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The Effects of Insecticides

and Herbicides on Health

* 100,000 new chemical compounds have been
synthesized and released into our environment
over the past 1 %2 centuries

e Far less than 1% have ever been tested for their
effects on humans or other animals

* We know from the scientific literature that the
effects of many toxins are multiplicative

1+1+1=#3
It may be 1,000,000!



The Effects of Insecticides

and Herbicides on Health

Dr. Frederick vom Saal and his group at University of
Missouri Endocrine Disruptors Group reviewed 700
studies revealing that the molecular action of the
plasticizer bis Phenol-A is “essentially identical” in
humans and animals.

“It is through these cell membrane receptors that
doses below a part per trillion in cell culture can
activate changes in cells.”

Reproductive Toxicology (July 27, 2007)



The Effects of Insecticides

and Herbicides on Health

What is a “part per trillion”?

1 part per thousand == 1 drop in a shot glass

1 part per million == 1 drop in a 12 gallon fish tank
1 part per billion == 1 drop in 3 milk tanker trucks

1 part per trillion == 1 drop in 20 Olympic pools
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1 Olympic pool holds 660,430 gallons



The Effects of Insecticides

and Herbicides on Health

Drs. Phillippe Grandjean and Philip Ladrigen -
Neurotoxicologists

* There is a “silent epidemic” of brain diseases in children as a
result of metals and chemicals contaminating our
environment which represents an “uncontrolled
experiment” on developing brains.

e Since 1950, the number of people with IQ’s over 130 has
been cut in half as a result of this poisoning.

* Modern males are only “1/3 to 4” of men of a century ago
in respect to their sperm counts as a result of this massive

intoxication. )/}\i



Sources of Toxic Chemicals

Insecticides

Weed killers

Solvents

Cleaning agents

Soap

Plastics

Carpets, drapes, clothes
Germicides

Packaging materials
Drugs

Plants

Food

Water

Air

Industry
Rodenticides
Fungicides



Lecture Overview

Pesticides and Herbicides

- Organophosphates

- Pyrethrins

- 2,4-Dichlorophenoxyacetic acid (2, 4-D)
- Glyphosate



Organophosphate

* Ester of phosphoric acid

* Basis of most insecticides, herbicides,
and nerve agents




Metabolism into DMP
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Organophosphates (74) with

Dimethylphosphate (DMP) Metabolite

* Methyl azinphos * Methidathion

* Methyl chlorpyrifos * Methyl parathion

* Dichlorvos * Naled

* Dicrotophos * Methyl oxydemeton
* Dimethoate * Phosmet

* Fenitrothion * Methyl pirimiphos
* Fenthion * Temephos

* Methyl isazaphos * Tetachlorvinphos

* Malathion * Trichlorfon



Organophosphates

“Absorbed through the lungs or skin or by eating them on food.

Even at relatively low levels, organophosphates may be

hazardous to human health.”

[1] “Organophosphates FAQs”. Centers for Disease Control and Prevention. DHHS Department of Health and
Human Services. Retrieved 6 February 2016.

“The pesticides act on Acetylcholinesterase, an enzyme found in
the brain chemicals closely related to those involved in ADHD,
fetuses and young children, where brain development depends
on a strict sequence of biological events, may be most at
risk.[2][3]”

[2] Jurewicz, Joanna; Hanke, Woijciech (9 Jul 2008). “Prenatal and Childhood Exposure to Pesticides and
Neurobehavioral Development: Review of Epidemiological Studies”. International Journal of Occupational
Medicine and Environmental Health (Versita, Warsaw) 21 (2): 121- 132. PMID 18614459.

[3] “Study: ADHD linked to pesticide exposure”. CNN. 17 May 2010.



Organophosphates

“The United States Environmental Protection Agency
lists parathion as a possible human carcinogen.[4]”

[4] “Parathion (CASRN 56-38-2)". IRIS Summaries. U.S. EPA. 9 Aug 2012.

“Occupational organophosphate exposure is
associated with an increased risk of Alzheimer's
disease.[5]”

[5] Hayden, K. et al. For the Cache County Study Investigators (2010). “Occupational exposure to
pesticides increases the risk of incident AD: the Cache County study”. Neurology 74 (19): 1524-1530



Exposure to Organophosphates Causes

Chronic lliness

TOXICOLOGICAL SCIENCES 72, 267-271 (2003)
DOI: 10.1093/toxsci/kfg034
Copyright © 2003 by the Society of Toxicology

Neuropsychiatric Evaluation in Subjects Chronically Exposed
to Organophosphate Pesticides

Rosane Maria Salvi,* Diogo R. Lara,* Eduardo S. Ghisolfi,*" Luis V. Portela,* Renato D. Dias,* and Diogo O. Souzat~

*Departamento de Ciéncias Fisiologicas, Faculdade de Biociéncias, Pontificia Universidade Catolica do Rio Grande do Sul (PUCRS),
Porto Alegre, Brazil; and t Instituto de Ciéncias Basicas da Saiide, Departamento de Bioquimica,
Universidade Federal do Rio Grande do Sul, 90035-003 Porto Alegre, RS, Brazil

Received November 12, 2002; accepted January 6, 2003

Long-term exposure to low levels of organophosphate pesticides
(OP) may produce neuropsychiatric symptoms. We performed
clinical, neuropsychiatric, and laboratory evaluations of 37 work-
ers involved in family agriculture of tobacco from southern Brazil
who had been exposed to OP for 3 months, and in 25 of these
workers, after 3 months without exposure to OP. Plasma acetyl-

tobacco plantation use a combination of OP (chlorpyrphos and
acephate), herbicides (glyphosate and clomazone), plant
growth regulators (flumetralin), fungicides (iprodione), and
insecticides (imidacloprid). Exposure to OP is known to induce
clinical syndromes and biochemical alterations in humans.
Besides acute cholinergic symptoms, which are related to the
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E. Guillette et al, An Anthropological Approach to the Evaluation of

Preschool Children Exposed to Pesticides in Mexico, Environmental Health
Perspectives 106: 347-353,1998.

