
5 
 

INSECTICIDE TOXICITY 
 

 All insecticides are classified as poisons, although there is considerable variation in their degrees of toxicity to warm-blooded 
animals and fish.  Toxicity refers to the degree to which a specific chemical is poisonous to animals.  Toxicity is classified as acute 
(severe, immediate toxicity) or chronic (long-term).   
 Poisoning from insecticides can occur through the eyes, ears, mouth and nose (oral), lungs (inhalation) and/or skin (dermal).  
Storing, handling, mixing, loading and applying insecticides and working in treated areas inherently poses occupational hazards from 
poisoning, especially poisoning via inhalation and skin contamination.  All insecticide labels have language relating to worker safety, 
specifically the Worker Protection Standard, 40 CFR part 170.  This information can be found in the AGRICULTURAL USE 
REQUIREMENTS section at the beginning of the label.  The language in this section contains the restricted entry interval (REI), posting 
requirements for treated areas and the minimum personal protective equipment (PPE) required for permitted early entry into treated 
areas.  For more information on the Worker Protection Standard, please visit the EPA website at: 

http://www.epa.gov/agriculture/twor.html 
 Additionally, labels carry PRECAUTIONARY STATEMENTS language that must be followed regarding PPE when handling, 
mixing, loading and/or applying pesticides.  Labels also carry an ENVIRONMENTAL HAZARDS section, which contains language 
relating to application to or near surface water and other environmentally sensitive areas, spray drift and runoff language, and bee 
exposure language.  DIRECTIONS FOR USE, PHYSICAL AND CHEMICAL HAZARDS, and STORAGE AND DISPOSAL sections 
provide additional safety language.  Labels also carry a FIRST AID section describing what steps need to be taken in case of exposure. 
 Insecticide labels carry signal words indicating human toxicity.  Tests used to determine insecticide toxicity involve laboratory 
animals.  Toxicity is most commonly expressed as LD50, which means the lethal dose required to kill 50 percent of the test animal 
population.  The amount of material needed to produce a lethal dose is expressed as milligrams of toxicant per kilogram of live animal 
weight (mg/kg).  LD50 values are determined for oral, inhalation, and dermal poisoning.  Specific toxicological information for a pesticide 
is given in its Material Safety Data Sheet (MSDS).  The table below gives the EPA toxicity categories, signal words and acute oral 
LD50 values for each toxicity catergory. 
 

Category Toxicity Signal Word Acute Oral LD50 
1 Highly toxic Danger-Poison (accompanied by 

skull and crossbones) < 50 mg/kg 

2 Moderately toxic Warning 50 to 500 mg/kg 
3 Slightly toxic Caution 501 to 5,000 mg/kg 
4 Low toxicity Caution > 5,000 mg/kg 

 
Pesticide Poison Information 

Toll-Free Number (800) 222-1222 
 

THE EFFECT OF WATER PH ON INSECTICIDES 
 

 An important consideration in the application of insectides is the pH of the water to be used for spraying.  This is particularly 
important for carbamate and organophosphate insecticides.  When mixed with water, the active ingredients undergo a process called 
alkaline hydrolysis.  If left in the solution too long, including while in the spray tank and in spray droplets, these chemicals will degrade 
and become ineffective.  For these chemicals, a buffering agent should be added to the water to adjust the pH to the proper level.  
Buffering effects occur until the water in the applied spray droplets has evaporated. 
 Values for pH are given on a scale from 1 to 14, with 1 being most acidic and 14 being most basic.  A pH of 7 is considered 
neutral.  Water pH values in the Red River Valley are slightly basic (pH around 8 - 8.2).  The pH of the water being used for spraying 
should be tested with an electronic pH meter.  Do not use paper testing strips, as these can be inaccurate. 
 The table below gives the optimum pH values for the spray tank water to be used for common insecticide active ingredients, 
as well as the half-life for each at different pH levels and whether a buffering agent should be used.  Buffering agents can be obtained 
from your chemical supplier.  Another important consideration is whether the insecticide will be tank-mixed with an herbicide or 
fungicide.  Herbicides and fungicides also have optimum pH values, and some of these may be incompatible with some insecticides.  
Fixed copper fungicides and lime or lime sulfur should not be buffered, as plant injury can result. 
 

