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Glyphosate

 Non-selective herbicide, reported in 1971

 Globally important

 Used in fallow, orchards, vineyards, and 
glyphosate-resistant crops

 Low environmental toxicity
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Movement in Plant

 Used post-emergence on growing plants

 Absorbed across cuticle

 Rapid translocation to growing points

 Growth inhibition and general chlorosis and 
necrosis within 4 to 20 days

 Rapidly and tightly adsorbed to soil

 No crop planting restrictions



Chemical Structure

Glycine

N-(phosphonomethyl)glycine
Glyphosate



Glyphosate MOA

Tyrosine PhenylalanineTryptophan

Glyphosate 
irreversibly
binds EPSPS:S3P 
complex

EPSPS

Shikimic Acid
Pathway

5-enolpyruvylshikimate-3-
phosphate synthase – EPSPS
- Nuclear encoded
- Located in the chloroplast
- Highly conserved in plants



Mode of Action



Mode of Action 

Summary

• Structure similar to glycine 
(amino acid) and PEP

• Inhibits EPSPS

• Only found in plants, fungi, and 
bacteria

– Only plant EPSPS sensitive to 
glyphosate



Toxicology

• Eye exposure – flush with water

• If ingested, drink water to dilute

Species LD50

Rat 5600 mg/kg (oral)

Rabbit >5000 mg/kg (dermal)

Acute

Chronic

Species 24 month diet NOEL Observations

Mouse 4500 mg/kg/day Microscopic liver changes at 
4500 mg/kg/d; not carcinogenic

Rat 400 mg/kg/day Reduced weight gain at 1000 
mg/kd/day

NOEL: No Observable Effect Limit

68 kg person (150 lb)
27.2 kg/day of pure glyphosate
(60 lb/day)

Herbicide 
Handbook, 10th

Edition, 2014



Toxicology

Species NOEL

Rat 1000 mg/kg/day

Rabbit 175 mg/kg/day

Teratogenicity

Mutagenicity

Test Result

Gene mutation Negative

Structural chromosomal 
aberration

Negative

DNA damage/repair Negative

NOEL: No Observable Effect Limit

68 kg person (150 lb)
11.9 kg/day of pure glyphosate
(26 lb/day)

Herbicide 
Handbook, 10th

Edition, 2014



Toxicology
• Compare to paraquat

Species LD50

Rat 5600 mg/kg (oral)

Rabbit >5000 mg/kg (dermal)

Acute

Chronic

Species 24 month diet NOEL

Mouse 4500 mg/kg/day

Rat 400 mg/kg/day

Species LD50

Rat 112 mg/kg (oral)

Rabbit 240 mg/kg (dermal)

Monkey 50 mg/kg (oral)

Acute

Chronic

Species 24 month diet NOEL

Dog 34 mg/kg/day

Rat 25 mg/kg/day

Glyphosate Paraquat

68 kg person (150 lb)
3.4 kg of pure paraquat
(7.5 lb)

Herbicide 
Handbook, 10th

Edition, 2014



IARC Group 2A 
Classification of Glyphosate



International Agency for Research 
on Cancer
• Glyphosate added to list of agents that are 

“probably carcinogenic to humans”

• March 2015

• IARC group 2A classification

• References used in decision have not been released

• Full monograph detailing decision due to be released in 
2016

• Lancet paper stated “evidence in humans” is “limited”

• Cancer site stated was non-Hodgkin lymphoma (NHL)



IARC Group 2A Agents

• Are problematic for occupational exposure
• Meaning people who work with or around the chemical on a 

regular basis over a long period of time

• General public is highly unlikely to see ill effects from 
any agent with this classification based on available 
evidence

• Group 2A does not mean that a chemical will definitely 
cause cancer

• Other 2A agents: wood smoke, working night shifts, 
and hot mate (the South American drink)

• “Probably causes cancer” video explanation:
• https://www.youtube.com/watch?v=CbBkB81ySxQ



Review of published studies 
involving glyphosate and cancer

Source: Dr. Andrew Kniss, Univ. of Wyoming
Available: weedcontrolfreaks.com

• Difference in risk of cancer 
between people who have 
been exposed to glyphosate 
and those who haven’t

• Points to left of blue line: 
less likely to get cancer

• Points to right of blue line: 
more likely to get cancer



Across available NHL studies

• From 2.4% to 3.8% of NHL cases were exposed to 
glyphosate

• 97% of NHL cases were not exposed to glyphosate

• Glyphosate is not a major contributor to NHL cases 
in the general population

• IARC used 3 case control studies and 1 cohort study



Non-Hodgkin Lymphoma 
• From references in Lancet article announcing IARC 

decision

• Case control studies
• Analyze large group of ‘cases’ of the disease

• Find similar group of people without the disease; 
‘control’