Pesticide-exposed children:

* Far less physical endurance in a test to see how
long they could keep jumping up and down

* Inferior hand-eye coordination

* Could not draw a simple stick figure of a human
being, which the non-exposed children could

readily do. e



Eric M. Roberts, et al. Maternal Residence Near Agricultural Pesticide
Applications and Autism Spectrum Disorders Among Children in the

California Central Valley, Environmental Health Perspectives 115(10):
1482-1489, 2007

* Children exposed to pesticides had more than twice
the risk of developing pervasive developmental
disorder (PDD)

* Children exposed to organophosphates had a 7x
higher autism rate

* Pregnant Mothers exposed were more likely to have
shorter pregnancies and their children had higher rate
of impaired reflexes



Occup Environ Med. 2015 Jul;72(7):496-503. doi: 10.1136/0emed-2014-102728. Epub 2015 Apr 23.

Incidence of solid tumours among pesticide applicators
exposed to the organophosphate insecticide diazinon in
the Agricultural Health Study: an updated analysis.

Jones RR?, Barone-Adesi F2, Koutros S, Lerro CC?, Blair AL, Lubin J?, Heltshe SL3, Hoppin JA%, Alavanja MC?, Beane Freeman LE!.
10ccupational and Environmental Epidemiology Branch, Division of Cancer Epidemiology and Genetics, National
Cancer Institute, National Institutes of Health, Department of Health and Human Services, Bethesda, Maryland, USA.

“We observed elevated lung cancer risks (N=283) among applicators with the
greatest number of LT (RR=1.60; 95% CI 1.11 to 2.31; P(trend)=0.02) and IW days
of diazinon use (RR=1.41; 95% CI 0.98 to 2.04; P(trend)=0.08).”

CONCLUSIONS:

“Our updated evaluation of diazinon provides additional
evidence of an association with lung cancer risk. Newly
identified links to kidney cancer and associations with
aggressive prostate cancer require further evaluation.”



http://www.ncbi.nlm.nih.gov/pubmed/25907210
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Occup Environ Med. 2015 Oct;72(10):736-44.
Organophosphate insecticide use and cancer incidence among spouses of
pesticide applicators in the Agricultural Health Study.

Lerro CC?, Koutros S2, Andreotti G2, Friesen MC?, Alavanja MC?2, Blair A2, Hoppin JA3, Sandler DP#4, Lubin JH®, Ma X%,Zhang Y®, Beane Freeman LEZ2.

Occupational and Environmental Epidemiology Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, Maryland, USA Yale University
chool of Public Health, New Haven, Connecticut, USA.

Occupational and Environmental Epidemiology Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, Maryland, USA.

Abstract

OBJECTIVES:

Organophosphates (OPs) are among the most commonly used insecticides. OPs have been linked
to cancer risk in some epidemiological studies, which have been largely conducted in
predominantly male populations. We evaluated personal use of specific OPs and cancer incidence
among female spouses of pesticide applicators in the prospective Agricultural Health Study
cohort.

RESULTS:

Among 30,003 women, 25.9% reported OP use, and 718 OP-exposed women were
diagnosed with cancer during the follow-up period. Any OP use was associated with an
elevated risk of breast cancer (RR=1.20, 95% CI 1.01 to 1.43). Malathion, the most
commonly reported OP, was associated with increased risk of thyroid cancer (RR=2.04,
95% CI 1.14 to 3.63) and decreased risk of non-Hodgkin lymphoma (RR=0.64, 95% CI 0.41 to
0.99). Diazinon use was associated with ovarian cancer (RR=1.87, 95% CI 1.02 to 3.43).

CONCLUSIONS:
We observed increased risk with OP use for several hormonally-related cancers, including
breast, thyroid and ovary, suggesting potential for hormonally-mediated effects.
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Environ Res. 2015 Nov;143(Pt A):256-65. doi: 10.1016/j.envres.2015.10.021.
Dialkyl phosphate urinary metabolites and

chromosomal abnormalities in human sperm.

Figueroa ZI1, Young HA2, Meeker JD3, Martenies SE4, Barr DB®, Gray G®, Perry MJ”.

RESULTS:

A significant positive trend was seen for increasing incidence rate ratios (IRRs) by
exposure quartiles of DMTP, DMDTP, DEP and DETP in XX18, YY18, XY18 and total
disomy. A significant inverse association was observed between DMP and total disomy.
Findings for total sum of DAP metabolites concealed individual associations as those
results differed from the patterns observed for each individual metabolite.

Dose-response relationships appeared non-monotonic, with most of the increase in
disomy rates occurring between the second and third exposure quartiles and without
additional increases between the third and fourth exposure quartiles.

CONCLUSIONS:

This is the first epidemiologic study of this size to examine the relationship between
environmental OP exposures and human sperm disomy outcomes. Our findings
suggest that increased disomy rates were associated with specific DAP
metabolites, suggesting that the impacts of OPs on testis function need further
characterization in epidemiologic studies.
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J Toxicol Environ Health A. 2015;78(19):1227-40.

Oxidative Stress, Cytotoxicity, and Genotoxicity Induced by Methyl Parathion in
Human Gingival Fibroblasts: Protective Role of Epigallocatechin-3-Gallate.
Argentin G1, Divizia M2, Cicchetti R1.

“The goal of this study was to investigate the in vitro effects of methyl parathion (mPT)
on cells in the oral cavity and evaluate the potential protective role of epigallocathechin-
3-gallate (EGCG) on these effects.

Human gingival fibroblasts (HGF) were exposed to 10, 50, or 100 y g/ml mPT for 24 h
and assessed for oxidative stress, as evidenced by reactive generation of oxygen
species (ROS), induction of apoptotic cell death, DNA damage, and nitric oxide (NO)
production.

Results showed that mPT produced significant oxidative stress, cytotoxicity, and
genotoxicity and increased NO levels through stimulation of inducible NO
synthase expression.

Finally, data demonstrated that EGCG (10, 25, or 50 y M) was able to inhibit the
pesticide-induced effects on all parameters studied.
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Pesticides and Parkinson's Disease-Is There a Link?

