHDUWDWWDFN2IWKHVHDUHDILUVW
KHDUWDWWDFNDQGKDSSHQLQSHRSOHZKRKDYHDOUHDG\KDGDKHDUWDWWDFN>@
7KH3HGLDWULF6XGGHQ&DUGLDF$UUHVWUHSRUWLVVXHGLQE\$PHULFDQ$FDGHP\RI
3HGLDWULFVUHSRUWV>@
z &'&KDVHVWLPDWHGWKDWHYHU\\HDULQWKH8QLWHG6WDWHVDSSUR[LPDWHO\SDWLHQWV
\RXQJHUWKDQ\HDUVZLOOGLHRI6&$>@
z 2WKHUROGHUUHSRUWVHVWLPDWHWKHIUHTXHQF\RI6&$LQFKLOGUHQDQGDGROHVFHQWVWREH
EHWZHHQDQGSHUSHU\HDU>@>@>@>@>@
z 7ZRVWXGLHVVXJJHVWWKDWWKHIUHTXHQF\RI6&$LQDGROHVFHQWVDQG\RXQJDGXOWV
DFWXDOO\PD\EHLQFUHDVLQJ>@2QHVWXG\SXEOLVKHGLQHVWLPDWHG6XGGHQ
FDUGLDFGHDWKVULVHLQ\RXQJ$PHULFDQV>@

&KLQD
z 7KHQXPEHURIVXGGHQFDUGLDFDUUHVWGHDWKVUHDFKHDFK\HDULHRYHU
SHRSOHGLHRI6&$HDFKGD\ZLWKKLJKHULQFLGHQFHLQPDOHWKDQIHPDOH>@
z $FFRUGLQJWRPHGLDUHSRUWVLQWKH(PHUJHQF\&HQWHULQ%HLMLQJUHFHLYHG
RYHUVXGGHQFDUGLDFDUUHVWGHDWK\RXQJWRPLGGOHDJHSDWLHQWVWKLVQXPEHU
UDSLGO\LQFUHDVHGWRRYHULQ>@
z 2WKHUPHGLDUHSRUWHGWKHSHUFHQWDJHRIVXGGHQFDUGLDFDUUHVWGHDWKVDWDJHORZHU
WKDQ\HDUVROGUHDFKHGLQFUHDVHGFRPSDUHGZLWK>@
z 'XULQJWKHVWTXDUWHURIWKH(PHUJHQF\&HQWHULQ4LQJGDRUHJLVWHUHG
VXGGHQFDUGLDFDUUHVWGHDWKVWKHDJHRIPRVWRIWKHPZHUHEHWZHHQ\HDUV
ROGDFFRXQWLQJWRRIWKHWRWDOYLVLWVE\WKHFHQWHU>@

5HIHUHQFHV

>@0XUSK\6/;X-4.RFKDQHN.''HDWKV)LQDOGDWDIRU1DWO9LWDO6WDW5HS
  KWWSZZZFGFJRYQFKVGDWDQYVUQYVUQYVUBSGI>3')0@

>@*R$60R]DIIDULDQ'5RJHU9/%HQMDPLQ(-%HUU\-'%ODKD0-HWDO+HDUW
GLVHDVHDQGVWURNHVWDWLVWLFV²XSGDWHDUHSRUWIURPWKH$PHULFDQ+HDUW
$VVRFLDWLRQ&LUFXODWLRQ

>@$PHULFDQ$FDGHP\RI3HGLDWULFV3HGLDWULF6XGGHQ&DUGLDF$UUHVW 5HSRUW H0DUFK

KWWSSHGLDWULFVDDSSXEOLFDWLRQVRUJFRQWHQWHIXOOSGI

>@.XQJ+&+R\HUW'/;X-0XUSK\6/'HDWKV¿QDOGDWDIRU1DWO9LWDO6WDW
5HS  ±

>@ &RUUDGR ' %DVVR & 6FKLDYRQ 0 7KLHQH *6FUHHQLQJ IRU K\SHUWURSKLF
FDUGLRP\RSDWK\LQ\RXQJDWKOHWHV1(QJO-0HG
  ±

>@ 'ULVFROO '- (GZDUGV :' 6XGGHQ XQH[SHFWHG GHDWK LQ FKLOGUHQ DQG DGROHVFHQWV -
$P&ROO&DUGLRO VXSSO %±%

>@:UHQ&6XGGHQGHDWKLQFKLOGUHQDQGDGROHVFHQWV+HDUW  ±

>@  1HXVSLHO'5.XOOHU/+6XGGHQDQGXQH[SHFWHGQDWXUDOGHDWKLQFKLOGKRRGDQG
DGROHVFHQFH-$0$  ±

>@ 6KHQ :. (GZDUGV :' +DPPLOO 6& %DLOH\ .5 %DOODUG '- *HUVK %- 6XGGHQ
XQH[SHFWHGQRQWUDXPDWLFGHDWKLQ\RXQJDGXOWVD\HDUSRSXODWLRQEDVHGVWXG\
$P-&DUGLRO  ±

>@  6SXUJHRQ'6XGGHQFDUGLDFGHDWKVULVHLQ\RXQJ$PHULFDQV%0-

KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
7ZHOYH+HDOWK'HWHULRUDWH7UHQGVLQ%RWK86$DQG&KLQD                           7RWDO3DJHV3DJH

 

>@  6R5HOOH5-XPSLQVXGGHQGHDWKVUHSRUWHGLQ\RXQJHUSHRSOHGXULQJSDVWGHFDGH
&LUFXODWLRQ  H±H

>@ 1HZV (YHQLQJ 1HZV $W OHDVW RYHU  SHRSOH VXGGHQO\ GLH HDFK GD\ LQ &KLQD
LQFLGHQFHKLJKHULQPDOHWKDQIHPDOH
KWWSQHZVVRKXFRPQVKWPO

>@6LQD+HDOWK:K\GRHVVXGGHQGHDWKFDWFKRQ\RXQJSHRSOH

KWWSKHDOWKVLQDFRPFQGVKWPO

>@ 4LOX 'DLO\ 1HZV  RI 4LQJGDR V FLWL]HQV KDYH FDUGLDF SUREOHPV PHQWDO
VWLPXODWLRQLQGXFHGE\VXGGHQGHDWK
KWWSTGLIHQJFRPIJTGGHWDLOBBBVKWPO




KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ

&RPPRQLQERWK86$DQG&KLQD([SRVXUHWRJO\SKRVDWHDQGQKH[DQHUHVLGXHV   7RWDOSDJH

&RPPRQ LQ ERWK 86$ DQG &KLQD ([SRVXUH WR JO\SKRVDWH DQG
QKH[DQHUHVLGXHVWKURXJKHQYLURQPHQWSROOXWLRQIRRGDQGFKHPLFDO
H[WUDFWHGIRRGRLO  

&KLQD
z /DUJHVWSURGXFHURIJO\SKRVDWHRIWKHZRUOG
z /DUJHVW H[SRUWHU RI JO\SKRVDWH RI WKH ZRUOG LQFOXGLQJ H[SRUW RI
JO\SKRVDWHWR0RQVDQWRWRSURGXFH5RXQGXSIRUPXODKHUELFLGH
z 0DVVLYH HQYLURQPHQW SROOXWLRQ FDXVHG E\ LOOHJDO GLVFKDUJH RI
WR[LFLQGXVWULDOZDVWHIURPSURGXFWLRQRIJO\SKRVDWH
z &KLQDLVPDMRULPSRUWHURI0RQVDQWR V5RXQGXSZKLFKDFFRXQWV
WRRI&KLQD VKHUELFLGHPDUNHW
z &KLQD ZLGHO\ DSSOLHV 5RXQGXS DQG RWKHU JO\SKRVDWHEDVHG
KHUELFLGHFDXVLQJZLGHVSUHDGSROOXWLRQ
z &KLQD LV ODUJHVW LPSRUWHU RI 55 VR\EHDQV 55 FDQROD SURFHVVHG
LQWR 55 VR\EHDQ IRRG RLO DQG 55 FDQROD IRRG RLO IORRGLQJ WKH
&KLQHVHPDUNHW
z &KLQHVH UHVHDUFKHUV LGHQWLILHG$03$ PHWDEROLWHV RIJO\SKRVDWH
WR[LFLQ55VR\EHDQIRRGRLO
z 55 VR\EHDQ SURWHLQ SRZGHU FRQWDLQLQJ KLJKHU OHYHOV RI
JO\SKRVWDWHLVDGGHGWRVDXVDJHVKDPIUR]HQIRRGFDNHVFRRNLHV
EUHDG HYHQ LQIDQW IRUPXOD PLON SRZGHU DQG ZKHDWIORXU LQ
&KLQD
z $ERXW  RI IRRG RLO LQ &KLQD DUH SURGXFHG E\ FKHPLFDO
H[WUDFWLRQ XVLQJ QKH[DQH DV RLO H[WUDFWLQJ VROYHQW UHVXOWV PRVW
IRRG RLO FRQWDLQV QKH[DQH UHVLGXH LQFOXGLQJ IRRG RLO SURFHVV
IURPVR\EHDQVFDQRODFRUQULFHKXVNV
z 0RVWVR\EHDQSURWHLQSRZGHULQ&KLQDLVSURFHVVHGIURPVR\EHDQ
FDNHWKHVLGHSURGXFWRIFKHPLFDOH[WUDFWHGVR\EHDQRLO
z $FFRUGLQJ WR &KLQHVH QDWLRQDO VWDQGDUGV XS WR  PJNJ
QKH[DQH UHVLGXH LV DOORZHG LQ IRRG RLO DQG XS WR  PJNJ
QKH[DQHUHVLGXHLVDOORZHGLQIRRGJUDGHVR\EHDQSURWHLQSRZGHU
DGGHGWRLQIDQWIRUPXODPLONSRZGHU
z ()6$ DOORZV FKHPLFDO H[WUDFWHG 55 VR\EHDQ IRRG RLO DQG
VR\EHDQ SURWHLQ SRZGHU WR EH DGGHG WR LQIDQW IRUPXOD PLON
SRZGHU LV WKH PDLQ UHDVRQ &KLQD V )RRG
 'UXJ
$GPLQLVWUDWLRQ%XUHDXDOORZVVXFKFULPLQDOSUDFWLFH


KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
(OHYHQVWXGLHVE\&KLQHVHVFKRODUVUHYHDOKDUPFDXVHGE\JO\SKRVDWH                  7RWDOSDJHV3DJH

(OHYHQVWXGLHVE\&KLQHVHVFKRODUVUHYHDOKDUPFDXVHGE\JO\SKRVDWH

(OHYHQVFLHQWLILFVWXGLHVE\&KLQHVHVFKRODUVUHYHDOWKDWJO\SKRVDWHFDXVHGDPDJHWR
SURWHLQVDQGOLSLGVFDXVHDSRSWRVLVDQGQHFURVLVRIOLYHUFHOOVZLWKREYLRXVGDPDJH
FDXVHPXWDJHQLFDQGUHSURGXFWLYHWR[LFLW\FDSDEOHRIFDXVLQJELUWKGHIHFWVWRKXPDQ
RIIVSULQJ 

       㥹⭈㟖о䈅傼啐³㛍ᗞ㋂փ㳻ⲭਜ਼䟿᰾ᱮ߿ቁ«㳻ⲭਜ਼䟿߿ቁਟ㜭
о㛍㓶㜎ਇᦏ㠤֯ਸᡀ㳻ⲭ㜭࣋л䱽ᴹ˗´ޣ
       *O\SKRVDWH DQG WHVW UDW ³/LYHU PLFURVRPDO SURWHLQ FRQWHQW
GHFUHDVHG VLJQLILFDQWO\ « SURWHLQ FRQWHQW UHGXFWLRQ PLJKW EH DVVRFLDWHG ZLWK
SURWHLQV\QWKHVLVDELOLW\UHGXFWLRQFDXVHGE\LPSDLUHGOLYHUFHOOGDPDJH´ 

䛜ᜐ⩬ˈ㥹⭈㟖ሩབྷ啐㓶㜎㢢㍐ 3% ઼ 3& สഐ㺘䗮Ⲵᖡ૽ˈǉছ
⭏∂⨶ᆖᵲᘇǊ ᒤㅜ  ধㅜ  ᵏˈ 亥 
˄㘵অս˖↖≹਼⍾५、བྷᆖޡޜছ⭏ᆖ䲒⧟ຳ∂⨶ᆖ⹄ウᇔǄ˅

:X+XLTLRQJ*O\SKRVDWHLPSDFWRQUDWF\WRFKURPH3%DQG3FJHQH
H[SUHVVLRQ+HDOWK7R[LFRORJ\-RXUQDO  >&KLQHVH@
2UJDQL]DWLRQ (QYLURQPHQW 7R[LFRORJ\ 5HVHDUFK 6HFWLRQ 3XEOLF +HDOWK &ROOHJH
:XKDQ7RQJML0HGLFDO8QLYHUVLW\ 
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO:6'/KWP

       ³ሩ哴匍ާᴹ᰾ᱮⲴ䚇ՐᆖᦏՔ⭘´˗
       ³FDXVHVREYLRXVJHQHWLFGDPDJHWR\HOORZHHO´ 

㙯ᗧ䍥ㅹˈ䲔㥹ࡲߌ䗮ሩ哴匍㠤ケਈᙗ⹄ウˈǉᗀᐎᐸ㤳བྷᆖᆖᣕ 㠚❦、ᆖ
⡸ Ǌ ᒤ  ᵏ

*HQJ'HJXLHWDO6WXG\RI+HUELFLGH5RXQGXSLPSDFWRQ\HOORZHHOPXWDJHQLF
-RXUQDORI;X]KRX1RUPDO8QLYHUVLW\ 1DWXUDO6FLHQFH(GLWLRQ   
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO;=6;KWP 

        н਼⎃ᓖ㥹⭈㟖㦟⢙³ሩ㸮㴽Ⲵ㓒㓶㜎ᗞṨ⦷઼Ṩᔲᑨ⦷൷ᴹа
ᇊ〻ᓖⲴᖡ૽´˗
        'LIIHUHQW FRQFHQWUDWLRQ RI JO\SKRVDWH ³FDXVHV FHUWDLQ GHJUHH RI
HIIHFWRQ5%&PLFURQXFOHXVUDWHDQGWKHUDWHRIQXFOHDUDQRPDOLHVRIWRDGV´


KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
(OHYHQVWXGLHVE\&KLQHVHVFKRODUVUHYHDOKDUPFDXVHGE\JO\SKRVDWH                  7RWDOSDJHV3DJH

ইᰝ䱣ˈ䲔㥹ࡲ³㥹⭈㟖´ሩ勛劬ཆઘ㹰㓒㓶㜎ᗞṨ৺ṨᔲᑨⲴᖡ૽>-@ᆹᗭᐸ㤳
བྷᆖᆖᣕ˖㠚❦、ᆖ⡸ˈˈ  ˖

1DQ ;X\DQJ ,PSDFW RI JO\SKRVDWH KHUELFLGH RQ FDUS SHULSKHUDO EORRG HU\WKURF\WH
PLFURQXFOHXV DQG QXFOHDU DQRPDOLHV -RXUQDO RI $QKXL 1RUPDO 8QLYHUVLW\ 1DWXUDO
6FLHQFH(GLWLRQ   >&KLQHVH@
KWWSZZZFTYLSFRPTN;KWPO 

       ³ሩ
ሩ勛劬Ⲵ㹰㓒㳻ⲭǃ㓒㓶㜎઼ⲭ㓶㜎ᖡ૽䖳བྷ´
       ³FDXVHVUDWKHUODUJHHIIHFWRQ&UXFLDQFDUSKHPRJORELQUHGEORRGFHOOV
DQGZKLWHEORRGFHOOV´

ইᰝ䱣ˈ䲔㥹ࡲ㥹⭈㟖ሩ勛劬㹰㓶㜎৺㹰㓒㳻ⲭᖡ૽Ⲵ⹄ウˈ⭈㚳、ᆖᆖᣕˈ
˄˅
ቡ㙼ᵪᶴ˖⎉⊏ᐎᐸ㤳ᆖ䲒⭏⢙о⧟ຳ、ᆖ㌫ 
2UJDQL]DWLRQ %LRORJ\  (QYLURQPHQW 6FLHQFH 'HSW =KHMLDQJ :HQ]KRX 1RUPDO
&ROOHJH 

1DQ ;X\DQJ 6WXG\ RI LPSDFW RI JO\SKRVDWH KHUELFLGH RQ FDUS EORRG FHOOV DQG
KHPRJORELQ*DQVX6FLHQFH   
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO*6.;KWP

       ³ሩ⌕勵ާᴹаᇊⲴ⭏⨶∂ᙗ´˗
       ³FDXVHVFHUWDLQGHJUHHRIELRORJLFDOWR[LFLW\WRORDFKHV´

ইᰝ䱣ˈᕐ㢣ѩˈ哴ሿ㧢ˊ䲔㥹ࡲ³ 㥹⭈㟖´ ሩ⌕勵ⲭ㓶㜎Ⲵᖡ૽>-@ˈᐎᐸ㤳
ᆖ䲒 ᆖᣕ˖㠚❦、ᆖ⡸ˈ   ቡ㙼ᵪᶴ˖ᐎᐸ㤳ᆖ䲒⭏⢙о⧟ຳ
、ᆖᆖ䲒

1DQ ;X\DQJ HW DO ,PSDFW RI JO\SKRVDWH KHUELFLGH RQ ORDFK ZKLWH EORRG FHOOV
-RXUQDORI:HQ]KRX1RUPDO8QLYHUVLW\ 1DWXUDO6FLHQFH(GLWLRQ   
>&KLQHVH@
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO:=6)KWP