Half-life of Some Commonly Used Insecticides at Different Water pH 
 

    Half-life for Given pH at 25°C in Pure Water 
Insecticide Active 

Ingredient 
Example Trade 

Name 
Buffering 
Advised 

Optimum 
pH 9.0 8.0 7.0 5.0 4.0 

abamectin Epi-Mek 0.15EC  7.0 Stable  Stable Stable  
acephate Acephate 97UP  7.0 16 d  46 d 40 d  
acetamiprid Assail 30SG  7.0 Stable  Stable Stable  
beta-cyfluthrin Baythroid XL  7.0 17 h  Stable Stable Stable 
bifenthrin Bifenture EC  7.0 Stable  Stable Stable  
carbaryl Sevin 4F ● 7.0 3.2 h  12 d Stable  
chlorantraniliprole Coragen  7.0 < 10 d  Stable Stable  

http://www.epa.gov/agriculture/twor.html
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chlorpyrifos Lorsban 4E  7.0 16 d  35 d 63 d  
clothianidin Belay  7.0 Stable  Stable Stable  
cyfluthrin Tombstone  7.0 2 d 4 d Stable Stable  
deltamethrin Delta Gold  7.0 2.5 d 31 d Stable Stable  
dimethoate Dimate 4E ● 7.0 4 d  68 d 156 d  
esfenvalerate Asana XL  7.0 Stable  Stable Stable  
gamma-cyhalothrin Declare  7.0 9 d  Stable Stable  
imidacloprid Admire Pro  7.0 Stable  Stable Stable  
indoxacarb Steward EC  7.0 1 day  38 d 30 d  
lambda-cyhalothrin Warrior II  7.0 9 d  Stable Stable  
malathion Malathion 57EC ● 5.0 5 h 19 h 3 d 150 d  
methomyl Lannate LV  7.0 Stable  Stable Stable  
naled Dibrom ● 5.0 1.6 h  15.4 h 4 d  
oxamyl Vydate ● 5.0 3 hrs  8 d Stable  
permethrin Arctic 3.2EC  7.0 242 d  Stable Stable  
phosmet Imidan 70W ● 5.0 4 h  18 h 9 d  
spinosad Spintor 2SC ● 7.0 Stable  Stable 12 h  
thiamethoxam Actara  7.0 2 d  29 d  14 d 
zeta-cypermethrin Mustang Maxx  7.0 2 d  Stable Stable  

d = days, h = hours 
 

MANAGING INSECTICIDES TO PREVENT GROUNDWATER CONTAMINATION 
 
 The potential for insecticide movement into groundwater exists wherever insecticides are used, but the extent varies with the 
chemical nature of the insecticide, physical soil characteristics and other factors such as volatilization (with subsequent loss to the 
atmosphere), decomposition, soil retention and transport by water.  Volatilization, decomposition and soil retention reduce the total 
amounts of insecticides available for downward movement.  Transport by water relates to the movement of insecticides with soil water. 
 The amount of insecticide applied affects the potential for groundwater contamination.  The potential movement to 
groundwater of relatively mobile water-soluble insecticides may be much increased where large amounts have entered the soild, such 
as areas used for tank filling, rinsing and equipment washing.  These practices should be carried out on concrete or other impermeable 
pads, and the liquid should be collected for disposal. 
 Organophosphorous, carbamate, pyrethroid and neonicotinoid insecticides present a wide spectrum of physiochemical 
properties and agricultural uses.  Breakdown of insecticides in soil is caused by hydrolysis from water and microbes, and by reaction 
with light (photolysis).  Soil half-life is greatly affected by physical properties of the soil, such as soil type, the amount of organic matter 
in the soil, the amount of water in the soil column, and soil pH.  For example, the half-life of chlorpyrifos in soil typically ranges from 60 
to 120 days, but can be as low as two weeks or as long as one year. 
 Neonicotinoids are a relatively new class of insecticides, and may be applied as foliar sprays and/or seed treatments.  
Generally, neonicotinoids are highly mobile and relatively persistent in soil.  However, plant uptake of neonicotinoids used as seed 
treatments and foliar sprays reduces the potential for groundwater contamination. 
 The following table gives the relative persistence and mobility of some insecticides commonly used in North Dakota.  Bear in 
mind that the persistence and mobility classification assigned to each insecticide is approximate because environmental variation will 
influence persistence and mobility.  Whenever several insecticide options exist for the pest/site to be treated, this information will help 
pesticide users and advisors select the insecticide that presents the least potential for groundwater contamination.  More information on 
the environmental fate of insecticides can be found at: 

FAO specifications and evaluations for plant protection products:  http://www.fao.org 
Extension Toxicology Network:  http://pmep.cce.cornell.edu/profiles/extoxnet 

 
Relative Persistence and Mobility of Insecticides in Soils 

 
AI Persistence1 Mobility2 

abamectin L NI 
acephate M VM 
acetamiprid L MM 
beta-cyfluthrin L NI 
bifenthrin M NI 
carbaryl L NI 
chlorantraniliprole M VM 
chlorpyrifos L NI 
clothianidin M SM 
cyfluthrin L NI 
deltamethrin L NI 
dimethoate L MM 
esfenvalerate M I 

fipronil M SM 
gamma-cyhalothrin M NI 
imidacloprid M MM 
indoxacarb M NI 
lambda-cyhalothrin M NI 
malathion L NI 
methomyl L SM 
naled L SM 
oxamyl L VM 
permethrin L I 
phorate L NI 
phosmet L NI 
spinosad L I 
tefluthrin L NI 
terbufos M SM 
thiamethoxam M VM 

http://www.fao.org/
http://pmep.cce.cornell.edu/profiles/extoxnet
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zeta-cypermethrin M NI 
1 L = low persistence; M = moderate persistence 
2 I = immobile; NI = nearly immobile; SM = slightly 
mobile; MM = moderately mobile; VM = very mobile 