Terry P. Brown, Paul C. Rumsby, Alexander C. Capleton, Lesley Rushton and
Leonard S. Levy
' Environmental Health Perspectives
= A Viol. 114, No. 2 (Feb_, 2006), pp. 156-164
4 “‘f_ Published by: The National Instituie of Environmental Health Sciences
: Stable URL: http/iwww jstor.org/stable/3436503
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Terry P. Brown,' Paul C. Rumsby,” Alexander C. Capleton,’ Lesley Rushton,' and Leonard 5. Levy'

"Medical Research Council Institute for Environment and Health, University of Leicester, Leicester, United Kingdom; *National Centre for
Environmental Toxicology, WRe-NSF Ltd., Medmenham, Marlow, United Kingdom

development of I'D, such as farming, rural
Parkinson’s disease (PD) is an idiopathic disease of the nervous system characterized by progressive |i1-'ing. and consumption of well water.
tremor, bradykinesia, rigidity, and postural instabiliry. It has been postulated that exogenous toxi- To date, there has been no comprehensive
cants, including pesticides, might be involved in the etiology of PD. In this article we presenta  literature review of the epidemiologic and tox-
comprehensive review of the published epidemiclogic and toxicologic literature and critically evalu-  icologic evidence to critically evaluate whether
ate whether a relationship exists between pesticide exposure and PD. From the epidemiologic liters- 2 causal relationship exists between exposure
ture, there does appear 1o be a relatively consistent relationship berween pesticide exposure and PD. 1o pesticides and the development of D or
This relationship appears strongest for exposure to herbicides and insecticides, and afier long dura-  parkinsonism. In this article we summarize
tions of exposure. Toxicologic data suggest that paraquat and rotenone may have neurotoxic actions  such a critical review, undertaken on behalf of
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Pyrethrins - A Common Insecticide

ACTIVE INGREDIENTS:
............................................... 5.00%
e N R SN PSR P I g S S 25.00%
OTHER INGREDIENES . o5 s sessosrronnsssssssasevse sonssessss 70.00%
100.00%
(butylcarbityl) (6-propylpiperonyl) ether and related compounds
PYROCIDE®, MGK* - Registered trademarks of McLaughlin Gormiey King Company




Pyrethrins - A Common Insecticide

» Toxin derived from a flower that targets the
nervous system of insects

* One of the most commonly used
pesticides



Pyrethrins - Modified From Nature

* Pyrethrum- crude extract of Chrysanthemum
flower, toxic to humans and animals

* Pyrethroids - synthetic insecticidal chemicals
with some chemical similarity to pyrethrin
compounds, more toxic than pyrethrins



Pyrethrins
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Pyrethrins - Metabolism
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Pyrethrins

Lot 2.2, Mechanism of imsecticidal action

R Pyrethroids are known to alter the normal
function of insect nerves by modilying the kinetics
of voltage-sensitive sodium channels. which medi-

1R, trans ate the transient increase in the sodium permeabil-
Non-insecticidal ity of the nerve membrane that underlies the nerve
~ action potential (Soderlund and Bloomguist,

‘Jku"'" 1989; Bloomquist, 1993a).

X

15, trans



Pyrethroids alter voltage gated sodium

channels in insects and mammals.

e Similar to insects, exposure to pyrethroids
increases excitability in mammalian neurons by
slowing the action potential falling phase

* Type | and type Il pyrethroids delay mammalian
VGSC inactivation resulting in a prolonged Na+
current

* The length of channel open time is dependent on
the pyrethroid type, with type Il pyrethroids
holding VGSCs open much longer than type |



Pyrethroids alter voltage gated sodium

channels in insects and mammals.

extracellular
mtracellular

Closed Activated Inactivated Deactivated

Figure 3. The a subunit of the voltage-gated sodium channel. A. Schematic of VGSC a subunit
indicating the four domains (I-IV) and their six transmembrane segments (1-6). The transmembrane
segments and loop that form the channel pore are shown in green. The 4" transmembrane segment,
shown in purple, acts as the voltage sensor. B. Four states of the VGSC. At resting membrane potentials
the channel is closed. During the rising phase of an action potential the channel activates or opens.
Channel inactivation contributes to the falling phase. During the undershoot phase the channel
deactivates prior to returning to the closed phase once resting membrane resting potential has been
restored. Modified from Motifolio Biomedical PowerPoint Toolkit Suite.



Toxicology. 2002 Feb 1;171(1):3-59.

“Mechanisms of pyrethroid neurotoxicity”

Soderlund DM(1), Clark JM, Sheets LP, Mullin LS, Piccirillo VJ, Sargent D, Stevens JT, Weiner ML

Pyrethroids increased the levels of some amino acid
neurotransmitters and metabolites of monoamine
neurotransmitters in the brain.

At doses that produced tremor in rats, permethrin
increased:

e aspartate in the brainstem and striatum

e glutamate in the brain stem

* serotonin metabolite levels in the hypothalamus, brain
stem, hippocampus, and brain stem

* dopamine metabolite levels in the striatum



Wagner-Schuman, M., et al. Association of Pyrethroid Pesticide Exposure
with Attention-Deficit/Hyperactivity Disorder in a Nationally

Representative Sample of U.S. Children,
Environmental Health (2015) 14:44

« Data are from 8-15 year old participants (N = 687) in the
2001-2002 NHANES.

* Exposure was assessed using concurrent urinary levels of the
pyrethroid metabolite 3-phenoxybenzoic acid (3-PBA).

* Children with urinary 3-PBA above the limit of detection
(LOD) were twice as likely to have ADHD compared with
those below the LOD.

* Hyperactive-impulsive symptoms increased by 50 % for every
10-fold increase in 3-PBA levels



2, 4-Dichlorophenoxyacetic Acid (2,4-D)

» One of the most commonly
used herbicides

» One of the active ingredients
of Agent Orange used in the
Vietnam War

» Plant hormone that leads to
uncontrolled growth in

broadleaf plants . 0\)L
3 OH




2,4-D (2,4-dichlorophenoxyacetic acid)

m |

CLEARS OUT

Not approved for use on
lawns and gardens in
Denmark, Norway, Kuwait
and the Canadian provinces
of Québec, and Ontario.
Some forms banned in
Australia.



Duffard R, Garcia G, Rosso S, et al. Central nervous system myelin

deficit in rats exposed to 2,4-dichlorophenoxyacteic acid throughout
lactation. Neurotoxicol Teratol. 1996;18:691-696.

* Men who work with 2,4-D are at risk for abnormally shaped
sperm and impaired fertility.