       ³ሩሿ啐ާᴹ⭏⇆∂ᙗᒦާᴹаᇊⲴ㠤ケਈ⭘´˗
       ³FDXVHVUHSURGXFWLRQWR[LFLW\WRPLFHZLWKDFHUWDLQPXWDJHQLF
HIIHFW´


KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
(OHYHQVWXGLHVE\&KLQHVHVFKRODUVUHYHDOKDUPFDXVHGE\JO\SKRVDWH                  7RWDOSDJHV3DJH

ѝഭᆖ㘵ᓧ㧺㣣 HWDOˈ㥹⭈㟖ሩሿ啐Ⲵ㠤ケਈ⭘⹄ウ˄ǉⱼਈ⮨ਈケਈǊˈ
 ᒤ  ᵏ˅

.DQJ-XIDQJHWDO6WXG\RIJO\SKRVDWHHIIHFWFDXVLQJPXWDJHQLFRQUDWV
&DUFLQRJHQHVLV7HUDWRJHQHVLV 0XWDJHQHVLV   
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO$%-%KWP 

        ³㜭
㜭ᕅ䎧Ӫ㛍㓶㜎ᆈ⍫⦷л䱽㓶㜎㟌䙊䘿ᙗ࣐ᣁࡦ㓶㜎ᆀ䖜
䘀䈡ਁ '1$ ᦏՔ㓯㋂փ㟌⭥ս䱽վ&\W &ǃ$,) ㅹӑഐᆀ⋴┿֯㓶㜎ӗ⭏
ӑ઼ൿ↫ሩ㛍㓶㜎ާᴹ᰾ᱮⲴᦏՔ⭘´˗
        ³&DQ OHDG WR OLYHU FHOO VXUYLYDO UDWH GHFUHDVH FHOO PHPEUDQH
SHUPHDELOLW\ LQFUHDVH LQKLELW FHOO LRQ WUDQVSRUW LQGXFH '1$ GDPDJH
PLWRFKRQGULDO PHPEUDQH SRWHQWLDO GHFUHDVHG OHDNDJH RI &\W & $,) DSRSWRVLV
IDFWRUVFDXVHVFHOODSRSWRVLVDQGQHFURVLVREYLRXVGDPDJHWROLYHUFHOOV´

⦻䶎ˈߌ䗮 ˁ㥹⭈㟖ሩӪ / 㛍㓶㜎ᦏՔⲴ⹄ウ˄ѝইབྷᆖ⺅༛䇪᮷˅

:DQJ)HL6WXG\RI5RXQGXSFDXVLQJGDPDJHWRKXPDQ/OLYHUFHOOV0DVWHU V
WKHVLV=KRQJQDQ8QLYHUVLW\
KWWSFGPGFQNLFRPFQDUWLFOHFGPGKWP

       ³ਟᕅ䎧ሿ啐㋮ᆀᮠⴞ߿ቁǃ㋮ᆀ⮨ᖒ⦷࣐ԕ৺䱴ⶮ઼ⶮѨ䟽䟿
৺ަ㌫ᮠл䱽ˈᨀ⽪ߌ䗮ሩ䳴ᙗሿ啐ާᴹ᰾ᱮⲴ⭏⇆∂ᙗ⭘´˗
        &RXOG FDXVH PLFH VSHUP QXPEHU UHGXFH VSHUP GHIRUPLW\ UDWH
LQFUHDVH HSLGLG\PLV DQG WHVWLV ZHLJKW DQG FRHIILFLHQW GHFOLQH VXJJHVWLQJ 5RXQGXS
FDXVHVREYLRXVUHSURGXFWLYHWR[LFLW\LQPDOHPLFH´ 

哴Ⴇˈߌ䗮ሩ䳴ᙗ⭏⇆㓶㜎Ⲵ∂ᙗ⭘৺ަᵪࡦⲴࡍ↕⹄ウˈѝইབྷᆖ˄⺅༛䇪
᮷˅ˈ

+XDQJ7LQJ3UHOLPLQDU\VWXG\RI5RXQGXS¶VWR[LFLW\HIIHFWDQGPHFKDQLVPRQPDOH
UHSURGXFWLYHFHOOV0DVWHU VWKHVLV=KRQJQDQ8QLYHUVLW\
KWWSFGPGFQNLFRPFQ$UWLFOH&'0'KWP
ޘ᮷䬮᧕˖KWWSZZZGRFFRPSKWPO 

       ³㥹⭈㟖ሩ⎧㛶㜊㛾ਁ㛢ᵏާᴹаᇊⲴᙕᙗ∂ᙗ´˗
       ³*O\SKRVDWHFDXVHVFHUWDLQDFXWHWR[LFLW\WRVHDXUFKLQHPEU\RVGXULQJ

KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
(OHYHQVWXGLHVE\&KLQHVHVFKRODUVUHYHDOKDUPFDXVHGE\JO\SKRVDWH                  7RWDOSDJHV3DJH

GLIIHUHQWSKDVHVRIGHYHORSPHQW´

ᵾ့ HW DOˈ ᑨ㿱ߌ㦟ሩ⎧㛶㜊㛾ਁ㛢ᵏⲴᙕᙗ∂ᙗˈ ⭏ᘱ∂⨶ᆖᣕˈ
  
ᵪᶴ˖བྷ䘎⎧⌻བྷᆖǃߌъ䜘⎧⌻≤ӗޫ⇆ᆖо⭏⢙ᢰᵟ䟽⛩ᔰ᭮ᇎ傼ᇔ 
2UJDQL]DWLRQ 0DULQH )LVKHULHV $TXDFXOWXUH  .H\ /DERUDWRU\ RI %LRWHFKQRORJ\
'DOLDQ0DULQH8QLYHUVLW\DQG0LQLVWU\RI$JULFXOWXUH 

/L4LDRHWDO$FXWHWR[LFLW\RIHLJKWW\SHVRISHVWLFLGHVWRVHDXUFKLQHPEU\RVGXULQJ
GLIIHUHQWSKDVHVRIGHYHORSPHQW´
KWWSGZDQIDQJGDWDFRPFQ3HULRGLFDOBF\\KMDVS[


       ³㥹
㥹⭈㟖㜭䱽վሿ啐Ⲵᙫᣇ≗ॆ㜭࣋ᦏՔ㳻ⲭ䍘઼㜲䍘䙐ᡀᵪփ
Ⲵ≗ॆᦏՔሬ㠤⯮⯵Ⲵਁ⭏´˗
      ³*O\SKRVDWHFDQUHGXFHWRWDODQWLR[LGDQWFDSDFLW\GDPDJHSURWHLQ
DQG OLSLG FDXVH R[LGDWLYH GDPDJH RI WKH ERG\ FDXVH GHYHORSPHQW RI YDULRXV
GLVHDVHV´

䎥ՏˈᴩᴖҸˈ㢣㨽ˈㅹˊ㥹⭈㟖㠤ሿ啐ᵪփ≗ॆᦏՔ⭘Ⲵ⹄ウ>-@Ǆ∂⨶ᆖ
ᵲᘇˈ  

=KDR :HL HW DO 6WXG\ RI R[LGDWLYH GDPDJH RI WKH ERG\ FDXVHG E\ JO\SKRVDWH
7R[LRORJ\-RXUQDO  >&KLQHVH@
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO:6'/KWP

      ³㥹⭈㟖ሩሿ啐ާᴹ⭏⇆∂ᙗᒦާᴹаᇊⲴ㠤ケਈ⭘´Ǆ
       ³*O\SKRVDWHFDXVHV UHSURGXFWLYH WR[LFLW\ WR PLFHDQG KDV FHUWDLQ
PXWDJHQLFHIIHFW´

؎ភ⊏ẵ䎥᮷㓒㥹⭈㟖∂ᙗ⭘⹄ウ䘋ኅ>-@㲼ฐ५ᆖ䲒ᆖᣕ ᒤ  ᵏ
<X+XLHWDO3URJUHVVLQVWXG\RIJO\SKRVDWHWR[LFLW\   
KWWSZZZFQNLFRPFQ$UWLFOH&-)'727$/%$1*KWP
KWWSZZZGRFFRPSKWPO





KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
7ZHQW\IRXUVFLHQWLILFVWXGLHVSURYHKH[DQHDQGEHQ]HQHFDXVHUHSURGXFWLRQWR[LFLW\       7RWDO3DJHV3DJH

7ZHQW\IRXULQWHUQDWLRQDODQG&KLQHVHDQGVFLHQWLILFVWXGLHVDQG
HSLGHPLRORJ\VWXGLHVSURYHWKDWKH[DQHUHVLGXDOVDQGEHQ]HQH
UHVLGXDOVFDXVHUHSURGXFWLRQWR[LFLW\WRERWKIHPDOHDQGPDOHV

6XPPDU\
z +H[DQHUHVLGXDOVZHUHIRXQGLQXULQHRIIDWKHUVPRWKHUVDQGFKLOGUHQH[SRVHGWR
DSSOLFDWLRQ RU PL[WXUH RI JO\SKRVDWHEDVHG KHUELFLGH 5RXQGXS PHDQLQJ WKDW
JO\SKRVDWHFDQHQWHUEORRGFLUFXODWLRQRIPDOHVIHPDOHVDQGFKLOGUHQ
z +H[DQH UHVLGXDOV DUH IRXQG FDQ WKURXJK EORRG FLUFXODWLRQ FDQ SDVV WKURXJK WKH
SODFHQWDDQGHQWHULQWRIHWXVRISUHJQDQWUDWV
z +H[DQH LV D KRUPRQH LQWHUUXSWHU ZKLFK GHPRQVWUDWHV HIIHFWV KDUPIXO WR KXPDQ
KHDOWKDWYHU\ORZGRVHOHYHOVHYHQE\H[SRVXUHRIEUHDWKLQJDLUZLWKORZOHYHOV
RIKH[DQHFRQWHQW
z +H[DQH DV ZHOO DV EHQ]HQH LH UHVLGXDO FRQWDLQHG LQ KH[DQH VROYHQW SURGXFHG
IRU YHJHWDEOH IRRG RLO H[WUDFWLRQ VKRZ WKDW WKH\ VSHFLILFDOO\ DWWDFN DQG FDXVH
GDPDJHWRWKHIHPDOHUHSURGXFWLRQV\VWHPDVZHOODVDWWDFNDQGFDXVHGDPDJHWR
WKHPDOHUHSURGXFWLRQV\VWHPDQGVSHUPV

>1RWH %HQ]HQH LV D UHVLGXH RI WKH KH[DQH VROYHQW XVHG IRU YHJHWDEOH RLO H[WUDFWLRQ
WKXVLVVWXGLHGWRJHWKHUZLWKWKHHIIHFWVRIKH[DQH@

    ´7HVWLFXODU GDPDJH ZDV LQGXFHG LQ UDWV E\ UHVSLUDWRU\ WUHDWPHQW
ZLWKQKH[DQH DW D FRQFHQWUDWLRQ RI  SSP «DIWHU LQWHUUXSWLRQ RI WKH
WUHDWPHQW WKH WHVWLFXODU OHVLRQV EHFDPH LQFUHDVLQJO\ VHYHUH XS WR FRPSOHWH
DWURSK\ RI WKH VHPLQLIHURXV WXEXOHV VXJJHVWLQJ DQ LUUHYHUVLEOH VWHULOLW\ RI WKH
WUHDWHGDQLPDOV´

&'H0DUWLQRHWDO(IIHFWVRIUHVSLUDWRU\WUHDWPHQWZLWK1KH[DQHRQUDWWHVWLV
PRUSKRORJ\,$OLJKWPLFURVFRSLFVWXG\([SHULPHQWDODQG0ROHFXODU
3DWKRORJ\9ROXPH,VVXH$SULO3DJHV̢ 
)$QJHOLQL5HVHDUFK,QVWLWXWH9LDOH$PHOLD5RPH,WDO\
KWWSZZZVFLHQFHGLUHFWFRPVFLHQFHDUWLFOHSLL 

    ³DIWHU FHVVDWLRQ RI D GD\ LQKDODWLRQ H[SRVXUH WR  SSP
QKH[DQH« 6HYHUH WHVWLFXODU DWURSK\ LQYROYLQJ WKH VHPLQLIHURXV WXEXOHV ZLWK
ORVVRIWKHQHUYHJURZWKIDFWRU 1*) LPPXQRUHDFWLYHJHUPFHOOOLQHZDVIRXQG
7RWDOORVVRIWKHJHUPFHOOOLQHZDVIRXQGLQDIUDFWLRQRIDQLPDOVXSWRPRQWKV
SRVWH[SRVXUHLQGLFDWLQJSHUPDQHQWWHVWLFXODUGDPDJH´
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$UFK7R[LFRO  
7HVWLFXODUDWURSK\DQGORVVRIQHUYHJURZWKIDFWRULPPXQRUHDFWLYHJHUPFHOOOLQHLQ
UDWVH[SRVHGWRQKH[DQHDQGDSURWHFWLYHHIIHFWRIVLPXOWDQHRXVH[SRVXUHWRWROXHQH
RU[\OHQH 

1\OpQ 3(EHQGDO 7(ULNVGRWWHU1LOVVRQ 0+DQVVRQ 7+HQVFKHQ $-RKQVRQ
$&.URQHYL7.YLVW86M|VWUDQG12+|JOXQG*HWDO
'HSDUWPHQWRI1HXURPHGLFLQH1DWLRQDO,QVWLWXWHRI2FFXSDWLRQDO+HDOWK6ROQD
6ZHGHQ
KWWSZZZQFELQOPQLKJRYSXEPHG 

   3UHQDWDOH[SRVXUHWRKH[DQHZDVIRXQGWRFDXVH³SHUVLVWHQFHRIUHGXFHG
ERG\ JURZWK « HIIHFWV RI PDOQXWULWLRQ ZHUH DGGHG WR WKH VROYHQWLQGXFHG
UHWDUGDWLRQ7KLVUHVXOWHGLQDQH[WUHPHGHOD\LQWLVVXHPDWXUDWLRQDFFRPSDQLHG
E\DUHWDUGHGFHOOPDWXUDWLRQ«´

*LVHOD 6WROWHQEXUJ'LGLQJHU DW HO 1HXURWR[LFLW\ RI RUJDQLF VROYHQW PL[WXUHV
(PEU\RWR[LFLW\DQGIHWRWR[LFLW\1HXURWR[LFRORJ\DQG7HUDWRORJ\9ROXPH ,VVXH
1RYHPEHUದ'HFHPEHU3DJHVದ
KWWSZZZVFLHQFHGLUHFWFRPVFLHQFHDUWLFOHSLL/

    ³%HQ]LQH PLJKW KDYH HIIHFWV RQ WKH UHSURGXFWLRQ IXQFWLRQ RI IHPDOH
ZRUNHUVDQGLQWHOOLJHQFHGHYHORSPHQWRIWKHLURIIVSULQJV´

<X 'RQJ[XH /LX 5XLKXD (IIHFWV RI EHQ]HQH FRPSRXQGV LQ IHPDOH UHSURGXFWLYH
IXQFWLRQ DQG WKHLU RIIVSULQJ ,QGXVWULDO +HDOWK  3URIHVVLRQDO 'LVHDVH   
>&KLQHVH@
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO*<:=KWP

   ³7KH UHVXOWV RI WKH VWXG\ VXSSRUW WKH K\SRWKHVLV WKDW GDLO\ RU KLJK
H[SRVXUHWRRUJDQLFVROYHQWVLVDVVRFLDWHGZLWKUHGXFHGIHUWLOLW\´

$P-,QG0HG0D\  

5HGXFHGIHUWLOLW\DPRQJZRPHQH[SRVHGWRRUJDQLFVROYHQWV 
6DOOPpQ0/LQGERKP0/.\\U|QHQ31\N\UL($QWWLOD$7DVNLQHQ++HPPLQNL.
'HSDUWPHQWRI(SLGHPLRORJ\DQG%LRVWDWLVWLFV,QVWLWXWHRI2FFXSDWLRQDO+HDOWK+HOVLQNL)LQODQG



KWWSZZZQFELQOPQLKJRYSXEPHG

KWWSSHRSOHFVDLOPLWHGXVHQHIIJO\SKRVDWH&KHQB,BZDQB5HIHUHQFHBLQIRBJO\SKRVDWHB-XQHBSGI

,)UD
&LWHG5HIHUHQFH &KHQ
7ZHQW\IRXUVFLHQWLILFVWXGLHVSURYHKH[DQHDQGEHQ]HQHFDXVHUHSURGXFWLRQWR[LFLW\       7RWDO3DJHV3DJH



  ´2XUUHVXOWVVXSSRUWWKHK\SRWKHVLVWKDWVSRQWDQHRXVDERUWLRQPD\EH
DQDGYHUVHHIIHFWRIH[SRVXUHWRKLJKOHYHOVRIRUJDQLFDOLSKDWLFVROYHQWVLQ
ZRPHQHPSOR\HGLQVKRHPDQXIDFWXUH´