 
Summary of Groundwater Contamination Potential as 

Influenced by Pesticide, Water and Soil Characteristics 
 

 Low Risk High Risk 
Pesticide 
Characteristics 

  

   water solubility low high 
   soil adsorption high low 
   persistence low moderate to high 
   
Soil Characteristics   
   texture fine clay coarse sand 
   organic matter high low 
   macropores few, small many, large 
   water table deep (20+ 

ft) 
shallow (< 10 ft) 

Water Volume   
   rain/irrigation small 

volumes at 
large volumes at 
frequent intervals 

infrequent 
intervals 

 
Measures to protect groundwater from pesticides generally 
involve the following: 

• Reduce the quantity of pesticide used 
• Use pesticides with low soil leaching potential 
• Use pesticides that have low persistence 
• Avoid application if conditions favor leaching 
• Prevent spills which can leach to groundwater 
• Prevent back-siphoning to water source 

 
Protecting Your Groundwater Through Farmstead 
Assessment:  There are several NDSU Extension 
publications, which address the issue of protecting 
groundwater from agricultural pesticides.  Access to these 
circulars can be found at: 

https://www.ag.ndsu.edu/publications/environment-natural-
resources/a-guide-to-plugging-abandoned-wells 

 
https://www.ag.ndsu.edu/publications/environment-natural-

resources/protecting-groundwater-from-pesticide-
contamination

 
NORTH DAKOTA FIELD POSTING REQUIREMENTS 

 
 Effective July 1, 2004, North Dakota no longer has additional posting requirements for pesticides that are more demanding 
than federal labeling requirements.  However, all pesticides that require posting on the label under the Worker Protection Standard 
must be posted according to the Worker Protection Standard. 
 

REPORTING DAMAGE DUE TO PESTICIDE APPLICATIONS 
 
Effective April 3, 2007 
 
AN ACT to create and enact a new section to chapter 4-35 of 
the North Dakota Century Code, rleating to notification of 
alleged pesticide damage; to repeal sections 4-35-21, 4-35-
21.1, and 4-35-21.2 of the North Dakota Century Code, relating 
to reports of loss resulting from pesticide application; and to 
declare an emergency. 
 
A new section to chapter 4-35 of the North Dakota Century 
Code is created an enacted as follows: 
 
Pesticide Application, Alleged Property Damage, Notification of 
Applicator. 
 
1. a.  Before a person may file a civil action seeking 
reimbursement for property damage allegedly stemming from 
the application of a pesticide, the person shall notify by 
certified mail the pesticide applicator of the alleged damage 
within the earlier of: 
(1)  Twenty-eight days from the date the person first knew or 
should have known of the alleged damage; or 
(2)  Before twenty percent of the crop or field allegedly 
damaged is harvested or destroyed. 
1. b.  Subdivision (a) does not apply if the person seeking 
reimbursement for property damage was the applicator of the 
pesticide. 

2.  Upon notifying the applicator as required under subsection 
1, the person seeking reimbursement for the alleged property 
damage shall permit the applicator and up to four 
representatives of the applicator to enter the person’s property 
for the purpose of observing and examining the alleged 
damage.  If the person fails to allow entry, the person is barred 
from asserting a claim against the applicator. 
 
SECTION 2.  REPEAL.  Sections 4-35-21, 4-35-21.1, and 4-
35-21.2 of the North Dakota Century Code are repealed. 
SECTION 3.  EMERGENCY.  This Act is declared to be an 
emergency measure. 
 
Further inquiries shoud be directed to: 
 
North Dakota Department of Agriculture 
State Capitol Building 
Bismarck, North Dakota 58505 
Phone: 1-800-242-7535 
 
https://www.nd.gov/ndda/ 
 

 

https://www.ag.ndsu.edu/publications/environment-natural-resources/a-guide-to-plugging-abandoned-wells
https://www.ag.ndsu.edu/publications/environment-natural-resources/a-guide-to-plugging-abandoned-wells
https://www.ag.ndsu.edu/publications/environment-natural-resources/protecting-groundwater-from-pesticide-contamination
https://www.ag.ndsu.edu/publications/environment-natural-resources/protecting-groundwater-from-pesticide-contamination
https://www.ag.ndsu.edu/publications/environment-natural-resources/protecting-groundwater-from-pesticide-contamination
https://www.nd.gov/ndda/
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