* |ncreased risk of ALS among workers exposed to 2,4-D
compared to other company employees

* 2,4-D interfered with myelination in the brain of animals as
the result of lactational exposure changing behavior
patterns of animals that included apathy, reduced social
interaction, repetitive movements, tremors, and immobility
in pups

* Neuritis, weakness, nausea, abdominal pain, headache,
dizziness, peripheral neuropathy, stupor, seizures, brain
damage, and impaired reflexes have been associated with
dermal or oral exposure.



2, 4-Dichlorophenoxyacetic Acid (2,4-D)

Agent Orange and Heart Disease: Is There
a Connection?

jemme Lowenstein’
Professor of Medicine, New York University Medical Center, New York, New York, USA

HYPOTHYROIDISM AND PESTICIDE USE AMONG MALE
PRIVATE PESTICIDE APPLICATORS IN THE AGRICULTURAL
HEALTH STUDY

Whitney S. Goldner', Dale P. Sandler?, Fang Yu®, Valerie Shostrom? Jane A. Hoppin?,
Freya Kamel?, and Tricia D. LeVan®®



Glyphosate

N\/”\
HD ! v OH

Phosphate glycine



3,160,632

Patented Dec. 8, 1964

United States Patent Office
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Kriger M, Schrodl W, Neuhaus J, Shehata AA (2013)

Field Investigations of Glyphosate in Urine of Danish Dairy Cows.
J Environ Anal Toxicol 3:186

* Deficiency in trace elements like Mn, Cu, Zn, Se, Co, B, and Fe as
well as macro elements like Mg, Ca, and others occur.

* Deficiencies of these elements in diets, alone or in combination,
are known to interfere with vital enzyme systems and cause
disorders and diseases [29-31].

* The Co and Mn levels were much too low in all animals for proper
functl)on and immune response (in comparison with reference
levels).

* This is a result of the strong chelating effect of glyphosate
especially in chelating Co and Mn [30-32].

* Correlations between glyphosate and blood serum parameters
were significant for CK SR= 0.135), Se (R=-0.188) and Co (R= -
0,403) and Zn (R=0,175

* Correlations with the trace elements especially point to the
influence of glyphosate on the health of cows.
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http://www.omicsonline.org/field-investigations-of-glyphosate-in-urine-of-danish-dairy-cows-2161-0525.1000186.php?aid=18383#31
http://www.omicsonline.org/field-investigations-of-glyphosate-in-urine-of-danish-dairy-cows-2161-0525.1000186.php?aid=18383#30
http://www.omicsonline.org/field-investigations-of-glyphosate-in-urine-of-danish-dairy-cows-2161-0525.1000186.php?aid=18383#32

Kriger M, Schrodl W, Neuhaus J, Shehata AA (2013)

Field Investigations of Glyphosate in Urine of Danish Dairy Cows.
J Environ Anal Toxicol 3:186
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Swanson, Nancy L., et al. Genetically Engineered Crops, Glyphosate and the

Deterioration of Health in the United States of America. Journal of Organic
Systems, 9(2), 2014
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Glyphosate — Mode of Action

Glyphosate kills plants by interfering with the
synthesis of the aromatic amino acids
phenylalanine, tyrosine, and tryptophan.
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Glyphosate — Mode of Action

5-enolpyruvylishikimate-
3-phosphate
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o

Glyphosate occupies the binding site of phosphoenolpyruvate (PEP),
inhibiting the EPSPS enzymes of different species of plants and
microbes at different rates.



Glyphosate — Mode of Action

Glyphosate inhibits the EPSP synthase, which causes shikimate to
accumulate in plant tissues and diverts energy and resources away
from other processes.

Growth stops within hours of application it takes several days for the
leaves to start to turn yellow.
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Glyphosate — Mode of Action
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EPSPS is produced only by plants and microbes; the gene coding for it
is not in the mammalian genome.

Gut flora of some animals contain EPSPS

Cerdeira AL, Duke SO (2006). "The current status and environmental impacts of glyphosate-resistant crops: a
review". Journal of Environmental Quality 35 (5): 1633-58.d0i:10.2134/jeq2005.0378. PMID 16899736.



https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.2134/jeq2005.0378
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/16899736

Glyphosate

Good and Bad Bacterial Flora

BIFIDOBACTERIA ESCHERICHIA COLI LACTOBACILLI
The various strains help to regulate  Several types inhabit the human gut, Beneficial varieties prod
levels of other bacteria in the gut,  They are involvad in the production itamins and nulrients, boost
dulate i p to of vitamin K2 [essential for blood immunity and protect
nvading pathogens, prevent clotting) and help to keep against corcinogens.
tumour formation and bad bacteria in check,

produce vitamins. But some strains can lead to illness.

CAMPYLOBACTER ENTEROCOCCUS FAECALIS CLOSTRIDIUM DIFFICILE
C Jejuni and C coli are the strains most A common couse of Most harmbull following a course of
h iated with h di postsurgicol infactions. antibiotics when it is able to proliferate.
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Abstract ~ Full text links
é_) SﬁrinﬁerLink
Curr Microbiol. 2012 May;64(5):486-91. doi: 10.1007/s00284-012-0098-3. Epub 2012 Feb 24.

Effects of Roundup(®) and glyphosate on three food microorganisms:
Geotrichum candidum, Lactococcus lactis subsp. cremoris and Lactobacillus
delbrueckii subsp. bulgaricus.

Clair E‘, Linn L, Travert C, Amiel C, Séralini GE, Panoff JM.
« Author information

Abstract

Use of many pesticide products poses the problem of their effects on environment and health. Amongst
them, the effects of glyphosate with its adjuvants and its by-products are regularly discussed. The aim
of the present study was to shed light on the real impact on biodiversity and ecosystems of Roundup(®),
a major herbicide used worldwide, and the glyphosate it contains, by the study of their effects on
growth and viability of microbial models, namely, on three food microorganisms (Geotrichum candidum,

rLactncoccus lactis subspl cremoris and Lactobacillus delbrueckii subsp. bulgaricus) widely used as

has an inhibitory effect on microbial growth and a microbicide effect at lower concentrations than those

recommended in agriculture.
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Glyphosate

SOulind ot . Cwboamantel Schnces Curcpe 2004, 2014 O Environmental Sciences Europe
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RESEARCH Open Access