,QW$UFK2FFXS(QYLURQ+HDOWK  
5LVNRIVSRQWDQHRXVDERUWLRQDQGPDWHUQDOH[SRVXUHWRRUJDQLFVROYHQWVLQWKHVKRH
LQGXVWU\
$JQHVL59DOHQWLQL)0DVWUDQJHOR*
8/66'LSDUWLPHQWRGL3UHYHQ]LRQH'ROR,WDO\ 
KWWSSXEPHGFQ 

  ³([SRVXUHWRPRUHWKDQWKHKLJKHVWDOORZDEOHFRQFHQWUDWLRQDQGORZHU
WKDQWKHKLJKHVWDOORZDEOHFRQFHQWUDWLRQRIEHQ]HQHDQGLWVKRPRORJXHKDV
FHUWDLQHIIHFWRQIHPDOHPHQVWUXDWLRQDQGSUHJQDQF\

-LDQJ4LGHHWDO7KHHIIHFWRIH[SRVXUHWRGLIIHUHQWFRQFHQWUDWLRQRIEHQ]HQHRQWKH
IHPDOH PHQVWUXDWLRQ DQG SUHJQDQF\ RXWFRPH ,QGXVWULDO +HDOWK  3URIHVVLRQDO
'LVHDVH  >&KLQHVH@
KWWSZZZFQNLFRPFQ$UWLFOH&-)'727$/*<:=KWP

   ³EHQ]HQH PL[WXUH FDXVHV KDUP WR JHQHWLF PDWHULDO RI ZRUNHUV 7KH
GHJUHHRIKDUPLQGLFDWHVDWUHQGLQFUHDVHVZLWKGXUDWLRQRIH[SRVXUH´

=KDR *XRKXD HW DO 2EVHUYDWLRQ RI H[SRVXUH WR ORZ FRQFHQWUDWLRQ EHQ]HQH
FRPSRXQGVLQZRUNHUVFHOOPLFURQXFOHXVUDWHDQGFKURPRVRPHIUDFWXUHUDWH0RGHUQ
3UHYHQWLYH0HGLFLQH  >&KLQHVH@
KWWSZZZFQNLFRPFQ$UWLFOH&-)'727$/;'<)KWP 


   ³3UHJQDQW ZRPDQ¶V H[SRVXUH WR EHQ]HQH PL[WXUH LV WKH PDLQ IDFWRU
HIIHFWLQJZHLJKWDQGOHQJWKRIQHZERUQV´


&KHQ 'DIDQJ HW DO 7KH HIIHFW RI SUHJQDQW ZRPHQ H[SRVHG WR EHQ]HQH PL[WXUH
FRPSRXQGV RQ IHWDO JURZWK DQG GHYHORSPHQW 'LVHDVH &RQWURO -RXUQDO   
>&KLQHVH@
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO-%.=KWP

   ³7KH ILQGLQJV RI WKH VWXG\ SURYLGH OLPLWHG VXSSRUW IRU WKH K\SRWKHVLV WKDW

SDWHUQDOH[SRVXUHWRRUJDQLFVROYHQWVPLJKWEHDVVRFLDWHGZLWKGHFUHDVHGIHUWLOLW\´
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6DOOPpQ0HWDO7LPHWRSUHJQDQF\DPRQJWKHZLYHVRIPHQH[SRVHGWRRUJDQLF
VROYHQWV2FFXS(QYLURQ0HG-DQ  
)LQQLVK,QVWLWXWHRI2FFXSDWLRQDO+HDOWK'HSDUWPHQWRI(SLGHPLRORJ\DQG
%LRVWDWLVWLFV+HOVLQNL)LQODQG 
KWWSSXEPHGFQ

   ³([SRVXUHWRORZFRQFHQWUDWLRQ RI PL[HG EHQ]HQH PD\EH FRUUHODWHG
ZLWK WKH GHFOLQHG TXDOLW\ RI VHPHQ DQG 9()/ LQ RFFXSDWLRQDO ZRUNHUV DQG
XULQDU\WW0$DQGEHWDK&*FDQEHXVHGDVELRPDUNHUVRIH[SRVXUHDQGHIIHFW
UHVSHFWLYHO\´

>:DQJ 6 &KHQ + :DQJ ; 6WXGLHV RQ UHODWLRQVKLS EHWZHHQ H[SRVXUH WR ORZ
FRQFHQWUDWLRQRIPL[HGEHQ]HQHDQGORZHUTXDOLW\RIVHPHQDQGYHU\HDUO\IHWDOORVV@
=KRQJKXD<X)DQJ<L;XH=D=KL6HS  
6FKRRORI3XEOLF+HDOWK1DQMLQJ0HGLFDO8QLYHUVLW\1DQMLQJ&KLQD
㤡䈁᮷˖KWWSZZZQFELQOPQLKJRYSXEPHG

  ³1KH[DQHLQGXFHVFKURPRVRPHGDPDJHRQSRLVRQHGSDWLHQWV

/LDQJ :HLKXL HW DO 3HULSKHUDO EORRG PLFURQXFOHXV WHVWV RI RFFXSDWLRQDO QKH[DQH
SRLVRQHG SDWLHQWV &KLQD $FDGHP\ RI 6FLHQFH 6KDQJKDL 0HWDOOXUJLFDO 5HVHDUFK
,QVWLWXWH0DWHULDOSK\VLFVDQGFKHPLVWU\3K'WKHVLV>&KLQHVH@ 
KWWSZZZFKHP\TFRPKHDOWKHSB$KWP

   ³([SRVXUH WR ORZ OHYHO RI PL[HG EHQ]HQH LQ ZRUNVSDFHV FRXOG
LQWHUUXSW WKH IXQFWLRQ RI K\SRWKDODPLFSLWXLWDU\RYDULDQ D[LV DQG DIIHFW WKHLU
QRUPDOOHYHOVRI)6+3G*DQG(&´

&KHQ +DL\DQ HW DO (IIHFWV RI ORZ FRQFHQWUDWLRQ PL[HG EHQ]HQH RQ IHPDOH
UHSURGXFWLYHKRUPRQHV&KLQD3UHYHQWDWLYH0HGLFLQH-RXUQDO  >&KLQHVH@
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO=+<)KWP
(QJOLVKKWWSZZZQFELQOPQLKJRYSXEPHG  

   ³)HPDOH DJH EHWZHHQ  WR  DYHUDJH  3DVW KLVWRU\ DOO LQGLFDWH
KHDOWK\«PRQLWRULQJVKRZVWKHPDLQFRPSRVLWLRQRIWKHHYDSRUDWHGIXPHIURP
WKHUHVLQVLVKH[DQH«JLUOVDPRQJWKLVJURXSDOODSSHDUHGZLWKQRSHULRGVRU
RXWRIRUGHU´

;X;XHFKXQ&OLQLFDOREVHUYDWLRQDQDO\VLVRIFKURQLFQKH[DQHSRLVRQLQJ,QGXVWULDO
+HDOWK 2FFXSDWLRQDO'LVHDVH  >&KLQHVH@ 
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KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO*<:=KWP

  ³3URIHVVLRQDOH[SRVXUHWREHQ]HQHFRXOGFDXVHSUREOHPVZLWKSHULRGV
RUUHSURGXFWLRQIXQFWLRQV´

+XR=KRQJOL3X;LDR\DQ,QIOXHQFHRIEHQ]HQHDQGLWVKRPRORJXHRQUHSURGXFWLYH
IXQFWLRQRIRFFXSDWLRQDOIHPDOH&KLQD V0DWHUQLW\ &KLOG&DUH   
KWWSZZZFKHPGUXJFRPGDWDEDVHVBBDNMUWHJUHHYHX\RZKWPO

   ³5HVXOWV VXJJHVW WKDW PDWHUQDO RFFXSDWLRQDO H[SRVXUH WR RUJDQLF
VROYHQWVGXULQJSUHJQDQF\PD\SOD\DUROHLQWKHDHWLRORJ\RIRUDOFOHIWV´

2FFXS(QYLURQ0HG6HS  
&KHYULHU&HWDO2FFXSDWLRQDOH[SRVXUHWRRUJDQLFVROYHQWPL[WXUHVGXULQJ
SUHJQDQF\DQGWKHULVNRIQRQV\QGURPLFRUDOFOHIWV2FFXS(QYLURQ0HG
6HS   
,QVHUP85HQQHV)UDQFHFHFLOHFKHYULHU#UHQQHVLQVHUPIU
KWWSSXEPHGFQ

    ³7KH ILQGLQJV SURYLGH IXUWKHU HYLGHQFH WKDW H[SRVXUH WR RUJDQLF
VROYHQWVLVKD]DUGRXVIRUIHPDOHUHSURGXFWLRQ7KHREVHUYHGDVVRFLDWLRQPD\EH
UHODWHGWRDQ\RI WKHIROORZLQJVROYHQWVFRPPRQO\ XVHGLQVKRH PDQXIDFWXULQJ
QKH[DQH DQG KH[DQH LVRPHUV WROXHQH DFHWRQH HWK\O DFHWDWH DQG
GLFKORURPHWKDQH´

2FFXS(QYLURQ0HG$XJ  (SXE1RY
6DOOPpQ 0 5HGXFHG IHUWLOLW\ DPRQJ VKRH PDQXIDFWXULQJ ZRUNHUV 2FFXS (QYLURQ
0HG$XJ  (SXE1RY
6DOOPpQ01HWR00D\DQ21
&HQWUHRI([SHUWLVHIRU+HDOWKDQG:RUN$ELOLW\)LQQLVK,QVWLWXWHRI2FFXSDWLRQDO
+HDOWK7RSHOLXNVHQNDWXD$),+HOVLQNL)LQODQG0DUNNX6DOOPHQ#WWOIL
KWWSZZZQFELQOPQLKJRYSXEPHG

  ³6KRZVWKDWQKH[DQHFDXVHGGLIIHUHQWOHYHOVRIOLSLGSHUR[LGDWLRQ
GDPDJH7KHPLFURVFRSLFREVHUYDWLRQ  GJURXSPLFURVWUXFWXUHRIJHUPFHOOV
VKRZVDSSDUHQWDQRPDOLHVLQWKHGHYHORSPHQWRIJRQDG&RQFOXVLRQ1KH[DQH
VXFWLRQFDXVHFHUWDLQGDPDJHWRJRQDGDQGGHYHORSLQJJHUPFHOOVRIUDWOLSLG
SHUR[LGDWLRQGDPDJHPD\EHRQHRIWKHPHFKDQLVPRIVXFKWR[LFHIIHFWV
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&DR-LQJWLQJHWDO1KH[DQHVWDWLFW\SHFDXVHVJRQDGGDPDJHWR6'UDWV&KLQD
/DERU+HDOWK2FFXSDWLRQDO'LVHDVH-RXUQDO  >&KLQHVH@
KWWSGZDQIDQJGDWDFRPFQ3HULRGLFDOB]KOGZV]\EDVS[

  ³%HQ]LQH«FDXVHVDEQRUPDOFKDQJHVWRSHULRGVLQFLGHQFHVKRZV
SRVLWLYHUHOHYDQFHZLWKWKHQXPEHURI\HDUVRISURIHVVLRQDOH[SRVXUHLQFLGHQFH
RIQDWXUDOPLVFDUULDJHQHZERUQORZZHLJKWDUHERWKKLJKHUWKDQFRQWUROJURXS´

;LQJ/LDQJKRQJ'HQJ;LDRPHL6XUYH\RIIHPDOHPHQVWUXDWLRQDQGIHUWLOLW\
ZRUNLQJZLWKEHQ]HQHH[SRVXUHLQOHDWKHUVKRHPDQXIDFWXUHUDW6KDQGRQJ5L]KDR
FLW\3UHYHQWDWLYH0HGLFLQH)RUXP  
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO<;:;KWP

  ³1KH[DQHKDVREYLRXVIHPDOHJRQDGVWR[LFLW\1KH[DQHFDQ
GHFUHDVHWKHRUJDQZHLJKWVDQGRUJDQFRHIILFLHQWVRIRYDULHVWKHSHULRGRI
HVWURXVVWDJHVLQUDWVGHFUHDVHGVLJQLILFDQWO\WKHFRQVWLWXHQWUDWHRISULPRUGLDO
IROOLFHDWUHVWLFIROLFOHPDWXUHIROOLFOHDQGFRUSXVXWHUXPDOELDFDQVQXPEHUZHUH
LQGLVRUGHU1KH[DQHFDQGHFUHDVHWKHOHYHORIVHUXP31KH[DQHFDQLQKLELW
3DQG(UHOHDVHLQWKHRYDULHVKDYLQJWKHGLUHFWDGYHUVHHIIHFWVZKLFKPLJKW
EHWKHLPSRUWDQWPHFKDQLVPLQHQGRFULQHGLVUXSWLRQ«1KH[DQHFDQGHFUHDVH
WKHUHDFWLRQRIVXSHUJRQDGRWURSKLFKRUPRQHVEXWLWQRWVXUHRIWKHUHDFWLRQRI
QRUPDOJRQDGRWURSKLFKRUPRQHV1KH[DQHFDQGHFUHDVHWKHUHDFWLRQRIVXSHU
JRQDGRWURSKLFKRUPRQHVEXWLWQRWVXUHRIWKHUHDFWLRQRIQRUPDOJRQDGRWURSKLF
KRUPRQHV

3DQJ)HQ1KH[DQH IHPDOH IHPDOHVH[JRQDGUHSURGXFWLYHWR[LFLW\DQG
UHSURGXFWLYHHQGRFULQHGLVUXSWLRQVWXGLHV 0DVWHUGHJUHHWKHVLV +HDOWK
7R[LFRORJ\)XMLDQ0HGLFDO8QLYHUVLW\
KWWSGZDQIDQJGDWDFRPFQ7KHVLVB<DVS[

  ³+H[DQHFRXOGFDXVHREYLRXVIHPDOHJRQDGVWR[LFLW\RYDULHVLVRQHRIWKH
PDLQWR[LFLW\  RUJDQWDUJHWV´ 


2X<DQJMLDQJHWDO1KH[DQHJRQDGWR[LFHIIHFWRQIHPDOHUDWV+DL[LD3UHYHQWLYH
0HGLFDO-RXUQDO  
KWWSZZZFQNLFRPFQ$UWLFOH&-)'7RWDO+;<)KWP
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  ³+H[DQHGHPRQVWUDWHVREYLRXVIHPDOHUHSURGXFWLRQJRQDGVLQWHUUXSWLRQ
FDQ FDXVH DEQRUPDO FKDQJHV LQ SHULRG RI HVWURXV VWDJHV FDXVH 2YDULDQ VH[ KRUPRQH
V\QWKHVLVG\VIXQFWLRQRIJUDQXORVDFHOOV1KH[DQHWKURXJKHIIHFW6W$5SURWHLQ3VFFDQG
3DURPH[SUHVVLRQLQ WKHSURFHVVRIIHPDOHSURJHVWDWLRQDOKRUPRQHV\QWKHVLVRI

RYDULDQJUDQXORVDFHOOVWKXVIXUWKHULQWHUIHUHV\QWKHVLVRIERWKPDOHDQGIHPDOH
SURJHVWDWLRQDO KRUPRQH 7KLV PD\ EH RQH RI WKH LPSRUWDQW PHFKDQLVPV KRZ
QKH[DQHFDXVHVGLVUXSWLRQRIUHSURGXFWLYHHQGRFULQH

2X<DQJMLDQJ=KDQJ:HQFKDQJ6WXGLHVRI1KH[DQH VGLVUXSWLRQRIRYDULDQIHPDOH
PDOH SURJHVWDWLRQDO KRUPRQH V\QWKHVLV DQG PHFKDQLVP %LRFKHPLFDO,QGXVWULDO



+HDOWK7R[LFRORJ\$FDGHPLF&RQIHUHQFH3URFHHGLQJV
KWWSFSIGFQNLFRPFQ$UWLFOH&3)'727$/=*'9KWP

   ³1KH[DQH DIIHFWHG PLFH RRF\WH *9%' UDWH DQG LQKLELW LWV QXFOHDU
PDWXUHRRF\WHV

/LX -LQ =KDQJ :HQFKDQJ 1KH[DQH WR[LF HIIHFW VWXG\ RI RRF\WH PDWXUDWLRQ
%LRFKHPLFDO,QGXVWULDO

 +HDOWK 7R[LFRORJ\ $FDGHPLF &RQIHUHQFH 3URFHHGLQJV


KWWSFSIGFQNLFRPFQ$UWLFOH&3)'727$/=*'9KWP

  1KH[DQHUHSURGXFWLYHHQGRFULQHGLVUXSWLRQ OLNHHVWUXVF\FOH
GLVRUGHUVH[KRUPRQHOHYHOFKDQJHHWF LVFDXVHGQRWE\WKHLQIOXHQFHRIVH[
KRUPRQHUHFHSWRUH[SUHVVLRQLQPLFH,WVUHSURGXFWLYHVHFUHWHLQWHUIHUHQFH
HIIHFWPD\EHWKURXJKWKHLQIOXHQFHRIWKHFRPELQDWLRQRIVH[KRUPRQHOLJDQG
DQGUHFHSWRURURWKHUVLJQDOLQJSDWKZD\V

