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What are Pesticides?

• Insecticides

• Herbicides

• Rodenticides

• Fungicides

• Bacteriacides

• Mitacides

• Whatever chemical is 

used to kill a pest.



Most people lump all pesticides 

together. 

So today I’m just going to refer to 

“pesticides”.



Most people think pesticides

are safe

Right?



WRONG!

Most  people have little understanding of 

pesticides and many have fears or 

concerns based on decades old and 

sometimes obsolete  information or 

misinformation.



How some people view pesticides:



How many of you have 

concerns about pesticide safety

???!



Some people think everyone should be 

using “organic” or “natural” pesticides, 

because “they are safe for  people and 

for the environment.”

But are they?



Some common concerns and beliefs-

both facts and myths:

• Pesticide toxicity and health hazards

• Potential impacts to wildlife and aquatic 
organisms, like fish and frogs.

• Potential groundwater contamination 

• Persistence in the environment



Primary Public Concerns
Myths

• “There are always practical non-chemical ways to 
control pests.”

• “We don’t know much about the  long-term 
effects of “chemical” pesticides on health, 
reproduction, and the environment.”

• “’Natural’ and ‘Organic’ pesticides are always 
safer than “Chemical” pesticides.”







Some Things We Know About Pesticides 

and their Risks

• Immediate (acute) and long-term (chronic) 

toxicity to a number of test animals, fish, birds, 

and bees.

• We can evaluate how likely they are to move in the 

environment.  

• We have some idea how long they will persist in 

various environments.  



Primary Public Concerns

About Pesticide Toxicity and Health
Facts

• “Chemical sensitivity” –part physiological, part 
psychological

• Toxicity – Some pesticides have harmed people, fish,  
and/or wildlife

• Some older pesticides have had long-term impacts 
on reproduction (e.g. DDT impacts on birds)  

So how can we be reasonably sure the pesticides we are using 
today are safe for people and wildlife?



Primary Public Concerns About 

Pesticide Environmental Impacts
Facts

• Groundwater contamination has occurred 

• There have been non-target impacts

• Some pesticides do persist in the environment



Applied 15 years 30 years 45 years 60 years 75 years

%DDT 100 50 25 12.50 6.25 3.125

%DDD 50 50 37.5 12.50 6.25

%DDE 25 37.5 25 12.5
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Environmental Protection Agency 

Pesticide Registration Requirements

• ALL pesticides registered now must meet rigorous testing 
requirements 

• Testing is by independent, EPA-approved laboratories 
following standard protocols.

• No pesticide product may be sold until EPA has 

approved a Label.

• When used in accordance with Label requirements, there is 
reasonable assurance of both human and environmental 
safety because use directions have a built in 100-fold 
protection factor.  





Active Ingredient – The chemical  that 

kills the pest (i.e. the pesticide”)



Are “Inert Ingredients” Toxic?



The Label is the Law!



Note, however that ….

• A weed does not have to be listed.  However, 

if it is not, the manufacturer will not guarantee 

product effectiveness on a weed that isn’t. 

• AND

• For any non-crop use, the site must be listed. 

E.g.:

– Aquatic

– Rangeland, Pasture, Meadow

– CRP, Wildlife Habitat

– ROW



Testing Required by EPA
Pesticides are evaluated for their effects or potential 

effects on:

• Humans

• Domestic animals

• Wildlife and fish

• Insects

• Non-target plants

• --and for their Environmental Fate: 
– how long it takes for them to break down in the 

environment in water and soils and in the presence 
of sunlight.  



Toxicity Tests Required by EPA for 

Pesticide Registration:

● Acute toxicity (effects of a single dose or exposure)

● Chronic toxicity  (multiple doses over time)

● Teratogenicity (ability to cause birth defects)

● Mutagenicity (ability to cause changes in genes)

● Carcinogenicity  (ability to cause cancer)

● Reproductive effects over multiple generations

● Tissue changes



Long-term effects on tissues and reproduction 

are evaluated as the laboratories look for 

changes in or effects on:

• Spermatogenesis (sperm production)

• Number of conceptions (pregnancies)

• Litter Size & Weights

• Premature Births, Still-Births, Deformities

• Offspring Growth Rate

• Behavior

• Necropsy & Histopathology:   1,000 test animals and 

43,000 tissues examined for tissue changes

• Changes in blood parameters



Let’s take a closer look at toxicity 



Pesticide Toxicity
Standard Protocols are Followed

• Pesticides are tested to determine how much 

is required to kill 50% of a test population 

• ( rats, birds, fish, bees, aquatic organisms etc.)

• Tests are also conducted to evaluate  harm 

from inhalation,  skin absorption and effects 

of exposure on eyes.