Republished study: long-term toxicity of a
Roundup herbicide and a Roundup-tolerant
genetically modified maize

Gilles-Eric Sératini", Emifie Clair’, Robin Mesnage’, Steeve Gress', Nicolas Defarge’, Manuela Malatesta’,
Didier Hennequin’ and Jo# Spiroux de Venddmoss'

Abstract

Background: The health eflects of a Roundup-tolerant NK603 genetically modiied (GM) matze (hom 11% in the
det), cuttvased with or without Roundup appication and Roundup slone (from 0.1 ppb of the Al pesticide
containing giyphosate and adjuvants) iIn doniing water, were evaluated for 2 years in ats, This study consamaes 2
follow-up investigation of a 90-day feeding study conducted by Monsanto in oeder 1o obtain commercial refease of
this GMO, employing the same rat strain and analyzing blochemical parameters on the same number of aremals
per group as our investigation. Our research represents the Tiest chronic study on these substances, in which
observations iInchuding tumors aee reponted cheonologicaly. Thus, it was not designed 35 3 Cartinogenicity study




Seralini - GMOs

Most test done by the chemical companies which
create these GMO products are run for 90 days.

Gilles-Eric Seralini conducted a study exactly replicating a
Monsanto study from 8 years prior, however Seralini’s
study lasted 2 years.

After 2 years, Seralini’s rats eating GMO corn had
developed huge tumors.



Séralini et al. Environmental Sciences Europe 2014, 26:14

http://www.enveurope.com/content/26/1/14

* Females developed large mammary tumors

* Males presented up to four times more large,
palpable tumors

Mammary glands (F)




Seralini - GMOs

Results

* Female rats had greater risk of mammary tumors

* Males had significantly increased of tumors of the
liver and kidney.

* Sex hormone disruption for both genders.
* Enhanced oxidative stress
* Very significant kidney dysfunction

 Effects did not become apparent until after 4
months.

*@G-E-Seralini et al. Env. Sciences Europe 2014: 26:14



GMO scientist Seralini vindicated in court ruling against
defamatory fraud accusations; Forbes shill Henry Miller
named as source of pro-Monsanto, anti-science lies

(NaturalNews) In a major victory for scientific truth, a high court in France has ruled that
several false accusers, who made repeated efforts to destroy the work of Professor Gilles-
Eric Seralini, engaged in defamation. And one of them is now being held legally
responsible to pay the price for his crimes.

Marc Fellous, a former chairman at the Biomolecular Engineering Commission (BEC) in
Paris, has officially been indicted for "forgery" and "the use of forgery" in defaming
Prof. Seralini, whose work indicted Monsanto's Roundup herbicide and genetically-
modified (GM) corn.

The BEC, which is responsible for approving genetically-modified organisms (GMOs) in
France, had in its ranks a supposed leader who has now been exposed for forging the
signature of a scientist in a dishonest attempt to discredit Prof. Seralini's work.



GMO scientist Seralini vindicated in court ruling against
defamatory fraud accusations; Forbes shill Henry Miller
named as source of pro-Monsanto, anti-science lies

According to reports, Fellous forged this scientist's signature for the purpose of giving
false credibility to claims that Prof. Seralini's work was incorrect, when in fact it was
completely accurate. Prof. Seralini had previously been accused of conducting faulty
science, but upon reassessment his work panned out as legitimate.

"The details of the case have not yet been publicly released but a source close to the case
told GMWatch that Fellous had used or copied the signature of a scientist without his
agreement to argue that Seralini and his co-researchers were wrong in their reassessment
of Monsanto studies," reports GMOQOSeralini.org.

"The Seralini team's re-assessment reported finding signs of toxicity in the raw data from
Monsanto's own rat feeding studies with GM maize. The sentence against Fellous has not
yet been passed and is expected in June 2016."
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Glyphosate-Based Herbicides Produce Teratogenic Effects on Vertebrates
by Impairing Retinoic Acid Signaling

Laboratorio de Embriclogia Molecular, CONICET-UBA, Facultad de Medicina, Universidad de Buencs Aires, Paraguay
2155, 3% pise (1121), Ciudad Autonoma de Buenos Aires, Argentina

Glyphosate

Shh :

*Cyclopia
_— *Microcephaly

E;té”“'ﬂ Otx? = Affected cranial

_"1 l."m,”_. neural crest
inhibition of *Craniofacial
expression Sox9 malformations

The broad spectrum herbicide glyphosate is widely used in agriculture worldwide. There has
been ongoing controversy regarding the possible adverse effects of glyphosate on the
environment and on human health. Reports of neural defects and craniofacial malformations
from regions where glyphosate-based herbicides (GBH) are used led us to undertake an



Toxicol In \Vitre, 2012 Mar; 26(2).26%-79. doi: 10.10164.tiv.2011.12.00%. Epub 2011 Dec 19.

A glyphosate-based herbicide induces necrosis and apoptosis in mature rat testicular cells in vitro, and
testosterone decrease at lower levels.

Clair E', Mesnage R, Travert C, Séralini GE.

+ Author information

Abstract

The major herbicide used worldwide, Roundup, is a glyphosate-based pesticide with adjuvants. Glyphosate, its active ingredient in plants and its
main metabolite (AMPA) are among the first contaminants of surface waters. Roundup is being used increasingly in particular on genetically
modified plants grown for food and feed that contain its residues. Here we tested glyphosate and itz formulation on mature rat fresh testicular
cells from 1 to 10000ppm, thus from the range in some human urine and in envirenment to agricultural levels. We show that from 1 to 43h of
Roundup exposure Leydig cells are damaged. Within 24-43h this formulation is also toxic on the other cells, mainly by necrosis, by contrast to
glyphosate alone which is essentially toxic on Sertoli cells. Later, it also induces apoptosis at higher doses in germ cells and in Sertolifgerm cells
co-cultures. At lower non toxic concentrations of Roundup and glyphosate (1ppm), the main endocrine disruption is a testosterone decrease by
35%. The pesticide has thus an endocrine impact at very low environmental doses, but only a high contamination appears to provoke an acute rat
testicular toxicity. This does not anticipate the chronic toxicity which is insufficiently tested, and only with glyphosate in regulatory tests.

* Necrosis and apoptosis in testicular tissue resulted from 48 hour
exposure to doses of Glyphosate formulations of 1 to 10,000 ppm.