/LX -LQ =KDQJ :HQFKDQJ 7KH FKURQLF H[SRVXUH RI QKH[DQH WR XWHUXV RYDULDQ
KRUPRQH UHFHSWRU H[SUHVVLRQ LQ PLFH %LRFKHPLFDO,QGXVWULDO  +HDOWK 7R[LFRORJ\
$FDGHPLF&RQIHUHQFH3URFHHGLQJV
KWWSFSIGFQNLFRPFQ$UWLFOH&3)'727$/=*'9KWP

  1KH[DQHFDQLQKLELWPRXVHRRF\WHPDWXUHLQFOXGLQJQXFOHDU
PDWXULW\DQGPDWXULW\DGLSLFNHWRQHLVDQHIIHFWKRZQKH[DQHDIIHFWVWKH
PDLQDFWLYHPHWDEROLWHRIRRF\WHQXFOHXVPDWXULW\0LWRFKRQGULDOGDPDJHDQG
HDUO\DSRSWRVLVRIRRF\WHVPLJKWEHRQHRIWKHLPSRUWDQWIDFWRUVRIQKH[DQH
LQKLELWLRQRIPRXVHRRF\WHVPDWXUH1KH[DQHFDQLQGXFHRYDULDQJUDQXORVD
FHOODSRSWRVLV
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/LX-LQ6WXGLHVRI1KH[DQHHIIHFWRQRRF\WHPDWXUDWLRQDQGJUDQXORVDFHOODSRSWRVLV
DQGLWVPHFKDQLVP3K'WKHVLV)XMLDQ0HGLFDO8QLYHUVLW\
KWWSFGPGFQNLFRPFQ$UWLFOH&'0'KWP
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Pesticides are used throughout the world as mixtures called formulations. They contain adjuvants, which are often kept confidential
and are called inerts by the manufacturing companies, plus a declared active principle, which is usually tested alone. We tested
the toxicity of 9 pesticides, comparing active principles and their formulations, on three human cell lines (HepG2, HEK293, and
JEG3). Glyphosate, isoproturon, fluroxypyr, pirimicarb, imidacloprid, acetamiprid, tebuconazole, epoxiconazole, and prochloraz
constitute, respectively, the active principles of 3 major herbicides, 3 insecticides, and 3 fungicides. We measured mitochondrial
activities, membrane degradations, and caspases 3/7 activities. Fungicides were the most toxic from concentrations 300–600
times lower than agricultural dilutions, followed by herbicides and then insecticides, with very similar profiles in all cell types.
Despite its relatively benign reputation, Roundup was among the most toxic herbicides and insecticides tested. Most importantly,
8 formulations out of 9 were up to one thousand times more toxic than their active principles. Our results challenge the relevance
of the acceptable daily intake for pesticides because this norm is calculated from the toxicity of the active principle alone. Chronic
tests on pesticides may not reflect relevant environmental exposures if only one ingredient of these mixtures is tested alone.

1. Introduction
Pesticides are used throughout the world as mixtures called
formulations. They contain adjuvants, which are often kept
confidential and are called inerts by the manufacturing
companies, plus a declared active principle (AP), which is
the only one tested in the longest toxicological regulatory
tests performed on mammals. This allows the calculation
of the acceptable daily intake (ADI)—the level of exposure
that is claimed to be safe for humans over the long term—
and justifies the presence of residues of these pesticides at
“admissible” levels in the environment and organisms. Only
the AP and one metabolite are used as markers, but this does
not exclude the presence of adjuvants, which are cell penetrants. Our previous investigation showed unexpected APs
for human cell toxicity in the adjuvants of glyphosate-based
herbicides [1]. Ethoxylated adjuvants found in glyphosatebased herbicides were up to 10.000 times more toxic than the

so-called active AP glyphosate [1] and are better candidates
for secondary side effects. This may explain in vivo long-term
toxicity from 0.1 ppb of the formulation and other toxicities
that were not explained by a consideration of glyphosate alone
[2–5]. These adjuvants also have serious consequences to the
health of humans and rats in acute exposures [6, 7]. These
findings prompted us to investigate the presence of similar
toxic molecules in other classes of pesticides.
The regulatory system assumes that the AP designed to
specifically target plants, insects or fungi is the most toxic
compound of a formulation to nontarget species. Thus longterm regulatory tests are performed on this substance alone.
In this paper, we tested to what extent the AP or adjuvants
in present formulations account for the toxicity of 9 major
pesticides: 3 herbicides, 3 insecticides, and 3 fungicides.
We have thus selected 9 APs of herbicides, insecticides,
or fungicides of different classes (Table 1) used for agricultural or domestic purposes, from the major pesticides
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Table 1: Summary of the pesticides tested. We have tested 9 APs of major herbicides, insecticides, or fungicides of different classes, used
worldwide for agricultural or domestic purposes. Concentrations of the APs are indicated in parenthesis. Adjuvants are reported where they
are mentioned on the material safety data sheet (MSDS).
Pesticide classes
Phosphonoglycine
Herbicides
Phenylurea
Synthetic auxin
Carbamate
Insecticides Neonicotinoid
Neonicotinoid
Triazole
Fungicides
Triazole
Imidazole

Active principles
Glyphosate
Isoproturon
Fluroxypyr (ester 1-methylheptyl)
Pirimicarb
Imidacloprid
Acetamiprid
Tebuconazole
Epoxiconazole
Prochloraz

used worldwide [8, 9]. First we tested Roundup and its
AP, glyphosate. Upon the introduction of herbicide tolerant genetically modified organisms (GMOs), designed to
tolerate Roundup and to accumulate unusual levels of its
residues, Roundup quickly became the major pesticide in
the world and a major food or feed contaminant [10]. Two
other herbicides of a different class were tested: isoproturon
(phenylurea) is the second most widely used AP of herbicides
in Europe in the control of annual grasses and broad-leaved
weeds in cereals and a major water contaminant [11]; and
fluroxypyr (a synthetic auxin) is used as an AP on noncrop
areas and also for agricultural use on wheat, barley, corn, and
oats. Forest services are expanding its use as an alternative
to other pesticides known to be toxic [12]. However, it is
poorly studied and its effects on human cells were never
published before. Among the insecticides chosen, pirimicarb
(a carbamate), used specifically to target aphids, is the most
representative AP in this family for cereal production and
garden insect control worldwide [13]. Neonicotinoids are the
largest selling insecticides worldwide and are marketed in
more than 120 countries for use on more than 140 crops
[14]. Their spectrum of biological efficacy covers a broad
range of target pests such as whiteflies, lepidopteran, and
coleopteran species. We tested the major neonicotinoid, the
AP imidacloprid, which is widely used for seed dressing.
Its toxicity against bees is widely admitted [15], but little is
known about the effects of its adjuvants. We also tested the
AP acetamiprid, another neonicotinoid advocated to replace
imidacloprid [16]. Azole-type fungicides are applied every
year on field crops, fruit trees, vegetables, and grassgrowing
areas [17]. We tested the two most popular triazole APs, epoxiconazole and tebuconazole. Finally, prochloraz (imidazole)
was tested because it is the main fungicide sprayed on cereals
in Europe [8].
We used the embryonic (HEK293), placental (JEG3), and
hepatic (HepG2) human cell lines because they are well
characterized and validated as useful models to test toxicities
of pesticides [18–20], corresponding to what is observed on
fresh tissue or primary cells [21–23]. These cell lines are even
in some instances less sensitive than primary cells [24, 25] and
therefore do not overestimate cellular toxicity. We assayed
their mitochondrial succinate dehydrogenase (SD) activity
(MTT assay) after 24 h pesticide exposure, which is one of the

(g/L)
450
500
200
500
200
5
250
125
450

Formulations
Roundup GT+
Matin EL
Starane 200
Pirimor G
Confidor
Polysect Ultra
Maronee
Opus
Eyetak

Declared adjuvants
Ethoxylated etheralkylamine
Unknown
Solvent naphtha; alkyl-aryl sulfonates
Docusate sodium; benzenesulfonic acid
1-Methyl-2-pyrrolidinone
1,2-Benzisothiazoline-3-one; ethanol
N,N-Dimethyldecanamide
Solvent naphtha; fatty alcohol ethoxylated
Solvent naphtha; xylene; isobutanol

most accurate cytotoxicity assays for measuring the toxicity
of pesticide adjuvants such as surfactants [26]. Cytotoxicity
was confirmed by the measurement of apoptosis and necrosis,
respectively, by caspases 3/7 activation [27] and adenylate
kinase leakage after membrane alterations [28]. Each AP was
tested from levels below its ADI to its solubility limit in our
system. The formulations containing adjuvants were tested at
the same levels.

2. Materials and Methods
2.1. Chemicals. The 9 Aps, glyphosate (N-phosphonomethyl
glycine, G, CAS: 1071-83-6), isoproturon (3-(4-isopropylphenyl)-1,1-dimethylurea, CAS: 34123-59-6), fluroxypyr 1methylheptyl ester (((4-Amino-3,5-dichloro-6-fluoro-2-pyridinyl)oxy)acetic acid, 1-methylheptyl ester, CAS: 81406-373), acetamiprid (N-[(6-chloro-3-pyridyl) methyl]-N -cyanoN-methyl-acetamidine, CAS: 135410-20-7), imidacloprid
(1-((6-chloro-3-pyridinyl)methyl)-4,5-dihydro-N-nitro-1Himidazol-2-amine, CAS: 105827-78-9), pirimicarb (2-dimethylamino-5,6-dimethyl-4-pyrimidinyl dimethylcarbamate,
CAS: 23103-98-2), prochloraz (N-propyl-N-(2,4,6-trichlorophenoxy) ethyl-imidazole-1-carboxamide, CAS: 67747-09-5),
epoxiconazole (1-{[3-(2-Chlorophenyl)-2-(4-fluorophenyl)2-oxiranyl]methyl}-1H-1,2,4-triazole, CAS: 135319-73-2),
tebuconazole (1-(4-Chlorophenyl)-4,4-dimethyl-3-(1,2,4-triazole-1-ylmethyl)pentane-3-ol, CAS: 107534-96-3), and 3-(4,
5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT), as well as all other compounds, unless otherwise noted, were obtained from Sigma-Aldrich. Formulations were
available on the market: Roundup GT+ (approval 2020448),
Matin EL (2020328), Starane 200 (8400600), Pirimor G
(7500569), Confidor (9200543), Polysect Ultra SL (2080018),
Maronee (2000420), Opus (9200018), and Eyetak (9400555).
MTT was prepared as a 5 mg/mL stock solution in phosphatebuffered saline, filtered through a 0.22 𝜇m filter before use,
and diluted to 1 mg/mL in a serum-free medium.
2.2. Cell Lines and Treatments. The human embryonic kidney 293 cell line (HEK 293, ECACC 85120602) was provided by Sigma-Aldrich (Saint-Quentin Fallavier, France).
The hepatoma cell line HepG2 was provided by ECACC
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(85011430). JEG3 cell line (ECACC 92120308) was provided
by CERDIC (Sophia-Antipolis, France). Cells were grown
in phenol red-free EMEM (Abcys, Paris, France) containing
2 mM glutamine, 1% nonessential amino acid, 100 U/mL
of antibiotics (a mixture of penicillin, streptomycin, and
fungizone) (Lonza, Saint Beauzire, France), 10 mg/mL of
liquid kanamycin (Dominique Dutscher, Brumath, France),
and 10% Fetal Bovine Serum (PAA, les Mureaux, France).
JEG3 cells were supplemented with 1 mM sodium pyruvate.
Cells were grown with this medium at 37∘ C (5% CO2 , 95%
air) during 48 h to 80% confluence, then washed, and exposed
24 h with serum-free EMEM to the APs or the formulations.
Before treatment, all the pesticides were solubilized in a 100%
DMSO solution, then diluted in serum-free medium to reach
0.5% DMSO (which had been previously proven not to be
cytotoxic for the cells), and adjusted to a similar pH. This
model was validated [29] and cytotoxic effects were similar
in presence of serum but delayed by 48 h.
2.3. Cytotoxicity Measurement. After treatments, succinate
dehydrogenase (SD) activity assay (MTT) [30] was applied as
described previously [25]. Integrity of mitochondrial dehydrogenase enzymes indirectly reflects the cellular mitochondrial respiration. The optical density was measured at 570 nm
using a Mithras LB 940 luminometer (Berthold, Thoiry,
France). The bioluminescent ToxiLight bioassay (Lonza, Saint
Beauzire, France) was applied for the membrane degradation
assessment, by the intracellular adenylate kinase (AK) release
in the medium; this is described as a necrosis marker [28].
Finally, the apoptotic cell death was evaluated with the
Caspase-Glo 3/7 assay (Promega, Paris, France). Luminescence was measured using a Mithras LB 940 luminometer
(Berthold, Thoiry, France). These methods were previously
described [25].
2.4. Statistical Analysis. The experiments were repeated at
least 3 times in different weeks on 3 independent cultures
(𝑛 = 9). All data were presented as the means ± standard
errors (SEMs). LC50 values were the best-fitted value of a
nonlinear regression using sigmoid (5-parameter) equation
with the GraphPad Prism 5 software. The differential effects
between APs and formulations are measured by the surfaces
between the curves by the calculation of integrals with ImageJ
software [31]. Statistical differences of necrosis and apoptosis
assays were calculated by a nonparametric Mann-Whitney
test with the GraphPad Prism 5 software.

3. Results
All formulations were cytotoxic and far more toxic than
their APs, except for isoproturon and its formulated pesticide
Matin which were both not soluble over 100 ppm. As a matter
of fact, Matin does not have any declared adjuvant (Table 1).
On human cells, among the tested products, fungicides were
the most toxic (Figure 1), being cytotoxic from doses 300–
600 times lower than agricultural dilutions, followed by
herbicides (Figure 2) (except Matin) and then insecticides
(Figure 3). JEG3 was the most sensitive cell line, the LC50

3
being on average, respectively, 7% and 23% lower than
for HEK293 and HepG2, the least sensitive. The LC50 is
calculated over 24 h. In all cell types, fungicides were the
most toxic (mean LC50 12 ppm). They were followed by the
herbicide Roundup (LC50 63 ppm), twice as toxic as Starane,
and more than 10 times as toxic as the 3 insecticides, which
represent the less toxic group (mean LC50 720 ppm). The APs
of fungicides were the only APs that were toxic alone in our
system, from 50 ppm in JEG3 for prochloraz, but they were
still less toxic than their formulations.
In fact, 8 formulations out of 9 were clearly on average
several hundred times more toxic than their APs, ranging
from 2-3 times more toxic for pirimicarb or prochloraz to
1056 times more toxic for tebuconazole. Results were similar
for all cell types.
This was even better understood by the differential measurement of the cytotoxicity through membrane disruption
(Figure 4) or caspases activation (Figure 5). For the three
cell lines, membrane disruptions are comparable. Most of
the pesticides were necrotic and more necrotic than their
APs except for Eyetak whose active principle prochloraz is
the main toxicant of the formulation. We have not obtained
relevant results with Pirimor because a green dye in the
formulated product prevents the lecture of luminescence.
Differential effects on apoptosis (Figure 5) were less obvious.
With the formulated herbicides and insecticides, apoptosis
levels are mostly decreased because of the prevailing effects
of necrosis. This is not the case with fungicides which are
apoptotic depending on the cell line. JEG3 cell lines are the
most sensitive to apoptosis, in particular with fluroxypyr,
pirimicarb, tebuconazole, and prochloraz. Overall, adjuvants
in pesticides are thus far from inerts but cell membrane
disruptors and induce in addition mitochondrial alterations.

