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Abstract: Government regulators of agricultural pesticides use multidisciplinary computer 13 
models with which they make product licencing decisions. Hydrology engineering and chemistry 14 
components are integrated into the multidisciplinary models. Although the scientific quality of 15 
the hydrology components is reasonably good, the scientific quality of the chemistry component 16 
does not match this good quality. These models often use chemically meaningless parameters 17 
and assumptions that are not supported by experiments. During the past 25 years chemical 18 
kinetics and mechanisms based on experiments and stoichiometry have been published for most 19 
agricultural pesticides in soil and water. Thus, the chemistry components should now be replaced 20 
with those that use the kinetics and mechanisms currently available. They should next be 21 
continuously upgraded as the chemical mechanisms research evolves. 22 
 23 
Keywords: soil physical chemistry soils; pesticide soil stoichiometry; pesticide soil kinetics; 24 
pesticide regulatory flaws 25 
 26 
1. Introduction 27 
 28 
 Regulatory agencies in North America, the United Kingdom, and the European Union use 29 
multidisciplinary computer models for the regulation of agricultural pesticides. The PRZM GW 30 
(pesticide root zone model, groundwater) model is an example. More than three dozen of these 31 
models have been reported, used for predicting the risk of pesticides to groundwater. They are 32 
based mainly on hydrology engineering but attempt to account for the chemical effects of soils 33 
on the pesticides. The multinational corporations that market agricultural pesticides submit 34 
applications with test data, for product registration. Licences for the sale and use of the pesticides 35 
depend on the submitted test data and computer predictions used by the regulatory agencies. 36 
However, the legally binding decisions are only as good as the model predictions. The safety of 37 
both people and their environment ultimately depends on the quality of the science from which 38 
the regulatory technology is derived. The hydrology and chemistry components of the computer 39 
models are discussed here. 40 
 41 
2. Pesticide regulatory practice 42 
 43 
 The pesticide regulatory technology used by government regulators in collaboration with 44 
industry is multidisciplinary. Its central components are hydrology engineering and chemistry. 45 
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They are integrated into computer models. These components are briefly described below: 46 
 47 
a) Hydrology component: some progress 48 
 The hydrology components of the models solve differential equations that account for 49 
rainfall, temperature, and soil porosity on the gravitational leaching of the water that can 50 
transport pesticides. Hydrology engineers have used both laboratory packed columns and field 51 
trials for their development [1]. Reasonably good mathematical descriptions of the hydrology 52 
processes have been produced [2]. 53 
 54 
b) Chemistry component: Experiments published but not used 55 
 Experiments show what actually happens when pesticides escape int soil and water [3]. 56 
Fig. and 2 show examples of total pesticide experimentally resolved into labile sorbed, 57 
chemically reacted, and intraparticle diffusion fractions. This is required for kinetics and 58 
mechanisms calculations. 59 

Fig. 1. The herbicide atrazine in a soil from New Brunswick, Canada. Experimental conditions: 60 
Initial Concentration, 5.0 X10-5 M; Soil Mass 0.5 g; volume 25 mL; 25.0 ̊C. 61 
 62 
 63 
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Figure 2. The herbicide atrazine in a soil from the Agriculture & Agri-Food Canada farm, 64 
Ottawa, Canada. Experimental conditions: Initial Concentration, 8.0 X10-6 M; Soil Mass 0.5 g; 65 
volume 25 mL; 10.0 ̊C. 66 
 67 
Chemical kinetics are usually described with kinetic rate constants. A comprehensive review has 68 
reported, however, that the reactions of chemicals with soil components give Langford kinetic 69 
rate coefficients [3]. Like the examples in Fig. 3, they decrease with reaction time. Experimental 70 
limits for labile sorption sites were also found [3]. Those limits help to define the chemical 71 
stoichiometries that are needed for the chemical kinetics equations [4]. 72 
 73 
 74 
 75 
 76 
 77 
 78 
 79 
 80 
 81 
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Figure 3. the herbicide atrazine in montmorillonite clay.  Experimental conditions: Initial 82 
Concentration, 1.0 X10-6 M; Soil Mass 0.51 g; volume 25 mL; 25.0 ̊C. The loss was caused by a 83 
chemical reaction. 84 
 85 
c) Chemistry component: misinformation published and used 86 
 The experimentally revealed facts referred to above should have been used for the 87 
chemistry component. That is not what has happened. For 50 years pesticide soil investigators 88 
measured the wrong variables, used the wrong units, calculated the wrong parameters, and 89 
ignored chemical stoichiometry [5]. Independently of each other, two reviews reported what was 90 
wrong with that [6,7]. Authors, reviewers, editors, and regulatory agencies all avoided citing 91 
those two reviews. They also ignored the issues that they raised. Instead, the incorrect 92 
assumptions and parameters were put into the chemistry component[8]. The wrong assumptions 93 
are listed here. 94 
 95 
#1  Dynamic processes like those in Fig. 1 and 2 could be represented by equilibrium 96 