* Endocrine disruption was found to occur below the toxic dose.

* 1ppm Glyphosate decreased Testosterone levels 35%.



Enviren Toxicol Chem. 2004 Auwg;23(8):1928-38.
Toxicity of glyphosate-based pesticides to four North American frog species.
Howe CM!, Berrill M, Pauli BD, Helbing CC, Werry K, Veldhoen N.

+ Author information

Abstract

Glyphosate-based herbicides are among the most widely used pesticides in the world. We compared the acute toxicity of the glyphosate end-use
formulation Roundup Original to four Morth American amphibian species (Rana clamitans, R. pipiens, R sylvatica, and Bufo americanus) and the
toxicity of glyphosate technical, the polyethoxylated tallowamine surfactant (FOEA) commonly used in glyphosate-based herbicides, and five
newer glyphosate formulations to R. clamitans. For R. clamitans, acute toxicity values in order of decreasing toxicity were POEA = Roundup
Original = Roundup Transork = Glyfos AU no significant acute toxicity was observed with glyphosate technical material or the glyphosate
formulations Roundup Biactive, Touchdown, or Glyfos BIO. Comparisons between the four amphibian species showed that the toxicity of Roundup
Original varied with species and developmental stage. Rana pipiens tadpoles chronically exposed to environmentally relevant concentrations of
POEA or glyphosate formulations containing POEA showed decreased snout-vent length at metamorphosis and increased time to
metamorphosis, tail damage, and gonadal abnormalities. These effects may be caused, in some part, by disruption of hormone signaling,
because thyroid hormene receptor beta mRNA transcript levels were elevated by exposure to formulations containing glypheosate and POEA.
Taken together, the data suggest that surfactant composition must be considered in the evaluation of toxicity of glyphosate-based herbicides.

* Toxicity of RoundUp Original varied depending on species and
developmental age

e Toxicity in R. clamitans:
POEA > RoundUp Original > RoundUp Transorb > Glyphos AU

* R. pipiens tadpoles exposed to POEA or glyphosate formulations with POEA
negatively affected development via disruption of thyroid hormone
receptor



Int. J. Cancer: 123, 1657-1663 (2008)
£ 2008 Wiley-Liss, Inc.

Pesticide exposure as risk factor for non-Hodgkin lymphoma including

histopathological subgroup analysis

Mikael Erikmm”, Lennart Hardelll, Michael E:lT]hEI‘gI and M:ns ,|;||I»:JE.l1'm:|.n'1

fﬂeparrmem af Oncology, University Hospital, Lund, Sweden
“Department of Oncology, University Hospital, Orebro, Sweden
“Department of Pathology, University Hospital, Lund, Sweden

We report a population based case-control study of exposure to pes-
ticides as risk factor for non-Hodgkin l}mphnma (NHL). Male and
female subjects aged 18-74 vears living in Sweden were included
during December 1, 1999, to Apnl 30, 2(02. Controls were selected
from the national pnpulamn registry. Exposure to different agents
was assessed by questionnaire. In total 910 (%1% ) cases and 1016
(92% ) controls participated. Exposure to herbicides gave odds ratio
(OR) 1.72, 95% confidence interval (C1) 1.18-2.51. Regarding phe-
noxyacetic acids highest risk was calculated for MCPA; OR 181,
5% C1 1.27-6.21, all these cases had a latency period >10 vears.
Exposure to glyphosate gave OR 2.02, 95% C1 1.10-3.71 and with
>10 years latency period OR 1.16, 95% C1 1,16-4.40, Insecticides
overall gave OR 125, 95% C1 0.96-1.72 and impregnating agents
OR 1.57,95% (1 ]-:IT—" 30. Results are also presented for different
entities of NHL. In conclusion our study confirmed an association
between exposure to phenoxyacetic acids and NHL and the associa-
tion with glyphosate was considerably strengthened.

D 2008 Wiley-Liss, Inc.

“In conclusion our study confirmed
an association between exposure
to phenoxyacetic acids and NHL
[non-Hodgkin lymphoma] and the
association with glyphosate was
considerably strengthened.”




Med Pr. 2013;84(5).717-25.
[Glyphosate and its formulations--toxicity, occupational and environmental exposure].

[Article in Polish]
Kwiatkowska M1, Pawet J?, Bukowska B2.

+ Author information

Abstract

Glyphosate (M-{phosphonomethyl)glycine) is an active ingredient of the most widely used herbicide formulations in protecting agricultural and
horticultural crops. Mumerous results (mostly published in the years 2010-2013) conceming the action of glyphosate and its formulations in the
recent decade were analyzed. Initial reports about alleged bicdegradability of glyphosate in the environment turmed out to be wrong. It has been
shown that glyphosate remains in the soil and can reach people by spreading along with groundwater. Recent publications have shown that
glyphosate is detected at low concentrations in the human blood. Publications cited in this article, which indicate a possible induction of
neoplastic changes by glyphosate formulation, have raised great concem and controversy in the scientific world. Presenting adverse effects of
glyphosate and its formulations we focused on the role of glyphosate formulations in hormenal disorders by impeding the expression of
steroidogenic acute regulatory protein and the inhibition of aromatase activity. The impact of glyphosate on oxygen reactive species formation,
changes in redox system and the effect on necrosis and apoptosis in various types of cells was shown. We also revealed that glyphosate as a
phosphonate herbicide does not inhibit directly the activity of acetylcholinesterase. Based on numerous studies it was noted that commercial
formulations of glyphosate exhibit higher toxicity than that of the active substance itself. The discussed problems clearly show the need to
evaluate the toxicity of glyphosate and its formulations and related potential threat to humans.

“Initial reports about alleged biodegradability of glyphosate....turned out to be wrong”

Glyphosate remains in soil and spreads along with groundwater and it is
detectable in low concentration in human body, where it:

* interferes with steroid hormone regulation

e impacts ROS formation and alters redox systems

e causes tissue necrosis and apoptosis

Formulations are more toxic than glyphosate alone.



Meurctoxic clogy. 2015 Jan;46.79-591. doi; 10.1018.neuwre.2014.12.001. Epub 2014 Dec 15.

The herbicide glyphosate causes behavioral changes and alterations in dopaminergic markers in male
Sprague-Dawley rat.