4. Discussion
This is the first time that all these formulated pesticides
have been tested on human cells well below agricultural
dilutions. The three different cell types reacted very similarly
and the toxicities were observed on several biomarkers; this
confirmed our results. Moreover, these are very consistent
with several studies on cell lines [1, 25], where placental JEG3
cells were found to be the most sensitive. In this study [1],
adjuvants were also more cytotoxic through the disruption
of membrane and mitochondrial respiration than from an
activation of apoptotic pathways. Primary cells are in some
case up to 100 times more sensitive, for instance, neonate
umbilical cord vein cells [25]. We also study here short
exposures (24 h), but we have previously demonstrated a
time-amplifying effect: the differential toxicity between the
AP glyphosate and Roundup is increased by 5 times in 72 h
[29]. It appears that, with cell lines and short exposures, we
underestimate by far the direct toxicity of the products in the
long term. In this case in vivo, the metabolism may reduce
the toxic effect, but this can be compensated or amplified by
bioaccumulation and/or the combined effect of the AP with
adjuvants. For instance, in this experiment, after 24 h, 63 ppm
of Roundup was found to be toxic to cells, but in our previous
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Figure 1: Differential cytotoxic effects between formulations of herbicides and their active principles (APs) on HepG2, HEK293, and JEG3
human cell lines. Effects on the mitochondrial succinate dehydrogenase (SD) activity, reflecting cell respiration inhibition, were measured
in percentage of control in serum-free medium after 24 h of exposure. The concentrations in ppm are dilutions of each AP (dotted line) and
their equivalent in formulation with adjuvants (solid line). All formulations are more toxic than their APs, except for isoproturon. SEMs are
shown in all instances (𝑛 = 9).

experiment, after two years in rats, only 0.1 ppb of Roundup
was found to be sufficient to provoke pathologies [2].
Adjuvants in pesticides are generally declared as inerts,
and for this reason they are not tested in long-term regulatory
experiments. It is thus very surprising that they amplify
up to 1000 times the toxicity of their APs in 100% of the
cases where they are indicated to be present by the manufacturer (Table 1). In fact, the differential toxicity between
formulations of pesticides and their APs now appears to be
a general feature of pesticides toxicology. As we have seen,
the role of adjuvants is to increase AP solubility and to
protect it from degradation, increasing its half-life, helping
cell penetration, and thus enhancing its pesticidal activity
[32] and consequently side effects. They can even add their
own toxicity [1]. The definition of adjuvants as “inerts” is thus
nonsense; even if the US Environmental Protection Agency
has recently changed the appellation for “other ingredients,”
pesticide adjuvants should be considered as toxic “active”
compounds.
In the scientific literature, in contrast with regulatory
beliefs, some harmful effects of the adjuvants present in this
study are reported. In the formulations (Table 1) Starane 200,
Opus, and Eyetak, the adjuvants include solvent naphtha (a
petroleum distillate), which is known to have developmental
effects in rodents [33]. Xylene (in Eyetak) has long been
associated with cardiac and central nervous system diseases

in humans [34]. 1-Methyl-2-pyrrolidinone (in Confidor) is
a developmental toxicant and caused malformations, incomplete ossification of skull, and decreased fetal body weights
in rats [35]. N,N-Dimethyldecanamide (Maronee adjuvant)
has been characterized as a developmental toxicant in rodents
[36] but is insufficiently studied for reproductive toxicity.
The distinction between AP and “declared inert” compounds
appears to be a regulatory assumption with no toxicological
basis, from this experiment and others. Even industry and
regulators contradict themselves in the classification of APs
and inert compounds. For example, 1,2-benzisothiazoline-3one is classed as an inert ingredient in the pesticide Polysect
in particular and as an active ingredient in cleaning products
[37].
All this does not exclude the toxicity of APs alone.
Glyphosate inserted in the aromatase active site of mammalian cells disrupts steroidogenesis [23]. Imidacloprid alters
the developing immunity in rats [38]. Fluroxypyr (ester 1methylheptyl) has never been tested in human cells before
this study but appears to be toxic from 22 ppm in formulation;
its ADI is only 0.8 ppm/day (DG SANCO, 2013). It also
appears here that prochloraz is the main toxicant of the tested
formulation.
It is commonly believed that Roundup is among the safest
pesticides. This idea is spread by manufacturers, mostly in
the reviews they promote [39, 40], which are often cited
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Figure 2: Differential cytotoxic effects between formulations of insecticides and their APs on HepG2, HEK293, and JEG3 human cell lines.
The three described human cell lines were used in the conditions of Figure 1 and the results were almost identical. All formulations (solid
line) are more toxic than their APs (dotted line); APs are slightly cytotoxic. SEMs are shown in all instances (𝑛 = 9).
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Figure 3: Differential cytotoxic effects between formulations of fungicides and their APs on HepG2, HEK293, and JEG3 human cell lines.
The three described human cell lines were used in the culture conditions of Figure 1, and the results were almost identical. All formulations
(solid line) are more cytotoxic than their APs (dotted line). Maronee is the most toxic compound tested from 1 ppm in JEG3. SEMs are shown
in all instances (𝑛 = 9).
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the culture conditions of Figure 1. We have chosen the doses at
the first differential effects measured by MTT assay. Formulations
(stripped columns, expressed in ppm of the AP) are generally
more cytotoxic than their APs (dashed columns) due to a necrotic
effect of adjuvants. SEMs are shown in all instances (𝑛 = 9). For
the comparison of each AP or formulation to the control (white
column), ∗ 𝑃 < 0.05, ∗∗ 𝑃 < 0.01, and ∗∗∗ 𝑃 < 0.001 in a
nonparametric Mann-Whitney test. # symbol is used similarly for
comparisons between APs and their formulations.
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Figure 5: Differential apoptotic effects between formulations and
their APs. The three described human cell lines were used in the
culture conditions of Figure 1. We have chosen the doses at the
first differential effects measured by MTT assay. SEMs are shown
in all instances (𝑛 = 9). For the comparison of each AP or
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# symbol is used similarly for comparisons between APs and their
formulations.
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in toxicological evaluations of glyphosate-based herbicides.
However, Roundup was found in this experiment to be
125 times more toxic than glyphosate. Moreover, despite
its reputation, Roundup was by far the most toxic among
the herbicides and insecticides tested. This inconsistency
between scientific fact and industrial claim may be attributed
to huge economic interests, which have been found to falsify
health risk assessments and delay health policy decisions [41].
In conclusion, our results challenge the relevance of the
ADI, because it is calculated today from the toxicity of the
AP alone in vivo. An “adjuvant factor” of at least a reduction
by 100 can be applied to the present calculation of the ADI if
this is confirmed by other studies in vivo. As an example, the
present ADI for glyphosate is 0.3 ppm; for glyphosate-based
herbicides it would be 3 ppb or less. However, this will never
replace the direct study of the commercial formulation with
its adjuvants in regulatory tests. Anyway, an exposure to a
single formulated pesticide must be considered as coexposure
to an active principle and the adjuvants. In addition, the study
of combinatorial effects of several APs together may be very
secondary if the toxicity of the combinations of each AP with
its adjuvants is neglected or unknown. Even if all these factors
were known and taken into account in the regulatory process,
this would not exclude an endocrine-disrupting effect below
the toxicity threshold. The chronic tests of pesticides may
not reflect relevant environmental exposures if only one
ingredient is tested alone.
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a b s t r a c t
Pesticides are always used in formulations as mixtures of an active principle with adjuvants. Glyphosate,
the active ingredient of the major pesticide in the world, is an herbicide supposed to be speciﬁc on
plant metabolism. Its adjuvants are generally considered as inert diluents. Since side effects for all these
compounds have been claimed, we studied potential active principles for toxicity on human cells for 9
glyphosate-based formulations. For this we detailed their compositions and toxicities, and as controls
we used a major adjuvant (the polyethoxylated tallowamine POE-15), glyphosate alone, and a total formulation without glyphosate. This was performed after 24 h exposures on hepatic (HepG2), embryonic
(HEK293) and placental (JEG3) cell lines. We measured mitochondrial activities, membrane degradations,
and caspases 3/7 activities. The compositions in adjuvants were analyzed by mass spectrometry. Here
we demonstrate that all formulations are more toxic than glyphosate, and we separated experimentally three groups of formulations differentially toxic according to their concentrations in ethoxylated
adjuvants. Among them, POE-15 clearly appears to be the most toxic principle against human cells,
even if others are not excluded. It begins to be active with negative dose-dependent effects on cellular
respiration and membrane integrity between 1 and 3 ppm, at environmental/occupational doses. We
demonstrate in addition that POE-15 induces necrosis when its ﬁrst micellization process occurs, by
contrast to glyphosate which is known to promote endocrine disrupting effects after entering cells. Altogether, these results challenge the establishment of guidance values such as the acceptable daily intake
of glyphosate, when these are mostly based on a long term in vivo test of glyphosate alone. Since pesticides are always used with adjuvants that could change their toxicity, the necessity to assess their whole
formulations as mixtures becomes obvious. This challenges the concept of active principle of pesticides
for non-target species.
© 2012 Published by Elsevier Ireland Ltd.

1. Introduction
Pesticide formulations are mixtures of adjuvants and so-called
“active principles” on plants for herbicides, and insects for insecticides, etc. The supposed speciﬁcity of active principles on their
targets does not mean a priori that they are the most toxic compounds of the formulations on human cells. Numerous mammalian
(Colborn et al., 1993) and other animal studies (Hawthorne and
Dively, 2011) evidenced side effects for pesticides. The toxicology of
mixtures cannot be fully understood without knowing the differential toxicity of the various compounds of the formulations and their
combined effects. Surprisingly, to measure their side effects, the

∗ Corresponding author. Tel.: +33 2 31 56 56 84; fax: +33 2 31 56 53 20.
E-mail address: criigen@unicaen.fr (G.-E. Séralini).

active principles of pesticides are generally tested alone at a regulatory level in long-term mammalian trials, although their adjuvants
are developed at least to enhance their stability and penetration
into cells. However, most of the adjuvants are classiﬁed as inert.
Here we tested the differential and combined cytotoxicity of the
major pesticides in the world which are glyphosate-based herbicides (GBH), and analyzed their composition and mechanisms of
action. The residues of the GBH such as Roundup (R) are also among
the ﬁrst contaminants of ground and surface waters (IFEN, 2006),
and of some food and feed because they are present since more
than 15 years in around two third of genetically modiﬁed (GM) cultivated edible plants, because they are designed at least to tolerate
R (James, 2011). Glyphosate (G) is toxic in plant cells by inhibition of 5-enolpyruvylshikimate-3-phosphate synthase used as a
ﬁrst step in aromatic amino acid synthesis (Boocock and Coggins,
1983). Adjuvants considered as inert include, according to the formulations, surfactants like POEAs (polyethoxylated alkylamines,

0300-483X/$ – see front matter © 2012 Published by Elsevier Ireland Ltd.
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demonstrated that these cell lines are even less sensitive than primary cells (Benachour and Seralini, 2009; L’Azou et al., 2005), and
therefore are possibly representative of a real cellular toxicity. For
cytotoxicity measurements, we assayed mitochondrial succinate
dehydrogenase (SD) activity (MTT assay), G and its formulations are
indeed known to target mitochondria (Astiz et al., 2009; Peixoto,
2005). Cytotoxicity was also characterized by the measurement of
apoptosis and necrosis, respectively by caspases 3/7 activation (Liu
et al., 2005) and adenylate kinase leakage after membrane alterations (Crouch et al., 1993).
Overall, we questioned if an active toxic principle in a target
species may be always generalized as such in a non target one, and
thus if the regulatory toxicological tests on active principles alone
are relevant.
2. Materials and methods
2.1. Chemicals

Fig. 1. Structures of glyphosate (A) and POEAs (B). Glyphosate is the N(phosphonomethyl)glycine, C3H8NO5P). Di-ethoxylates of tallowamines adjuvants
(Cm NEOn , n = x + y) such as POEA are characterized by their oxide/tallowamine ratio.
The delta of 44 ( CH2 CH2 O ) corresponded to the increment of the different
peaks observed in mass spectrometry. Length of the more abundant tallowamine
part in the adjuvant mixture corresponded to the maximal m/z of the spectrum.

Glyphosate (N-phosphonomethyl glycine, G, CAS: 1071-83-6) was purchased
from Sigma–Aldrich (Saint Quentin Fallavier, France). GBH formulations available on the market were by alphabetical order: Bayer GC (12.5% of G, 1–5% of
POE-15, homologation 05873567), Clinic EV (42% of G, 11% of POE-15, homologation 9900039), Genamin T200 (60–80% of POE-15, homologation 8500170),
Glyphogan (39–43% of G, 13–18% of POE-15, homologation 9100537), Roundup
Grand Travaux (400 g/L of G, R GT, homologation 8800425), Roundup Grand Travaux
plus (450 g/L of G, 90 g/L of ethoxylated etheralkylamine (EtO-EA), R GT+, homologation 2020448), Roundup Ultra (41.5% of G, 16% surfactant, homologation 9700259),
Roundup Bioforce (360 g/L of G, homologation 9800036), Roundup 3plus (170 g/L of
G, 8% surfactant homologation 9300241), Topglypho 360 (360 g/L of G, homologation 2000254). POE-15 (CAS: 61791-26-2) was purchased from ChemService
(West Chester, PA, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) and all other compounds, otherwise noticed, were obtained from
Sigma–Aldrich. MTT was prepared as a 5 mg/mL stock solution in phosphatebuffered saline, ﬁltered through a 0.22 m ﬁlter before use, and diluted to 1 mg/mL
in a serum-free medium.

Fig. 1), isobutane, light petroleum distillate, etc. that may induce
among other DNA damages (Cox, 2004). However G is still generally
hypothesized to be the active ingredient for non-target side effects.
Unexpected side effects of G-based formulations were evidenced
2.2. Cell lines and treatments
on non-target species, among other endocrine disruptions during
spermatogenesis or pregnancy (Beuret et al., 2005; Clair et al., 2012;
The human embryonic kidney 293 cell line (HEK 293, ECACC 85120602), was
Dallegrave et al., 2007; Daruich et al., 2001; Oliveira et al., 2007;
provided by Sigma–Aldrich (Saint-Quentin Fallavier, France). The hepatoma cell line
Romano et al., 2011; Savitz et al., 1997; Yousef et al., 1995). This may
HepG2 was provided by ECACC (85011430). JEG3 cell line (ECACC 92120308) was
provided by CERDIC (Sophia-Antipolis, France). Cells were grown in phenol red-free
be related to adjuvants in formulation. They are indeed more and
EMEM (Abcys, Paris, France) containing 2 mM glutamine, 1% non-essential amino
more considered as responsible for GBH toxicity (Mesnage et al.,
acid, 100 U/mL of antibiotics (a mixture of penicillin, streptomycin and fungizone)
2010; Williams et al., 2012), but the mechanistic and the nature of
(Lonza, Saint Beauzire, France), 10 mg/mL of liquid kanamycin (Dominique Dutscher,
the cytotoxic agent(s) on human cells are still unknown. This is a
Brumath, France) and 10% Fetal Bovine Serum (PAA, les Mureaux, France). JEG3
general question that can arise for all pesticides.
cells were supplemented with 1 mM sodium pyruvate. Cells were grown with this
medium at 37 ◦ C (5% CO2 , 95% air) during 48 h to 80% conﬂuence, and then washed
The detailed known composition indicate that major adjuand exposed 24 h with serum-free EMEM to various chemicals. This model was
vants are ethoxylated, such as POEAs which are themselves
validated (Benachour et al., 2007) since cytotoxic effects were similar in presence
mixtures of di-ethoxylates of tallowamines characterized by their
of serum but delayed by 48 h. The dilutions of formulated herbicides, adjuvants
oxide/tallowamine ratio. POEA commonly used in GBH is the
and G alone were prepared in serum free medium as stock solutions at a similar
pH.
POE (15) tallowamine (POE-15). We thus compared the toxicity and the composition of 9 formulations varying in adjuvants
2.3. Cytotoxicity biomarkers
contents: Roundup Ultra, Roundup GT, Roundup GT+, Roundup
Bioforce, Roundup 3plus, Glyphogan, Topglypho 360, Clinic E.V.,
After treatments, the following tests were applied: succinate dehydrogenase
and Bayer GC. For controls, we tested a formulation contain(SD) activity assay (MTT) (Mosmann, 1983). Integrity of mitochondrial dehydrogenase enzymes indirectly reﬂects the cellular mitochondrial respiration. The optical
ing POE-15 without G (Genamin T200), and POE-15 alone. The
density was measured at 570 nm using a Mithras LB 940 luminometer (Berthold,
compositional analysis of these products was performed by a nonThoiry, France). The bioluminescent ToxiLight bioassay (Lonza, Saint Beauzire,
quantitative mass spectrometry (MALDI-TOF MS/MS), considered
France) was applied for the membrane degradation assessment, by the intracelas the best way to analyze pesticides formulations (Corbera et al.,
lular adenylate kinase (AK) release in the medium; this is described as a necrosis
2010; Cserháti and Forgács, 1997). Physico-chemical properties
marker (Crouch et al., 1993). Finally, the apoptotic cell death was evaluated with
the Caspase-Glo 3/7 assay (Promega, Paris, France). Luminescence was measured
of POE-15 were approached by the measurements of its critical
using a Mithras LB 940 luminometer (Berthold, Thoiry, France). These methods were
micelle concentration (CMC), determined by absorption changes
previously described (Benachour and Seralini, 2009).
in its presence of Coomassie blue CBB R-250.
We used HEK293, JEG3 and HepG2 cell lines, three models
2.4. Mass spectrometry (MS)
where unexpected effects of GBH have already been demonstrated
MS experiments were carried out on an AB Sciex 5800 proteomics analyzer
(Benachour and Seralini, 2009; Gasnier et al., 2009). JEG3 cells are a
equipped with TOF TOF ion optics and an OptiBeamTM on-axis laser irradiation with
useful model for examining placental toxicity (Letcher et al., 1999),
1000 Hz repetition rate. The system was calibrated immediately before analysis
and HepG2 for hepatic toxicity (Urani et al., 1998). HEK293 were
with a mixture of des-Arg-Bradykinin, Angiotenin I, Glu1-Fibrinopeptide B, ACTH
chosen because of the sensitivity of embryonic cells, Roundup caus(18–39), ACTH (7–38) and mass precision was better than 50 ppm. A 0.8 L volume
ing pregnancy outcomes (Savitz et al., 1997). Moreover, we have
of the GBH solution diluted 100 times in water was mixed with 1.6 L volumes
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of solutions of ␣-cyano-4-hydroxycinnamic acid matrix prepared in 50% ACN with
0.1% TFA. The mixture was spotted on a stainless steel Opti-TOFTM 384 targets; the
droplet was allowed to evaporate before introducing the target into the mass spectrometer. Acquisitions were taken in manual and automatic modes. A laser intensity
of 3000 was typically employed for ionizing. MS spectra were acquired in the positive reﬂector mode by summarizing 1000 single spectra (5 × 200) in the mass range
from 100 to 2000 Da. MS/MS spectra were acquired in the positive MS/MS reﬂector
mode by summarizing a maximum of 2500 single spectra (10 × 250) with a laser
intensity of 3900. For the tandem MS experiments, the acceleration voltage applied
was 1 kV and air was used as the collision gas. Gas pressure medium was selected
as settings.
2.5. Critical micelle concentrations (CMC) determinations
CMC determinations were performed and adapted according to (Samsonoff et al.,
1986). CMC was measured by the incorporation of Coomassie brilliant blue R-250
(CBB-R250) in micelles formed by serial dilutions of detergents. The CCB-R250
reagent was prepared as previously described (Bradford, 1976). Varying concentrations of adjuvants were added in a volume of 1 mL, 100 L of CBB-R250 was
added to make a ﬁnal concentration of 80 g/mL. Solutions were shaken and distributed in 96 well-plates in triplicate. Absorption was then measured against a
water blank at 600 nm using a Mithras LB 940 luminometer (Berthold, Thoiry,
France). The validation of the technique was performed with triton X-100, with
a CMC of 0.15–0.20 mM (Courtney et al., 1986).