LD50

L = Lethal

D = Dosage

50 = 50% of test population 

exposed die



LD50

• In mg/kg body weight

• Varies by substance

• Varies by species

• May vary by sex

• Estimated for humans



Risk = Toxicity x Exposure





Botox

• Botox is a toxin produced by the bacteria 

Botulinum.  

• It has an LD-50 of 0.00001 mg/kg of body 

weight, making it one of the most toxic 

substances in the world.



Acute Rat Oral LD50 Mg/Kg 

Even sugar has an LD50:

Sucrose (sugar)

29,700 mg/kg





Where Can You Find Toxicity Data?

Reliable, Accurate Sources

• Material Safety Data Sheets (MSDS) on the CDMS 
website.

• FOOTPRINT  PPDB website (England)

• E-Pesticide Manual (England)

• ExtoxNet Website - Caution

• Websearch – Beware!



Cautions:

The MSDS provides toxicity data on 

the full-strength active ingredient.

AND

Information provided on some 

websites may be distorted,  

inaccurate, or out-dated.



Examples (Test)



Acute Rat Oral LD50 Mg/Kg 

(from least toxic to most toxic)
Glyphosate (a.i. in Roundup) > 5,000

Clove oil 3,720

Acetic acid 3,310

Sodium chloride (salt) 3,000

Sodium laurel sulfate 1,300

Aspirin 1,000

Triclopyr (a.i. in Garlon) 577+

Caffeine 192

Nicotine 53

Methamidiphos

(a.i. in Monitor insecticide) 13

Botox 0.00001



The Dose Makes The Poison

Approximate Lethal Doses:

Caffeine in 100 cups of strong coffee

Solanine in 100-400 lbs of potatoes

Oxalic Acid in 10-20 lbs of spinach or rubarb

Aspirin in a bottle of 100 tablets



NOTE:

The higher the LD-50, the lower the toxicity.  

(It takes more of the product to kill half the test 

population.) 



But remember…

The LD-50 or LC-50* tells you the toxicity 
of the active ingredient.  However, in the 
pesticide products you buy, the active 
ingredient is mixed with “inert ingredients”
and sometimes other active ingredients:

*Lethal concentration (in water)



Roundup Pro    vs.    Burnout II

Roundup Pro –

Contains 41% glyphosate

Burnout II –
Contains 3% sodium laurel 
sulfate and 4% clove oil



And...
That may be diluted again before you use it.

Roundup Pro (a.i. glyphosate) is

diluted for spraying weeds (usually to

a ½ to 2% solution) 

and

applied at a rate of

1 to 5 quarts of Roundup Pro/acre.  

One application needed

Testing comparison showed 95% weed control.



BUT….

Burnout II  (a.i.s sodium laurel sulfate 
and clove oil, advertised as “Nature’s 
Alternative to  Roundup”): 

is used full strength

at an acre equivalent of 

72 gallons per acre.

And 3 applications were needed, 

totalling 216 gallons per acre.

Testing comparison showed only 62% weed 
control



So on each acre equivalent….

• You would apply between less than a half a quart to just 
over 2 quarts of the a.i. glyphosate (LD50 >5,000)

• But you would apply about 6.48 gallons of the a.i. sodium 
laurel sulfate (LD50 1,300), and 8.64 gallons of  the a.i.  
clove oil (LD50 3,720) …..  

…..making that “natural alternative” over 30

times more toxic than Roundup Pro as applied in the 

environment.



AND……

Burnout II also contains vinegar 
(dilute acetic acid-- LD50 3,310)

as an 

“Other Ingredient”



One more point

We don’t know what kind of effects that much sodium 
laurel sulfate and clove oil would have in the environment 

EPA lists sodium laurel sulfate and clove oil as “generally 
considered safe” and they don’t regulate them as 
rigorously as registered pesticides.

No testing has been done on their effects on bees and 
wildlife, on other non-target effects, or on how long they 
persist  in the environment.  We don’t have any data!!.  



Chronic Toxicity

• No observable effects level (NOEL).  Threshold

• 10-fold margin of safety built in for “unknowns”

• Additional 10-fold margin of safety built in for 

individuals with greater sensitivity (e.g. young 

children, elderly)

• I.e. there is a 100 fold protection factor built into 

the product label as to how the pesticide is 

marketed and used.



So what you have is a 100-fold 

margin of safety.  BUT….

• That margin of safety depends on you following 
the label, including: 

– correct application rate

– protective clothing

– restricted entry interval



What about other concerns, like 

groundwater contamination?





Factors Affecting  Pesticide Mobility
(Potential for Groundwater and/or Surface 

Water Contamination)

Rainfall and evaporation:   In the Southwest, 

evaporation exceeds rainfall much of the year

Depth to groundwater.

Soils :  Sandy soils, as found in river valleys, facilitate 

movement down; clay soil layers reduce movement.  