Hernandez-Plata 11, Giordano M, Diaz-Mufioz M?, Rodriguez Wi,

+ Author information

Abstract

Glyphesate (Glyph) is the active ingredient of several herbicide fermulations. Reperts of Glyph exposure in humans and animal medels suggest
that it may be neurctoxic. To evaluate the effects of Glyph on the nervous system, male Sprague-Dawley rats were given six intrapentoneal
injections of 50, 100, or 150 mg Glyph/kg BW over 2 weeks (three injections/week). We assessed dopaminergic markers and their association
with locomotor activity. Repeated exposure to Glyph caused hypoactivity immediately after each injection, and it was also apparent 2 days after
the last injection in rats exposed to the highest dose. Glyph did not decrease monoamines, tyrosine hydroxylase (TH), or mesencephalic TH+
cells when measured 2 or 16 days after the last Glyph injection. In contrast, Glyph decreased specific binding to D1 dopamine (DA) receptors in
the nucleus accumbens (MAcc) when measured 2 days after the last Glyph injection. Microdialysis experiments showed that a systemic injection
of 150 mg Glyph/kg BVW decreased basal extracellular DA levels and high-potassium-induced DA release in striatum. Glyph did not affect the
extracellular concentrations of 3 4-dihydroxyphenylacetic acid or hemovanillic acid. These results indicate that repeated Glyph exposure results in
hypoactivity accompanied by decreases in specific binding to D1-DA receptors in the NAcc, and that acute exposure to Glyph has evident effects
on striatal DA levels. Additional experiments are necessary in order to unvell the specific targets of Glyph on dopaminergic system, and whether
Glyph could be affecting other neurctransmitter systems invelved in motor control.

Rats given 6 injections of Glyphosate over 2 weeks (50, 100, or 150 mg/kg)
 Repeated exposure caused immediate hypo-activity after each injection
* Hypo-activity was marked and lasted 2 days in rats receiving highest dose

Glyph decreased binding to Dopamine receptors in the Nucleus Accumbens (NAcc)

150 mg/kg decreased basal extracellular DA levels and induced DA release in
striatum



RESEARCH ARTICLE Open Access

Simultaneous exposure to multiple heavy @

metals and glyphosate may contribute to
Sri Lankan agricultural nephropathy

Channa Jayasumana‘i Sarath Gunatilake® and Sisira Siribaddana®

Abstract

Background: Sri Lankan Agricultural Nephropathy (SAN), a new form of chronic kidney disease among paddy
farmers was first reported in 1994, It has now become the most debilitating public health issue in the dry zone of
Sri Lanka. Previous studies showed SAN is a tubulo-interstitial type nephropathy and exposure to arsenic and
cadmium may play a role in pathogenesis of the disease.

Methods: Urine samples of patients with SAN (N = 10) from Padavi-Sripura, a disease endemic area, and from two sets
of controls, one from healthy particdipants (N = 10) from the same endemic area and the other from a non-endemic
area (N =10; Colombo district) were analyzed for 19 heavy metals and for the presence of the pesticide- glyphosate.

Results: In both cases and the controls who live in the endemic region, median concentrations of urinary 5b, As, Cd,
Co, Pb, Mn, Ni, Ti and V exceed the reference range. With the exception of Mo in patients and Al, Cu, Mo, 5e, Tiand Zn
in endemic controls, creatinine adjusted values of urinary heavy metals and glyphosate were significantly higher when
compared to non-endemic controls. Creatinine unadjusted values were significant higher for 14 of the 20 chemicals
studied in endemic controls and 7 in patients, compared to non-endemic controls. The highest urinary glyphosate
concentration was recorded in SAN patients (range 61.0-195.1 pgfg creatinine).

Conclusions: People in disease endemic area exposed to multiple heavy metals and glyphosate. Results are supportive
of toxicological origin of SAN that is confined to specific geographical areas. Although we could not localize a single
nephrotoxin as the culprit for SAN, multiple heavy metals and glyphosates may play a role in the pathogenesis. Heawvy

metals excessively present in the urine samples of patients with SAN are capable of causing damage to kidneys.
Synergistic effects of multiple heavy metals and agrochemicals may be nephrotoxic.

Keywords: Chronic kidney disease, Heavy metals, Pesticides, S Lanka, Synergistic effect
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Glyphosate reduces shoot concentrations
of mineral nutrients in glyphosate-
resistant soybeans

Luiz Henrique Saes fobiole . Rubem Silverio de Cliveira Jr, Don Morgan Huber,
Jamil Constantin, César de Castro, Fabio Alvares de Cliveira, Adilson de Oliveira Jr.

* An evaluation of different cultivar maturity groups on
different soil types, revealed a significant decrease in macro
and micronutrients in leaf tissues, and in photosynthetic
parameters (chlorophyll, photosynthetic rate, transpiration

and stomatal conductance) with glyphosate use (single or
sequential application).

* The lower biomass in GR SO\ébeans compared to their
isogenic normal lines probably represents additive effects
from the decreased photosynthetic parameters as well as

lower availability of nutrients in tissues of the glyphosate
treated plants.
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Carcinogenicity of tetrachlorvinphos, parathion, malathion,
diazinon, and glyphosate

Kathryn Z Guyton, Dana Loomis, Yann Grosse, Fatiha El Ghissassi, Lamia Benbrahim-Tallaa, Neela Guha, Chiara
Scoccianti, Heidi Mattock, Kurt Straif, on behalf of the International Agency for Research on Cancer

Monograph Working Group, IARC, Lyon, France

Published Online: 20 March 2015

In March, 2015, 17 experts from 11 countries met at the
International Agency for Research on Cancer (IARC; Lyon,
France) to assess the carcinogenicity of the
organophosphate pesticides tetrachlorvinphos,
parathion, malathion, diazinon, and glyphosate (table).
These assessments will be published as volume 112 of
the IARC Monographs.?!




TARC MONOGRAPHS ON THE EVALUATION OF CARCINOGENIC RISKS TO
HUMANS

Volume 112 (2015)

Some Organophosphate Insecticides and Herbicides: Diazinon,
Glyphosate, Malathion, Parathion, and Tetrachlorvinphos

6.1 Cancer in humans
There is limited evidence in humans for the carcinogenicity of glyphosate. A
positive association has been observed for non-Hodgkin lymphoma.