3

2.6. Statistical analysis
The experiments were repeated at least 3 times in different weeks on 3 independent cultures (n = 9). LC50 values were calculated by a nonlinear regression
using sigmoid (5-parameters) equation with the GraphPad software. All data were
presented as the means ± standard errors (SEMs). Statistical differences were determined by Student’s t-test using signiﬁcant levels with p < 0.01 (**) and p < 0.05 (*).

3. Results
Here we studied for the ﬁrst time the precise involvement of
the adjuvants and G in GBH induced toxicity, on three human cell
lines from different embryonic origins (kidney, liver, and placenta)
in order to test their speciﬁcities. We ﬁrst compared mitochondrial
respiration (SD activity) in presence of 9 formulated mixtures of G
and adjuvants, G alone, formulating agents without G (Genamin),
and a major adjuvant of some formulations, POE-15 (Fig. 2). All
chemicals are cytotoxic, inducing similar dose-dependent patterns
on HEK293, HepG2, and JEG3 in 24 h. JEG3 were up to 2-fold more
sensitive to treatments than HEK293 and HepG2 in comparison to
control. We observed for all cell lines different ranges of toxicities

Fig. 2. Dose-dependent cytotoxic effects of glyphosate-based herbicides (GBH) or glyphosate (G) and adjuvants alone (POE-15 and Genamin) on HepG2, HEK293 and JEG3
human cell lines. Effects on the mitochondrial succinate dehydrogenase (SD) activity, reﬂecting cell respiration inhibition, were measured in % of control in serum-free
medium after 24 h of exposure. The concentrations in ppm are dilutions of each mixture in the commercial formulation (considered as 100%). The adjuvants POE-15 and
Genamin alone (a mixture containing 785 g/L of POE-15, no G) were the most toxic. The middle group approximately 100-fold less toxic was composed by GBH: Roundup GT,
Roundup GT+, and Clinic EV, Top Glypho 360, Glyphogan, Bayer GC. The less toxic group was formed by Roundup Ultra, Bioforce and 3plus. SEMs are shown in all instances
(n = 9).
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Fig. 3. MALDI-TOF analysis of glyphosate-based herbicides (GBH) main adjuvants.
(A) POE-15 spectrum was centered on 900m/z (increment delta 44, Fig. 1), all other
herbicides (group A, see Table 1) declaring a POEA adjuvant had the same spectrum. In addition, identiﬁcation was conﬁrmed by MS/MS fragmentation. (B) The 3
Roundup Ultra, Bioforce and 3plus contained another common adjuvant (600m/z,
delta 58). (C) Adjuvants of Roundup GT+ (500m/z, delta 44, Fig. 1) were declared
as ethoxylated etheralkylamines (EtO-EA). (D) Adjuvants of Roundup GT (300m/z,
delta 44, Fig. 1) were identiﬁed as POE-2.

allowing the classiﬁcation of the products tested as follows. The
most toxic were the adjuvants alone POE-15 (LC50 ∼ 1–2 ppm;
agricultural dilutions: 1–2% of the herbicide formulation containing adjuvants) and Genamin, themselves around 100-fold more
toxic than a middle group with the majority of formulations (6,
with among them R GT and GT+). This middle group is again
100-fold more toxic than the third one which includes R Ultra, R
Bioforce, R 3plus and ﬁnally G alone. Moreover, POE-15 diluted to
the concentration at which it is present in Clinic E.V. (a formulation
from the middle group) presented a similar toxicity than this GBH
and to the middle group in general. It thus appears to be the toxic
principle in human cells. In addition, we also demonstrate that two
formulations claiming a similar concentration of G (360 g/L) and
different adjuvants (16% of POEA or other adjuvants), Glyphogan
and R Ultra respectively, exhibited very different toxicities, 150fold stronger on average for Glyphogan on the 3 cell lines (Fig. 2).
Thus some other adjuvants appear also to have some toxicity.
To check the composition in adjuvants we studied all the formulations by MALDI-TOF MS/MS (Fig. 3). Knowing that the speciﬁcities
of MALDI-TOF ionization did not detect G but adjuvants, we separated 4 groups of adjuvants: (A) with a spectrum centered on
900m/z, POE-15 and Genamin, and those present in 4 formulations
of the middle group thus containing also POE-15, (B) those contained in the third less toxic group with a spectrum centered on

600m/z corresponding to another common adjuvant, and (C) and
(D), two other adjuvants in the formulations of the middle group,
respectively in (C) R GT+ (500m/z) and (D) R GT (300m/z). The
belonging of each product to each group was further conﬁrmed
by analysis of fragmentation spectra, giving for instance for ions
of group A: 840.6, 858.7, 884.7, 902.8m/z. All these spectra corresponded to the family of alkylamines. The POE-15 had a peak
increment of 44 (delta) like all group A (Table 1). The same delta
in C and D were characteristic of an ethoxylated chain. C was an
ethoxylated etheralkylamine, D was conﬁrmed by fragmentation to
be identical to POE-2; and a delta of 58 corresponded to another non
ethoxylated adjuvant in group B. We summarized these ﬁndings
with LC50 values (Table 1).
We then tested the linearity of the toxicity in function of G
or ethoxylated adjuvants concentrations (Fig. 4). The cytotoxicity
induced by GBH is not linear to G concentrations (R2 ∼ 0.3, Fig. 4A),
but only to the 3 ethoxylated adjuvants (R2 > 0.93, Fig. 4B), and
not to the non-ethoxylated one, and this is obtained with all cell
lines. Ethoxylated adjuvants can thus be considered as the active
principle of the toxicity of GBH in human cells.
In order to understand the mechanism of action of adjuvants,
three other experiments were performed. First, the critical micelle
concentration (CMC) of POE-15 was determined by absorption
changes of CBB R-250 (Fig. 5). The method was validated by
the measurement of the CMC of the triton X-100 (0.15–0.20 mM
(Courtney et al., 1986)). We evidenced a micellization of POE-15
beginning at 3 ppm, similarly to toxicity thresholds (Fig. 2). POE15 thus appears to be able to disrupt the cellular membranes by
micellization with the lipid bilayer around the CMC. This was even
better understood by the differential measurement of the cytotoxicity through membrane disruption or caspases activation (Fig. 6).
For the three cell lines, results are almost comparable: POE-15
and R GT+ (containing also an ethoxylated adjuvant) induced more
necrosis (Fig. 6A) by membrane alterations rather than apoptosis
(Fig. 6B), even if present. By contrast, G induced only apoptosis at
higher levels. Ethoxylated adjuvants are thus not inert at all but
cell membrane disruptors, and then induce severe mitochondrial
alterations.
4. Discussion
This study unravels the differential nature and cytotoxicity of
the main compounds from the major herbicide formulations in
the world. These formulations are conceived to enhance the pesticide activity through mixtures of adjuvants and G. The latter is the
active principle toxic in plants; in this study we checked how this

Table 1
Main spectral and toxicological characteristics of the herbicides (GBH) and adjuvants tested. Groups corresponded to spectra of adjuvants contained in products according
to Fig. 3. Contents in glyphosate and adjuvants were indicated by manufacturers (except for POE-2) and identiﬁed by MS/MS as revealed by m/z and delta measurements.
LC50 (ppm) are calculated from Fig. 2. nd: non detected; nk: not known.
Group

Products tested

Adjuvants

m/z (MS)

Delta (MS)

LC50 HepG2 (ppm)

A

Topglypho 360
Glyphogan
Clinic E.V
Bayer GC
Genamin
POE-15

Glyphosate (g/L)
360
360
360
96
0
0

15% POE-15
13–18% POE-15
11% POE-15
1–5% POE-15
60–80% POE-15
POE-15

900
900
900
900
900
900

44
44
44
44
44
44

79
59
94
333
4
2

B

R Ultra
R Bioforce
R 3plus

360
360
170

16% nk
nk
nk

600
600
600

58
58
58

11,000
6106
22,000

C

Roundup GT+

450

7.5% Eto-EA

500

44

145

D

Roundup GT
Glyphosate

POE-2
nd

300
nd

44
nd

53
nd

400
>95%

LC50 HEK293 (ppm)

LC50 JEG3 (ppm)

89
54
89
290
2
2

37
30
34
84
7
1

6395
5043
24,000

4477
3560
1200

170

115

62
19,323

32
1192
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Fig. 5. Critical Micelle Concentration (CMC) of the POE-15 determined by absorption
changes of Coomassie Brilliant Blue R-250. CBB R-250 was added to serial dilutions
of POE-15 in serum-free medium. D.O. at 600 nm was measured with a spectrophotometer. A major breakpoint was evidenced in the curve around 3 ppm, at the CMC.
SEMs are shown in all instances (n = 9).

Thus POE-15 appears to be clearly the toxic principle in human
cells. It begins to be active with negative effects on cellular respiration and membrane integrity between 1 and 3 ppm, when its
ﬁrst micellization process occurs in this work. This membrane disruption then lead to the necrotic adjuvant-linked effects observed,
amplifying the necrosis/apoptosis ratio by contrast to G at higher
levels as shown. Accordingly, it was found (Chamel and Gambonnet,
1997) that a CMC of the C18 NEO20 congener of a POEA is around
2 ppm. Its partition coefﬁcient measured at around 1.7 conﬁrmed
its lipophilic character and its ability to penetrate the cells. It is
known that ethoxylated adjuvants can insert in cells membranes,
disrupting their structure and functions as previously shown in
bacteria (Nobels et al., 2011). This is a general property of surfactants (Boeije et al., 2006). We notice that among different class
of surfactants, ethoxylated adjuvants are of the more toxic, even
potentially genotoxic (Nobels et al., 2011). Importantly, this is not
only observed in vitro because when rats are treated with G, R and
Fig. 4. Toxicity of glyphosate in formulations (A) measured by LC50, and of adjuvants
POEA, the latter was also found to be the most toxic compound
in glyphosate-based herbicides (B) on the three human cell lines described. The
(Adam et al., 1997), even in other animal models (Marc et al., 2005).
effects on the mitochondrial succinate dehydrogenase (SD) activity were measured
to calculate the LC50s (ppm) and compiled to be compared in relation to glyphosate
This was demonstrated for other pesticides (Eddleston et al., 2012).
or adjuvants concentrations. The form of the symbols is related to the cell lines
Generally, the question of the toxicity of adjuvants in pesticides is
(squares for HEK293, triangles for HepG2 and circles for JEG3). For colors, black dots
more
and more recognized (Brausch and Smith, 2007; Krogh et al.,
are ethoxylated adjuvants, white dots are others. The three described human cell
2003; Tsui and Chu, 2003).
lines were used in the conditions of Fig. 2 and the results were almost identical.
The linear correlation was not obtained (A) between glyphosate concentration and
This does not exclude cellular endocrine disruptions below
toxicity (coefﬁcient of determination is 0.36 for HEK293, 0.35 for HepG2 and 0.29
these levels that may not be due to POE-15 alone (or other ethoxyfor JEG3), but was demonstrated between the concentrations in the formulations
lated adjuvants), but that occur through glyphosate entering in
of ethoxylated adjuvants (B) and toxicity (coefﬁcient of determination is 0.94 for
aromatase active site for instance (Richard et al., 2005) or in androHEK293, 0.97 for HepG2 and 0.93 for JEG3). SEMs are represented in all instances
gen receptor which is inhibited from 0.2 ppm of G in adjuvants
(n = 9).
(Gasnier et al., 2009). It should not be forgotten that G has its
own toxicity and may also exert long term or chronic toxicity.
The active principle G alone has been evidenced to cause oxidaactive principle is differentially toxic on non-target organisms in
comparison to the so-called inert adjuvants in numerous formulative stress (Astiz et al., 2009; Cavusoglu et al., 2011), endocrine
tions.
disruption (Clair et al., 2012), or developmental effects (Marc et al.,
Here we demonstrate that all formulations are more toxic
2005). G was even recently described as a teratogen (Paganelli et al.,
than G alone on three human cell lines as previously underlined
2010). In this case we have a model of multiple combined nega(Benachour and Seralini, 2009; Richard et al., 2005). Then for the
tive effects (through different cellular metabolic endpoints) caused
ﬁrst time we separated experimentally three groups of formulaby the main pesticide mixtures, which are the formulations themtions differentially toxic according to the amount of ethoxylated
selves. This is true even if the activities of ethoxylated adjuvants on
adjuvants. The 3 less toxic formulations (like G alone) were demonendocrine disruption must be still detailed in the future.
strated to contain no ethoxylated adjuvants by mass spectrometry,
These results were obtained in vitro; cellular cultures replace
and are around 10,000 times less toxic on mitochondrial activity
whenever it is possible animal experimentation (Hartung, 2009).
than POE-15 alone, the major adjuvant. All the other formulaOur study was performed during 24 h and does not anticipate
tions were toxic proportionally to the dilutions of POE-15 or other
the elimination or the possible bioaccumulation and long term
ethoxylated adjuvants in the formulations, in a linear manner to
combined effects with other xenobiotics. R human cellular effects
some extent; in fact G does not buffer or amplify direct POE-15
indeed increased according to time (Benachour et al., 2007) and
toxicity.
radiolabeled G accumulated in cells within 48 h, suggesting a
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Fig. 6. Cytotoxic effects of control (C), glyphosate (G), POE-15 (P) and Roundup GT+ (R). Cell membrane integrity reﬂecting necrosis (A) was measured by adenylate kinase
leakage (active in the medium), and apoptosis (B) by caspases 3/7 activities, both expressed in relative units (RU) after 24 h of treatments like in Fig. 2. To understand the
mechanism of cytotoxicity, the concentrations in products were those inducing 80% of the general cytotoxicity in MTT assay. SEMs are shown in all instances (n = 12, *p < 0.05;
** p < 0.01).

whole formulations could be tested with mammals over a 2-year
bioaccumulation of low concentrations of G (Gasnier et al., 2011).
R adjuvants may also form adducts and link to DNA avoiding a
period. This implies a complete shift in the concepts underlying
direct elimination (Peluso et al., 1998).
chemical toxicology, which could come from mixtures studies.
However, our lowest thresholds of toxicities and endocrine
disruptions may be comparable to the range of environmenConﬂict of interest
tal/occupational exposures. A farmer or a gardener spraying a GBH
may be punctually exposed to 5000 ppm, and even regularly by
The authors declare that there are no conﬂicts of interest.
occupational exposure. As a matter of fact G varied from 3 to
233 ppb in farmers urine (Acquavella et al., 2004), this may be in
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Comment Letter I-Fra3

Fraser, Mary

Response 1
Comment noted on the commenter’s displeasure with the time for review and the provision of CDs to
29 public libraries. Ms. Fraser’s request for extension of time to 120 days was not granted. Two requests
for limited extensions of review time were granted to NMWD for receipt of comments on October 6, 2015,
and to CDFW for receipt of comments on October 19, 2015. The California Department of Parks and
Recreation missed the comment deadline by 14 days, and the District decided to include their brief
comments into the PEIR, The NOA stated that the PEIR was available on the District’s website, so the
public could access the document from their homes. Ms. Fraser was also given a CD at the public hearing
on September 15. A hard copy of the entire document was available at District offices for review by
appointment to facilitate its review by anyone who did not have access to a computer.
The distribution and availability of the Draft PEIR follows CEQA requirements and common practices of
providing appropriate opportunities for public review and comment. The standard 45-day review period
was extended by 5 days to allow for additional review time by interested parties on the District’s mailing
list (356 addresses). Each hard copy cost approximately $500 to produce, and the District is not obligated
to provide hard copies without charge. The District is also not required to place large, expensive display
advertisements in the newspapers. Only the legal notices are required along with posting of the NOA at
the County Clerks’ offices. The District’s mailing list was originally developed by the Marin County
Planning Department for use in notifying the public of the availability of CEQA documents. It included
81 nongovernmental organizations and special interest groups/associations.
Although Ms. Fraser states she has not had time to adequately review the entire PEIR, she did provide
seven separate written comments, participated in the group represented by the Law Offices of Stephan C.
Volker, and provided oral comments at two of the three public hearings.
The PEIR was organized to have specific chapters on ecological health (Chapter 6) and on human health
(Chapter 7) to help those who were only interested in these two subjects to focus quickly. Chapter 1 listed
the environmental topics and concerns covered under each chapter (Section 1.5 Environmental
Concerns). Most PEIR reviewers only read the Summary followed by Chapters 1 and 2 and the specific
resource chapters of concern to them. Very few people read an entire EIR (any EIR) cover to cover.