• Find risk factors more common in ‘case’ group compared 
to the ‘control’ group

Results suggest a link between
glyphosate exposure and NHL



Risk Ratios – Non-Hodgkin 
Lymphoma and Glyphosate
• IARC used 3 case control studies and 1 cohort study

• Case control - of all patients diagnosed with NHL:

• Consider magnitude of difference in these studies

Group DeRoos
2003

Eriksson 
2008

McDuffie 2001

Control 
(no NHL)

3.3% used 
glyphosate

1.8% used 
glyphosate

9.7% used 
glyphosate

Case (NHL) 5.9% used 
glyphosate

3.3% used 
glyphosate

10.9% used 
glyphosate



Cohort Study – DeRoos 2005
• Study of 54,315 agricultural workers

• Rate of NHL in agricultural workers was 0.17%

• Rate of NHL in non-glyphosate users was 0.16% 

• Ratio estimate includes 1.0 (not statistically 
different)

• Means there is no discernible link between 
glyphosate and NHL among a population where 
glyphosate use is the most common



Conclusion to Date

• Based on these data, there does not seem to be a basis 
for alarm

• IARC 2A classification means “take care”

• Glyphosate is a pesticide

• As with all pesticides, proper personal protective 
equipment should be worn and proper procedures 
followed

• No strong evidence to suggest that exposure to 
glyphosate causes cancer

• Full IARC report due this year; could include new 
evidence not analyzed here



Further Reading

• http://weedcontrolfreaks.com/2015/03/glyphosate
-and-cancer-what-does-the-data-say/

Dr. Andrew Kniss
University of Wyoming

http://weedcontrolfreaks.com/2015/03/glyphosate-and-cancer-what-does-the-data-say/


Recent Reports on Rats

• Seralini lab in France
• www.gmoseralini.org

• Paper in 2012 – retracted
by journal

• More papers in 2013-
2015
• Widely debunked
• Data not available
• Very small sample sizes
• Random effects 

interpreted as effect of 
“GMO” and “Roundup”

• Science by press release

• Difficult to retract from 
public discussion

http://www.gmoseralini.org/


Glyphosate Toxicology 

Summary

• Extremely high doses required to 
obtain acute and chronic effects

– Safe from exposure perspective

• Scientifically-rigorous studies over 
many years show no cancer risks 
in animal feeding studies

• IARC Classification – take care for 
occupational exposure



Glyphosate Resistance

• 32 glyphosate resistant (GR) species (Heap, 
2015)

• Dicot and grass species

• USA, Canada, Australia, South America, 
Europe, SE Asia

• Perennial crop, fallow, and non-crop areas
• Vineyards, orchards, no-till fallow, fencelines

• Glyphosate-resistant crops



Any trait which slows/prevents herbicide reaching the

site of action, or reduces toxic effect at site of action

Target Site

Mutation Increased Expression/
Gene Amplification

Potential Herbicide Resistance Mechanisms

Non-Target Site

Metabolism Altered 
Translocation & 
Sequestration

Reduced 
Foliar

Uptake

General 
Oxidative 

Stress 
Response

Resistance Mechanisms



GR Evolution Factors

• Continuous glyphosate use

• No/minimal diversity
• Rotate/mix herbicide MOA

• Tillage, crop rotation

• Seed bank management

• High seed bank density

• Vineyards, fence lines, no-tillage fallow, GR crops

• GR crops – widespread use, large areas, huge
number of individuals under uniform selection



Palmer amaranth

Soybean Field

Photo: Jason Norsworthy



Palmer amaranth

Cotton Field

Photo: Jason Norsworthy



Seed Bank Density

• Palmer amaranth
• Nontreated: increased from 173 million seeds/ha to 

1.1 billion seeds/ha (Menges 1987)

• With weed management: 18 million seeds/ha

• Short seed life (50% mortality in 18 months)

• Seed production - dioecious
• 200,000 to 600,000 per plant

• U.S. Soybeans: 35.5 million hectares

• U.S. Corn: 39.4 million hectares

If 50% of area is infested:

Approx. 650 Billion individuals in US!



Pictures

Denver

Byers Sedgewick

Yuma

Glyphosate-resistant Kochia in Colorado



EPSPS Copy Number in Kochia from 

Western Sugar Growing Region

Andrew Kniss, Wyoming

Bob Wilson, Nebraska

Gaines and Westra, CSU

Western Sugar Cooperative Joint Research Committee



Glyphosate-resistant kochia

Survived 4X label rate

3200 g a.e./ha

88 oz/ac

EPSPS Copy Number = 10



Confirmed cases of glyphosate-

resistant K. scoparia



Eastern 
Colorado 
Kochia 
Survey:
Glyphosate

Eric Westra, CSU



Western 
Colorado 
Kochia 
Survey:
Glyphosate

Eric Westra, CSU
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