6.2 Cancer in experimental animals
There is sufficient evidence in experimental animals for the carcinogenicity
of glyphosate.

6.3 Overall evaluation
Glyphosate is probably carcinogenic to humans (Groups 2A)




TARC MONOGRAPHS ON THE EVALUATION OF CARCINOGENIC RISKSTO

HUMANS

Volume 112 (2015)

Some Organophosphate Insecticides and Herbicides: Diazinon,
Glyphosate, Malathion, Parathion, and Tetrachlorvinphos

There is strong evidence that glyphosate can operate through two key
characteristics of known human carcinogens, and that these can be

operative in humans. Specifically:

There is strong evidence that exposure to
glyphosate or glyphosate-based formulations
is genotoxic based on studies in humans in
vitro and studies in experimental animals.
One study in several communities in indi-
viduals exposed to glyphosate-based formu-
lations also found chromosomal damage in
blood cells; in this study, markers of chro-
mosomal damage (micronucleus formation)
were significantly greater after exposure than
before exposure in the same individuals.

There is strong evidence that glypho-
sate, glyphosate-based formulations, and
aminomethylphosphonic acid can act to
induce oxidative stress based on studies in
experimental animals, and in studies in
humans in vitro. This mechanism has been
challenged experimentally by administering
antioxidants, which abrogated the effects of
glyphosate on oxidative stress. Studies in
aquatic species provide additional evidence
for glyphosate-induced oxidative stress.




JOINT FAO/WHO MEETING ON PESTICIDE RESIDUES
Geneva, 9-13 May 2016 SUMMARY REPORT

The evaluation of these studies focused on the occurrence of Non-Hodgkin’s Lymphoma (NHL).

Overall, there is some evidence of a positive association between glyphosate exposure and risk of NHL
from the case—control studies and the overall meta-analysis. However, it is notable that the only large
cohort study of high quality found no evidence of an association at any exposure level. Glyphosate has
been extensively tested for genotoxic effects using a variety of tests in a wide range of organisms.

The overall weight of evidence indicates that administration of glyphosate and its formulation products at
doses as high as 2000 mg/kg body weight by the oral route, the route most relevant to human dietary
exposure, was not associated with genotoxic effects in an overwhelming majority of studies conducted in
mammals, a model considered to be appropriate for assessing genotoxic risks to humans.

The Meeting concluded that glyphosate is unlikely to be genotoxic at anticipated dietary exposures.
Several carcinogenicity studies in mice and rats are available. The Meeting concluded that glyphosate is
not carcinogenic in rats but could not exclude the possibility that it is carcinogenic in mice at very high
doses.

In view of the absence of carcinogenic potential in rodents at human-relevant doses and the absence of
genotoxicity by the oral route in mammals, and considering the epidemiological evidence from
occupational exposures, the Meeting concluded that glyphosate is unlikely to pose a carcinogenic risk to
humans from exposure through the diet.

The Meeting reaffirmed the group ADI for the sum of glyphosate and its metabolites of 0—1 mg/kg body
weight on the basis of effects on the salivary gland. The Meeting concluded that it was not necessary to
establish an ARfD for glyphosate or its metabolites in view of its low acute toxicity.



Great Plains Laboratory

GPL-Toxic Screen

e 2,4D (2,4 Dichlorophenoxyacetic Aid)
- Component of agent orange
- Used in home lawn care and agriculture
e DMP (Dimethylphosphate)
e DEP (Diethylphosphate)
* 3PBA (3-Phenoxybutyric Acid)
- Pyrethrin insecticide major metabolite



Great Plains Laboratory

The Great Plains Lahuratury, Inc.
Toxic Compounds

. Result :
Metabolite maglg creatinine Percentila

Herbicide
LLOQ '.-"!':lth 85th
2. 4-Dichlorophenoxyacetic Acid (2-4-D) 0.80 F —
Pyrethroid Insecticide 0-20 0.50 19

2 4-Dichlorophenoxyacetic Acid (2,4-0) is a very common herbicide that was a part of Agent Orange, which was used by the LS. in the
Wietmam War. It is most commonly used in agriculture on genetically modified foods. and as a weed killer for lawns. Exposure to 2,
4-D via skin or oral ingesiion is associated with neuritis, weakness, nausea, abdominal pain, headache, dizziness, peripheral
neuropathy, stupor, seizures, brain damage, and impaired reflexes. 2, 4-D is a known endocring disruptor. and can block hormone
distributicn and cause glandular breakdown.

LLOQ Tslth 85th
SHE -
Marker for Mitochondria Function 03 1.0 58
Parent: Pyrethroids - Including Permethrin, Cypermethrin, Cyhalothrins, Fenpropathrin, Deltamethrin,

Trihalomethrin
Pyrethrins are widely used as insecticides. Exposure during pregnancy doubles the likelihood of autism. Pyrethrine may affect
neurological development, disrupt hormones, induce cancer, and suppress the immune system.

LLOGQ 75th

Tiglyglycine (TG) 0.80 -

.04 11 14
Tialyalycing (TG) is a marker for mitcchondrial disorders resulting from mutations of mitochondrial DA,




Detoxification Methods

Change to non-GMO organic food

Exercise to develop sweating. Many chemicals are released
in sweat. Use towel to remove sweat frequently since
chemicals may be reabsorbed back into body.

Use saunas to induce sweating. Hubbard protocol.
Whole body massages with vegetable oil. Discard after use.

Folate, B6, B12, TMG help PON enzyme eliminate toxic
homocysteine thiolactone that decreases ability to detoxify
pesticides

Use oral or intravenous glutathione to remove many toxic
chemicals. 500 mg per day oral.

Drink purified water: distilled, reverse osmosis
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Figure 1: Improvement in Health-Related
Quality of Life
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Figure 4: Change in Balance Test: N-53
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Figure 2: Change in Symptom Severity
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Toxicology

The sum affect of a toxin is more than additive.
Interaction effects can be multiplicative, or exponential.

A fraction of a lethal dose of a chemical (when administered alone)
may be lethal if there is an interaction effect with another toxin.

1+ 1 can equal 1,000.
1+ 1 can equal 1 million.

1+1>2



Waters Center for Biological Medicine
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