Response 2
Concerning the comment on the public hearing presentation, the District uses several biorational
formulations of mosquito larvicides that contain three bacterial active ingredients that are found in nature.
Certain formulations containing these active ingredients are labeled for use with organic crops by the
Organic Materials Review Institute and the USEPA. Examples of bacteria pathogenic to mosquitoes are
Bacillus sphaericus (Bs), the several strains of Bacillus thuringiensis israelensis (Bti), and
Saccharopolyspora spinosa. Two bacteria, Bs and Bti, produce proteins that are toxic to most mosquito
larvae, while Saccharopolyspora spinosa produces compounds known as spinosyns, which effectively
control all larval mosquitoes. Bs can reproduce in natural settings for some time following release. The Bti
materials the District applies do not contain live organisms but only spores made up of specific protein
molecules. All three bacteria are naturally occurring soil organisms that are also commercially produced for
use as mosquito larvicides. These are the only three active ingredients approved for use in controlling larval
mosquitoes when organic production is in progress.
None of the other natural or synthetic materials involved in vector control were cited in the presentation as
being consistent with organic farming. Glyphosate is a synthetic chemical and is not approved for use on
organic farms. The PEIR preparers reviewed numerous studies on glyphosate, the WHO report, and
scientific reviews of the World Health Organization (WHO) report in determining that potential use by the
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District poses a less-than-significant impact on human health. The WHO report is the result of a “panel
discussion and vote” by the International Agency for Research on Cancer (IARC) about the potential for
selected chemicals and products that have achieved some level of public interest and concern but may or
may not be supported by the data and information available. The panel is comprised of several European
scientists and government organizations reporting to the WHO (a scientifically conservative advocacy
agency) sponsored by the UN. This group is known to generally follow the “precautionary principle” that is
used by some members of the public to argue against chemical use. The precautionary principle is a
hypothesis generally rejected by the scientific community that “unless one can prove there is or can be no
adverse impacts of a substance it should be considered hazardous.” To those with scientific training, this
suggests that one must “prove a negative” which is essentially impossible in any statistical sense of a
scientific study.
In fact, the IARC has been challenged by dozens of technical experts who evaluated the process used by
the panel to list glyphosate as a probable carcinogen. It has been demonstrated that IARC rejected the
800 studies / 3,000 documents that gave glyphosate a positive safety result, basing their decision of
“probably carcinogenic” on only eight studies, of which three actually included results that were
themselves arguably insignificant. After the WHO publication listing glyphosate as a probable carcinogen,
dozens of practicing scientists in the mainstream scientific community (including European Food Safety
Administration, the German Federal Institute for Risk Assessment (BfR) and the lead author of one of the
studies used by IARC to draw their conclusions) have criticized and disputed the results of the IARC for
using a poor methodology and inadequate research. The conclusions drawn by the IARC about the
potential adverse effects of glyphosate were based on studies that are not relevant to actual, potential
exposures and on studies that were based on high exposures to petri dish cells and in vitro laboratory
conditions.
Glyphosate exposure was not associated with cancer incidence overall or with most of the cancer
subtypes studied by de Roos et al (2005). Given the widespread use of glyphosate, and the paucity of
information indicating significant and relevant causality, the nonscientific claims that glyphosate exhibits
numerous low-level or sublethal adverse effects (Seneff nd.) are insufficient to refute the weight of the
evidence that the District’s use of glyphosate would not have significant impacts. Relevant to this
conclusion is the fact that many of the publications cited as demonstrating adverse impacts from
glyphosate, particularly those suggesting sublethal adverse effects of glyphosate by Seneff et al, have
been discounted and the reports retracted after pressure from the active research community. The reports
submitted by Seneff and many of her co-authors have been retracted due to pressure from editorial
boards and practicing scientists. Some of the reports she has submitted incorrectly and unscientifically
relate correlation to causality. This method produces two general statements, for example, that cannot be
linked statistically or even practically. She has been ostracized for this approach, and some of her papers
have had to be retracted. An example of this un-scientific comparison is to relate national health data with
national pesticide use and suggest that they are clearly linked, while, in fact, there is no connection to
actual exposures. For example, the following study had to be retracted after pressure from the editors:
One of the papers that was critically reviewed and retracted is “Long term toxicity of a Roundup herbicide
and a Roundup-tolerant genetically modified maize” (Séralini et al. 2012).
To be retracted in science journals is a harsh critique of a submitted work and means that the editorial
board and a number of recognized scientists in the field have demonstrated a fatal or a series of fatal
flaws in the logic, assumptions, and conclusions. Seneff is a computer modeler who uses meta-analysis
techniques and not a practicing researcher. She fails to evaluate the risk/benefit analyses that are utilized
by USEPA and other regulators. The District’s PEIR scientists have reviewed each of the seven articles
submitted directly by Ms. Fraser.
The senior toxicologist on the consultant team who prepared the District’s PEIR, Dr. Bill Williams,
concluded that there have been no demonstrated significant adverse health effects (even for pesticide
applicators). The studies reporting potential human health effects are associated with extreme exposures
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to applicators during misuse scenarios and spills and/or working in the preparation of the commercial
products (Mink et al. 2012). These conditions and potential exposure conditions are neither typical nor
likely in the use and applications by trained District staff. All application directions include detailed
procedures to deal with a spill. Glyphosate remains a reliable and environmentally compatible product for
use in the numerous situations where control of vegetation is needed for habitat management (for vector
control or for invasive species control). Importantly, it has been demonstrated that herbicides are a
different class of chemicals than those classified as insecticides that have specific, demonstrated
autonomic effects. The media reports about the hazards of glyphosate and its several commercial
products have not been clearly associated with human health. The numerous reports about “possible”
connections to metabolic processes and subtle effects also include confounding factors that make
scientifically defensible claims impossible. Where there are reports of adverse subtle effects, they are
usually based on laboratory studies of changes to cells after immersion exposures, which are exposures
far above any possible actual human (or animal) exposure. The implication and correlation of such
exposures to actual potential exposures in humans or animals are not realistic.
USEPA continually reviews the available scientific data and other relevant information in support of the
registration of glyphosate (i.e., commercial product Roundup for weed control) and has indicated that
there are sufficient data to assess the hazards of and to make a determination on aggregate exposure for
glyphosate including exposure resulting from the tolerances established by this action. USEPA’s
assessment of exposures and risks associated with glyphosate are clearly indicated in the numerous
studies used to develop the guidance for use. Using these data, the USEPA has set maximum safe
exposure levels for both humans and animals (tolerances) of pesticide residues for crops based on the
huge number of scientific studies and complex risk assessment approaches provided in support of the
active ingredient in the products. These tolerances are hundreds of times higher than estimated toxic
values using total exposure values to pesticides (including safety levels to protect children and others who
may be vulnerable). The USDA tests crops each year to make sure they do not exceed the tolerances.
Very few pesticides are found above the tolerance levels (despite some unsubstantiated media reports).
The exposures that were used in the WHO evaluation and studies were not reasonable examples of the
exposures that might be encountered by humans. US Environmental Protection Agency (USEPA) 1993
and National Pesticide Information Center, Oregon State University 2011. There are occasionally media
reports of studies linking glyphosate to cancers of various types, but these are generally results from
cultured cells in the laboratory. Extrapolation of these very high dose laboratory studies to animals and
humans are not reliable indicators of potential adverse effects from the Program use, because they would
require direct exposure or even ingestion, neither of which is reasonably foreseeable under the Program.
See Response O-VOL-22.

Response 3
The commenter suggests that the PEIR’s information on glyphosate is inaccurate and relies on old
information. The fact that a study was done in 1993 does not make it invalid. Moreover, the body of
information for the registration of glyphosate has been submitted to the USEPA in dozens of studies, first
by the manufacturer and its university and contractor scientists. The suite of studies required for approval
include dozens and dozens of potential acute and chronic tests to detect possible effects to mammals (as
surrogates for humans as well as for wildlife), birds, invertebrates, and bees. The research test data
submitted to the USEPA is an ongoing process required for its Re-registration Eligibility Decision (RED) in
which label changes and use patterns are reviewed and updated. See also Response 2 above on EPA
continual reviews of the available studies.
The links considered in this comment are to the following studies:
> Mesnage et al., 2014, Major pesticides are more toxic to human cells than their declared active
principles, BioMed Res International Volume 2014
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> Mesnage et al, 2012, Ethoxylated adjuvants of glyphosate-based herbicides are active principles of
human cell toxicity,Toxicology 313 (2-3) 2013
> Samsel and Seneff, 2015, Glyphosate, pathways to modern diseases III: Manganese, neurological
diseases, and associated pathologies, Surg Neurol Int 6
> Stephanie Seneff Home Page with selected abstracts and references of 25
These studies are addressed above in Response 2 and do not result in a change to any of the
conclusions reached in the PEIR.

Response 4
The commenter is concerned about other ingredients combined with glyphosate that enhance the toxicity
of glyphosate. Ms. Fraser cites the following studies: Mesnage et al (2014) and selected abstracts in
PowerPoint from her Home Page (Seneff at Mit).
There are numerous pesticide products that include inert and/or chemically different additives to enhance
the spray characteristics, adhesion properties, and efficacy. Many of those products have been specially
tested for toxicity and registered with the USEPA for specific vector control purposes (National Park
Service 2016). Although some of these mixture products have been associated with increased toxicity,
numerous studies have demonstrated that the increase in toxicity may be due to a surfactant additive. In
most instances, these special formulations of pesticide products are intended to reduce the potential for
adverse effects or to specifically be used for aquatic environments, e.g. a glyphosate product, Accord,
which has been shown to be safer to aquatic wildlife than some of the other formulations of glyphosate
(Brodman et al. 2010).
All chemicals can cause adverse effects or even become be toxic at levels exceeding individual species
“tolerance” levels. However, the sensitivity and tolerance levels are determined by the USEPA and other
regulatory agencies using laboratory tests with numerous species of concern that are estimated to be
potentially exposed to an application. The results of these tests on each chemical are published in
numerous publically available USEPA documents summarizing the testing results with metrics such as
the LD50, LC50 and maximum estimated tolerance levels. For the pesticides used by the District for
vector control, these metrics are indicated in detail in Appendix B of the PEIR, with information on a
current species of interest (honeybee).
Studies submitted to, reviewed by, and accepted by the USEPA scientists in support of the registration of
glyphosate indicate that both technical and formulated glyphosate are practically nontoxic to honeybees
with a contact LD50 value greater than 100 µg/bee applied directly to the thorax with a saturated Q-tip
(Frasier and Jenkins 1972, the contract scientists for the manufacturer, who submitted the studies for
inclusion in the toxicity evaluation). This technique, designed to simulate a worst case exposure to the
bee, results in considerably greater exposure than likely under natural conditions in the environment
where applications could occur. Over the past decades, to update and support the original data submitted
by Frasier and Jenkins, several studies on glyphosate have been conducted to confirm and validate the
toxicity estimates first submitted to USEPA for registration. These studies have been submitted to the
USEPA for inclusion in the Integrated Risk Information System (IRIS, USEPA). The recent data
submissions and reports continue to support the finding that glyphosate is “relatively” nontoxic to honey
bees (Porterfield 2015; Zhu et al. 2015; Giesy et al. 2000; see also Table 6-1 in Appendix B of the PEIR).
While it has been reported that the addition of some surfactants to the base chemical glyphosate may
make the products more toxic to some biota, the primary concern is toxicity based on studies using high,
continuous exposures in laboratory tests. The exposures in the laboratory studies are clearly not
representative to realistic field conditions or exposures in field applications because the laboratory studies
involve captive test species, unable to choose uncontaminated food or habitat. Many laboratory tests are
designed and conducted to determine the ‘worst-case” exposure to a chemical and then to lower the test
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concentrations slowly until a test concentration shows no adverse effect to the test animals (USEPA
2012; Williams et al. 1994). In this way, the concentrations that produce exposures with little or no
adverse response can be documented and used to define the applications that should not be hazardous
to the animals and environment. As in all relevant laboratory toxicity studies, the exposures in laboratory
conditions are essentially 100 percent with no ability to choose areas of lessor concentrations, and use
non-representative exposures. The best available evidence indicates that glyphosate toxicity would not
occur as a result of the District’s method of use of the chemical under the Program.
See also Response O-VOL-17.

Response 5
The commenter is referring to Section 4.6.2.3 in Appendix B which was prepared in June 2013. Since
then, additional studies have been reviewed including the WHO report, which was published in 2015. The
WHO report is the result of a “panel discussion” by the International Agency for Research on Cancer
(IARC) about the potential for selected chemicals and products that have achieved some level of public
interest and concern but may or may not be supported by the data and information available. In fact, the
IARC has been challenged by dozens of technical experts who evaluated the process used by the panel
to list glyphosate as a probable carcinogen. It has been demonstrated that IARC rejected the 800 studies
/ 3,000 documents that gave glyphosate a positive safety result, basing their decision of “probably
carcinogenic” on only eight studies, of which three actually included results, which results were arguably
insignificant. See Response 2 above.
The commenter suggested that glyphosate degrades slowly and is not subject to biodegration. The
product Roundup (glyphosate active ingredient) is degraded over time by soil microbes into breakdown
products and naturally-occurring substances. Giesy et al. (2000) in field studies concluded the following:
“Field studies indicate that glyphosate typically dissipates rapidly from both simple ecosystems, such as
agricultural, and more complex ecosystems, such as forestry, regardless of the diverse edaphic [soil] and
climatic conditions.” The authors also concluded that field studies conducted in agricultural and forest
soils (13 studies, five countries, 47 different sites) indicated an average half-life of 32 days. In 2002, the
European Commission completed an assessment of fate and behavior of glyphosate in environment
(European Commission 2002). Under a wide range of climatic conditions found in the US, Canada, and
Europe, the mean half- life for glyphosate degradation in field soil was reported to be 30 days, with a
range from 1 to 130 days, while the half-life of glyphosate (the time required for half of the compound to
dissipate or degrade) varies, depending on conditions. The variability in rates of glyphosate degradation is
believed to be due to the varying microbial activity and extent of soil-binding at the different study sites
(Giesy et al. 2000).
The comment on the lawsuit against Monsanto for false advertising is not relevant to the PEIR discussion
on glyphosate products for vegetation management as part of the District’s IVMP. No further response is
required.

Response 6
The attachments provided by the commenter by email are provided following her comment include the
following seven studies:
> Anthony Samsel and Stephanie Seneff, Glyphosate’s Suppression of Cytochrome P450 Enzymes and
Amino Acid Biosynthesis by the Gut Microbiome: Pathways to Modern Diseases (Samsel and Seneff
2013a)
> Anthony Samsel and Stephanie Seneff. Glyphosate, pathways to modern diseases II: Celiac sprue
and gluten intolerance (Samsel and Seneff 2013b)
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> Anthony Samsel and Stephanie Seneff. Glyphosate, pathways to modern diseases III: Manganese,
neurological diseases, and associated pathologies (Samsel and Seneff 2015)
> Judy Hoy, Nancy Swanson, and Stephanie Seneff. The High Cost of Pesticides: Human and Animal
Diseases (Hoy et al. 2015)
> Chen I-wan, Glyphosate, Roundup, Glyphosate-Tolerance GM Soybeans, Chemical Extracted
Soybean Food Oil/Soybean Powder Cause Serious Harm to Health of American/Chinese People.
Reference Information (Chen I-wan 2014)
> Robin Mesnage, Nicolas Defarge, Joël Spiroux de Vendômois, and Gilles-Eric Séralini. Major
Pesticides Are More Toxic to Human Cells Than Their Declared Active Principles (Mesnage et al.
2014)
> R. Mesnagea, B. Bernayc, G. E. Séralini. Ethoxylated adjuvants of glyphosate-based herbicides are
active principles of human cell toxicity (Mesnage et al. 2012)
These studies provided by Mary Frasier have been reviewed for their content and applicability to
exposure to glyphosate and ethoxylated adjuvants that may be correlated with diseases and health. They
are addressed and considered for the Final PEIR as follows:
> All three Samsel et al, publications (2013a, 2013b, and 2015) are discussions of the possible impacts
of glyphosate on metabolic and gastric functions, even gluten intolerance. Although there are
extensive illustrations and graphics, the relation between the diseases listed and actual pesticide
exposures are not conclusive. The papers read like monographs covering dozens of potential adverse
impacts of glyphosate. One of the co-authors (Seneff) has had issues with the credibility of the
assumptions and conclusions in her papers, and these papers do not clearly equate the linkages to
metabolic impacts. The conclusions made cannot be easily evaluated or supported as the illustrations
all present summary data from other sources. The presentations are not relevant to the PEIR as
presented.
> Hoy et al. (2015) discusses the linkage of human and wildlife health and pesticide use in Montana,
suggesting a relationship to glyphosate. The focus on diseases at the state level vs pesticide uses at
the state level does not provide an adequate link to a causal correlation. The presentations are not
relevant to the PEIR as presented.
> Mesnagea et al. (2012 and 2014), both discuss possible linkage of glyphosate products and
ethoxylated adjuvants in the onset of sublethal or chronic adverse effects. They provide information on
all three classes of pesticides: herbicides, fungicides, and insecticides. The papers contain summaries
of possible impacts of these pesticides and focus on the formulations rather than the active ingredient
of each pesticide. The information is interesting and organized, but the information is not specific or
relevant to the PEIR.
> Chen I-wan (2014) is an extensive discussion of cancer incidence in several areas of China that the
author suggests are linked to food products. He provides extensive and comprehensive details of the
demographics of cancer incidence in China. The report provides a level of information generally
attributed to a monograph about the cancers in China. The information is interesting and impressive,
but the information is not relevant to the PEIR.