Factors Affecting  Pesticide Mobility
(Potential for Groundwater and/or Surface Water Contamination)

How well the pesticide binds with soil:  Koc.*

Pesticides with high Koc can bind strongly with soils and 

are unlikely to move laterally or downward.  E.g.

Glyphosate (a.i.. in Roundup) Koc 24,000

Fluazifop-p-Butyl (a.i. in Fusilade)  Koc 5,700

Pesticides with low Koc may move readily.  E.g.

Triclopyr amine:  (a.i. in Garlon 3A Koc 20

Picloram (a.i. in Tordon 22K: Koc 16

*  The “chemical-specific organic carbon partition coefficient”



Examples: Herbicide Koc

• Glyphosate 24,000

• Triclopyr Amine:    20          Ester:  780

• 2,4-D Amine     20          Ester:  100

• Dicamba 2

• Picloram 16

• Imazapyr 8.81

• Imazapic 206

• Aminopyralid 10.8

• Clopyralid 6



Factors Affecting  Pesticide Mobility 
(Potential for Ground- and/or Surface-Water Contamination)

Soils:  Organic matter (decomposed plants) supports bacteria 

that break pesticides down.  

Solubility in Water:  How much of a substance can be 

dissolved in water.  Eg.:

Triclopyr  amine: 430 (soluble)

Triclopyr  ester : 23 (not very soluble)

2,4-D Amine: 796,000 (extremely soluble)

2,4-D Ester:    100 (not very soluble)

Clopyralid 300,000 (extremely soluble)



Factors Affecting Potential for Groundwater 

Contamination

• Pesticide persistence (half-life):

How long it will remain in the environment.   

Half-life is the time in which half of a pesticide (the a.i.) is 

broken down.  

Most pesticides break down in the environment eventually. 

Exceptions include some “organic” pesticides 

such as copper and sulphur which remain 

permanently in the environment and accumulate.)



Examples: Herbicide Half-Life*

• Glyphosate Avg. 47 days

• Triclopyr Avg. 46 days

• 2,4-D < 7 days

• Dicamba 28 days

• Picloram 20 to 300 days (Avg. 90 days)

• Imazapyr 30 to 150 days (2 days in sun)

• Imazapic 31 to 410 days (Typical 120 days)

• Aminopyralid 35 days 

*Half-life less than 30 days: Non-persistent

Half-life 30 to 100 days – Moderately persistent

Half-life more than 100 days - Persistent



Half-life is important 

because….



The longer a mobile pesticide remains in 

the environment, the more likely it is to 

have non-target impacts, 



Where Can You Find Data on Koc, 

Solubility, and Half-life? 

Best Web Source I’ve Found: 

Footprint PPDB Website

Search “Footprint Pesticides Database”

click on the British Flag at the left.



Water pH Effects on Pesticides
Examples:

• Glyphosate:  Most effective at pH 5-5.5; Less 

effective as water alkalinity increases.

• Sulfonylurea herbicides work better when more 

alkaline.  Decreasing pH reduces solubility and 

herbicidal activity.

• Carbaryl (insecticide)  Half-life affected by pH

– 100-150 days at pH of 6

– 2-3 days at pH of 8



Use Adjuvants and Diluents Correctly

• Use recommended adjuvant types only.

• Know the pH of the water your are mixing your 

pesticide with, and adjust with a buffer if it will 

improve performance (e.g. Roundup; Sevin)

• Don’t use acidifying agents with sulfonylurea 

herbicides (like Oust, Plateau)



:

When You Plan to Use a Pesticide

you need to :

• Verify that the pesticide can be used in the target site.

• Verify the pesticide and the product is the most effective for 
the target pest(s) 

• Apply at the time of year when it will be most effective.

• Evaluate the pesticides you are considering using for:  

– Toxicity as applied in the environment

– Application rate / a.i. or a.e. per acre

– Persistence in the environment (half-life)

– Mobility  (Solubility and Koc)



Use Low-Impact Application Methods

• Know your herbicides and use the safest effective one for 
the job and the site.  Use recommended application rates.

• Cut stump applications for trees.  Apply immediately.

• Oil-basal (to bottom 12”-18” of stems) for small trees and 
shrubs.

• Rosette applications – fall/early spring  (if best timing for 
species)

• Thinvert System applications using back-pack sprayers

• Time all applications seasonally for best results.



SAFE AND EFFECTIVE USE OF 

PESTICIDES 

DEPENDS ON YOU!

NEVER exceed the application rate 

indicated on the label for your particular 

application, site, and species



READ THE 

LABEL



UNDERSTAND

THE

LABEL 



FOLLOW INSTRUCTIONS

ON THE LABEL



Questions?



April Fletcher 

Invasive Species Coordinator

Division of Resource Management

U.S. Fish and Wildlife Service

(505) 248-6632

April_Fletcher@fws.gov