Response 7
The commenter asks that glyphosate not be used and that no chemicals be used; she supports the No
Chemical Program. This comment will be considered by the District’s Board of Trustees in its
consideration whether to approve the Program as proposed, or with modifications.
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Comment Letter I-Fra4

Fraser, Mary

Response 1
The commenter asks that no chemicals be used; she supports the No Chemical Program. This comment
will be considered by the District’s Board of Trustees in its consideration whether to approve the Program
as proposed, or with modifications.

Response 2
The commenter provides a speech to the Marin County Board of Supervisors that is against the use of
various pesticides followed by lists of places where glyphosate or other pesticides are restricted.
The Draft PEIR listed the communities in the Program Area that had adopted IPM policies or restrictions
on pesticide use in Section 3.1.3.3. Several of these local policies and ordinances are applicable only to
government (city-owned) property and have exceptions for protection of public health. As stated in this
section:
“Typically, policies and programs related directly to pesticide use are outside the purview of
local planning and zoning regulation. However, some cities and counties have enacted
regulations on pesticide use as part of their municipal code. Local governing bodies may
pass ordinances that regulate or restrict pesticide use in their own operations. However,
these restrictions do not apply to state operations and would not be applicable to
treatments the District proposes under the Program because California state law preempts
local regulation and restriction of pesticide use. The District is a regulatory agency formed
pursuant to California Health and Safety Code Section 2000 et seq. State law charges the
District with the authority and responsibility to take all necessary or proper steps for the
control of mosquitoes and other vectors in the District (see Section 1.1.3).” (page 3-4)
See the transcript from the public hearing held in Santa Rosa, California, on September 17, 2015
(T-Santa Rosa) for additional comments related to the other locations with regulations on pesticide use.
Regulations in other cities and countries on pesticide use are outside the scope of the District’s PEIR.
For additional responses to comments on glyphosate, please see responses to comments I-Fra3.
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Comment Letter I-Fra5

Fraser, Mary

Response 1
The Pesticide Action Network (PAN) Report covers a long list of pesticides used in agriculture and at
home with the thesis that these chemicals are undermining the health of children. The great majority of
the products mentioned are not in use or proposed for use by the District, and there is no way to compare
the broad generalizations of harm to human health, including endocrine disruption, with the very specific
use of pesticides and herbicides for vector control in outdoor environments.
Throughout the brochure, the PAN provides narratives and graphics illustrating numerous diseases in
adults and children. The approach by PAN strongly suggests that chemical exposures are the cause of
nearly every disease and condition. The comparisons are all based on nonspecific correlations that are
not scientifically defensible. The brochure’s use of national annual chemical use data and the comparison
it provides with national data on diseases and adverse health effects, provides no defensible causality.
When the arguments provided in the brochure suggest that national or even regional chemical use can be
used to indicate causality to so many diverse diseases, they lose scientific credibility. The comparisons
might also relate to hundreds of other genetic and environmental factors. This approach to developing
correlation is fatally flawed.
Furthermore, the fatal flaws in the illustrations and correlations provided in this brochure include several
correlations that are not supported by the accompanying data. Correlation is not causation. Causation can
only be claimed if credible and reproducible data have been developed showing a direct link to
documented exposures at the individual level. The claims in the brochure do not show direct correlation
and, therefore, cannot be verified.
The materials proposed for use in the District’s program are subjected to rigorous initial and ongoing
testing and scrutiny for safety by both the US Environmental Protection Agency and the California
Department of Pesticide Regulation.
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Comment Letter I-Fra6

Fraser, Mary

Response 1
These emails were received and have been addressed as responses to comments I-Fra1 through I-Fra4.
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Comment Letter I-Fra7

Fraser, Mary

Response 1
The article is “Potential pathways of pesticide action on erectile function – A contributory factor in male
infertility.” 2015. RP Kaur, V Gupta, AF Christopher, P Bansal, Baba Farid Univ of Health Sciences
Faridkot, India.
The authors submit an extensive summary of their suggestion that erectile dysfunction is an important
contributor to infertility. They proceed to correlate what they describe as the “indiscriminant use of
pesticides” with infertility and then narrow their hypothesis to a few chemicals associated with pesticides.
The paper provides an exhaustive discussion of the possible causes of infertility with numerous examples
of the dozens of ways that fertility may be impacted. The list of factors cited that “may” contribute to
infertility is focused on erectile dysfunction (and not fertility). The authors inadvertently make a strong
case for the impact of dozens of direct and indirect “confounding factors” on fertility.
Although the paper outlines more than a dozen physiologic and metabolic processes that may be involved
in fertility, they inappropriately attempt to link “possible” causality to dozens of the processes discussed in
their article. They fail to provide any substantive support to the secondary and tertiary links to pesticides.
In fact, the authors fail to provide defensible arguments to primary exposures to pesticide or the links to
the dozen mechanisms and processes they discuss. Throughout the paper they use words such as
“infer”, “suggests”, “possible”, “quite likely” and numerous other unsubstantiated terms that fail to link their
hypothesis to direct or confirmed pesticide exposure. After five pages of discussion, the authors state as
their summary that “the review successfully highlights the indiscriminate regional use of pesticides” which
does not link causality to their hypothesis. As a result, it is doubtful that this paper would be accepted for
publication in the USA. Moreover, the active ingredients cited in the paper are not proposed for use in the
District’s Integrated Vector Management Program (IVMP).
Furthermore, it should be noted that the District’s IVMP represents a tiered, carefully considered and
focused approach to the surveillance and control of vector species, not the “indiscriminate regional use of
pesticides.”

4-370 Individual Comments and Responses

MSMVCD

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

Integrated Vector Management Program │ Programmatic EIR

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

MSMVCD

Individual Comments and Responses 4-371

Integrated Vector Management Program │ Programmatic EIR

4-372 Individual Comments and Responses

MSMVCD

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

Integrated Vector Management Program │ Programmatic EIR

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

MSMVCD

Individual Comments and Responses 4-373

Integrated Vector Management Program │ Programmatic EIR

4-374 Individual Comments and Responses

MSMVCD

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

Integrated Vector Management Program │ Programmatic EIR

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

MSMVCD

Individual Comments and Responses 4-375

Integrated Vector Management Program │ Programmatic EIR

4-376 Individual Comments and Responses

MSMVCD

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

Integrated Vector Management Program │ Programmatic EIR

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

MSMVCD

Individual Comments and Responses 4-377

Integrated Vector Management Program │ Programmatic EIR

4-378 Individual Comments and Responses

MSMVCD

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

Integrated Vector Management Program │ Programmatic EIR

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

MSMVCD

Individual Comments and Responses 4-379

Integrated Vector Management Program │ Programmatic EIR

4-380 Individual Comments and Responses

MSMVCD

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

Integrated Vector Management Program │ Programmatic EIR

June 2016, Final PEIR
MSMVCD FPEIR_JUN2016_CH4_Individuals.docx

MSMVCD

Individual Comments and Responses 4-381

Integrated Vector Management Program │ Programmatic EIR

Comment Materials I-Fra8

Fraser, Mary

Response 1
The commenter provided a list of documents and an index by email but did not explain how they relate to
the PEIR analysis. Therefore, no response can be provided or is required.
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Comment Letter I-Joh

Johnson, Dale

Response 1
For many years, the District has cooperated closely with organic growers and businesses throughout the
Service Area. As a result, no adverse consequences to organic agriculture have been reported. As part
of the Proposed Program, the District will continue its consultation and cooperation with organic growers
and businesses. Vector control materials certified and labeled for organic use will be used as appropriate
in conjunction with organic operations and accompanying organic operation plans.
The District uses several biorational formulations of mosquito larvicides that contain three bacterial active
ingredients that are found in nature. Certain formulations containing these active ingredients are labeled
for use with organic crops by the Organic Materials Review Institute and the US EPA. Examples of
bacteria pathogenic to mosquitoes are Bacillus sphaericus (Bs), the several strains of Bacillus
thuringiensis israelensis (Bti), and Saccharopolyspora spinosa. Two bacteria, Bs and Bti, produce
proteins that are toxic to most mosquito larvae, while Saccharopolyspora spinosa produces compounds
known as spinosyns, which effectively control all larval mosquitoes. Bs can reproduce in natural settings
for some time following release. The Bti materials the District applies do not contain live organisms but
only spores made up of specific protein molecules. All three bacteria are naturally occurring soil
organisms that are also commercially produced for use as mosquito larvicides. These are the only three
active ingredients approved for use in controlling larval mosquitoes when organic production is in
progress.
One adult mosquito control product used by the District (Merus™ 2.0) is approved (by OMRI and the
USDA National Organics Program) for use in conjunction with organic operations.
With respect to the issue raised by the commenter about chemical treatments for vector control in West
Marin, the District operates under the terms of an agreement with a group known as the West Marin
Mosquito Council (WMMC). The most recent version of the Agreement was approved by the District and
WMMC in May 2016. The Agreement recognizes that the District may apply all the bacterial products
discussed above, plus certain non-organic products, namely Agnique MMF, S-methoprene, and mosquito
larvicide oils such as CoCoBear™.
As discussed initially in the PEIR Program Description (Section 2.3.5.1.1), Agnique MMF is a very thinly
applied (monomolecular) film product that acts as a larvicide and pupicide. Similarly, mosquito larvicide
oils such as CoCoBear™ are applied as larvicides and pupicides where needed and appropriate. The
WMMC Agreement also permits the use of s-methoprene, a mosquito growth regulator discussed in the
PEIR Section 2.3.5.1.1. In the geographical region referred to by the commenter (West Marin), smethoprene is applied only when necessary to Onsite Wastewater Treatment Systems (OWTS), also
known as septic systems, to control larval mosquitoes. Under the District’s policies and practices,
Agnique, s-methoprene and larvicide oils are always used judiciously and in such a manner as not to
interfere in any way with organic agriculture or production.
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Comment Letter I-Leg

Legacy, Dan

Response 1
With respect to the issue raised by the commenter about chemical treatments for vector control in West
Marin, the District operates under the terms of an agreement with a group known as the West Marin
Mosquito Council (WMMC). The most recent version of the Agreement was approved by the District and
WMMC in May 2016. The Agreement recognizes that the District may apply all the bacterial products
discussed above, plus certain non-organic products, namely Agnique MMF, S-methoprene, and mosquito
larvicide oils such as CoCoBear.
As discussed initially in the PEIR Program Description (Section 2.3.5.1.1), Agnique MMF is a very thinly
applied (monomolecular) film product that acts as a larvicide and pupicide. Similarly, mosquito larvicide
oils such as CoCoBear are applied as larvicides and pupicides where needed and appropriate. The
WMMC Agreement also permits the use of s-methoprene, a mosquito growth regulator discussed in the
PEIR Section 2.3.5.1.1. In the geographical region referred to by the commenter (West Marin), smethoprene is applied only when necessary to Onsite Wastewater Treatment Systems (OWTS), also
known as septic systems, to control larval mosquitoes. Under the District’s policies and practices,
Agnique, s-methoprene and larvicide oils are always used judiciously and in such a manner as not to
interfere in any way with organic agriculture or production.
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Comment Letter I-Per

Peri, Michael

Response 1
The District uses several biorational formulations of mosquito larvicides that contain three bacterial active
ingredients that are found in nature. Certain formulations containing these active ingredients are labeled for
use with organic crops by the Organic Materials Review Institute and the US EPA. Examples of bacteria
pathogenic to mosquitoes are Bacillus sphaericus (Bs), the several strains of Bacillus thuringiensis
israelensis (Bti), and Saccharopolyspora spinosa. Two bacteria, Bs and Bti, produce proteins that are toxic
to most mosquito larvae, while Saccharopolyspora spinosa produces compounds known as spinosyns,
which effectively control all larval mosquitoes. Bs can reproduce in natural settings for some time following
release. The Bti materials the District applies do not contain live organisms but only spores made up of
specific protein molecules. All three bacteria are naturally occurring soil organisms that are also
commercially produced for use as mosquito larvicides. These are the only three active ingredients approved
for use in controlling larval mosquitoes when organic production is in progress.
One adult mosquito control product used by the District (Merus 2.0) is approved (by OMRI and the USDA
National Organics Program) for use in conjunction with organic operations.
With respect to the issue raised by the commenter about chemical treatments for vector control in West
Marin, the District operates under the terms of an agreement with a group known as the West Marin
Mosquito Council (WMMC). The most recent version of the Agreement was approved by the District and
WMMC in May 2016. The Agreement recognizes that the District may apply all the bacterial products
discussed above, plus certain non-organic products, namely Agnique MMF, S-methoprene, and mosquito
larvicide oils such as CoCoBear.
As discussed initially in the PEIR Program Description (Section 2.3.5.1.1), Agnique MMF is a very thinly
applied (monomolecular) film product that acts as a larvicide and pupicide. Similarly, mosquito larvicide
oils such as CoCoBear are applied as larvicides and pupicides where needed and appropriate. The
WMMC Agreement also permits the use of s-methoprene, a mosquito growth regulator discussed in the
PEIR Section 2.3.5.1.1. In the geographical region referred to by the commenter (West Marin),
s-methoprene is applied only when necessary to Onsite Wastewater Treatment Systems (OWTS), also
known as septic systems, to control larval mosquitoes. Under the District’s policies and practices,
Agnique, s-methoprene and larvicide oils are always used judiciously and in such a manner as not to
interfere in any way with organic agriculture or production.
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Comment Letter I-Spe

Speh, Suzanne

Response 1
The commenter notes that she observed high numbers of mosquitoes and aggressive biting during 2014.
She also complains of the partial loss of enjoyment of her property and of the pain caused by multiple
bites when outdoors. She suggests that the mosquitoes may be originating from the former pasture land
that was converted to wetlands as part of the Giacomini Wetland Restoration Project. The commenter
notes that the mosquito populations were lower during the subsequent year (2015).
The commenter’s assertions are supported by the observations of District staff during this timeframe and
data generated by the District’s mosquito surveillance program. It should be noted that the land in
question is under the jurisdiction of the National Park Service, specifically the Point Reyes National
Seashore. The commenter includes a letter that she sent to the Superintendent of the National Seashore,
complaining about the problem. During this 2014 period, District staff also received telephone calls and
service requests from other residents of this area.
Although the District periodically conducts surveillance for mosquito species and abundance under a
Scientific Collecting Permit, the District is not authorized to conduct mosquito control operations on these
federal lands. However, during the design phase of the wetland restoration project, District staff provided
technical advice intended to minimize the potential for production of mosquito species (physical control –
source reduction measures) referenced by the commenter and collected in the District’s mosquito traps.
As the commenter notes, the Point Reyes National Seashore, which employs biologists, is responsible for
control of mosquitoes on its property. Although the District enjoys a cooperative working relationship with
Seashore staff, it lacks the authority to take direct action to reduce mosquito populations. Annual and
seasonal fluctuations in mosquito breeding and populations are normal for the type of wetland, where the
potential for mosquito production is high.
During 2014, at the request of the US Fish and Wildlife Service, a District staff member traveled to
Bandon, Oregon, to provide technical advice in the case of a newly restored wetland that produced salt
marsh mosquitoes (e.g., Aedes dorsalis) in extremely high numbers. This type of mosquito can travel up
to 20 miles to find a blood meal, and the situation became so dire that the nearby town was featured on
the national news for several weeks until the problem was remedied. The Bandon Marsh problem was
described in the PEIR in Section 15.4.2 No Chemical Control Program as an example of what can happen
when there is no chemical control in a habitat restoration area adjacent to urban development.
The commenter requests that the District not refrain from the use of chemical means to reduce what she
cites as excessive mosquito populations. It should be noted that in the locality described by the
commenter, due to the jurisdictional issue described above, the District is unable to apply all the
components of its full Integrated Vector Management Program, particularly chemical means of mosquito
control, on National Park Service lands.
However, the District will provide mosquito surveillance and control in relation to private and public
properties in the Inverness area and respond to service requests. The District also attempts to assist
residents and visitors to this area and encourage mosquito source reduction through the education and
outreach components of the IVMP. This is accomplished via the distribution of brochures, fact sheets,
newsletters, participation in local events and fairs, presentations to community organizations, newspaper
and radio advertising, public service announcements, social media postings, District website postings,
and contact with District staff in response to service requests.
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