parameters. 97 
#2  Chemical stoichiometry could be ignored in the use of parameters and kinetics equations 98 

for physical chemical processes. 99 
#3  Physical chemical mechanisms could be described without the use of chemical units. 100 
#4  All of the processes could be lumped together for one overall kinetics description. 101 
#5  Second order kinetics could be ignored for sorption which has two reactants. 102 
#6  Kinetic rate coefficients are constants and can be represented by half lives. 103 
#7 The effects of humic materials could be accounted for without the types and amounts of 104 

oxygen bearing functional groups being specified. 105 
 106 
These are the wrong parameters. 107 
#1 Distribution coefficients kD; wrongly assumes equilibrium and not consistent with the 108 

law of mass action; no chemical units, which prevented the use of chemical 109 
stoichiometry. 110 

#2  Distribution constant kOC; the problems of kD plus the chemistry of humic materials was 111 
ignored. 112 

#3 Kinetic half lives t½ ; wrongly assumed that the kinetic rate coefficients were constant; 113 
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used only for all of the reactions and processes lumped together. 114 
 115 
 The incorrect chemistry component of multidisciplinary models has consequences. 116 
Government regulatory agencies make legally binding pesticide decisions based on computer 117 
predictions that can be wrong by 1 to 3 orders of magnitude [5]. 118 
 119 
3. Chemistry component reform 120 
 121 
 The progress reported to date for the chemistry component has only scratched the surface. 122 
Some physical chemistry topics have emerged that need the attention of chemists. Here is a list. 123 
 124 
#1 Labile sorption capacities θC and kinetic rate coefficients are key experimental parameters 125 
that should be used to characterize the types of materials found in soils. They include clays, 126 
metal oxides, and humic materials. There are homologous series of clays. Metal oxides can be 127 
crystalline or amorphous. Humic materials have ionized and unionized carboxyl groups, quinone 128 
structures, and other oxygen bearing groups. 129 
#2 The parameters θC and kinetic rate coefficients should be related to the sizes, shapes, and 130 
electron density maps of pesticide molecules. 131 
#3 The effects of soil catalysts on θC and kinetic rate coefficients are unknown. The catalysts 132 
might include H+, carboxyl groups, metal oxides, and enzymes. 133 
#4 The temperature dependence of θC has been reported for only one case [3]. A systematic 134 
temperature study is needed for θC and kinetic rate coefficients. 135 
#5 The saturation of labile sorption sites affects the kinetics and mechanism. This needs a 136 
systematic investigation. 137 
 #6 Initial sorption is too fast for the experimental methods, which produce incomplete data for 138 
the first 10 to 30 minutes of kinetic runs. Better methods need to be developed or adapted for the 139 
first 30 minutes. 140 
#7 The analytical chemical methods reported for the kinetics experiments need to be improved, 141 
with the use robotic sample handling and mass spectrometry detection. 142 
 143 
 A dozen predictive spreadsheet models have been created using experiments referred to 144 
above. The experiments support conventional chemical kinetics. One of the models has been 145 
published [4]. More realistic chemistry components could be integrated with the hydrology to 146 
make multidisciplinary models. Government regulators could then base legally binding decisions 147 
on better computer predictions. 148 
 149 
4. Conclusions 150 
 151 
  Government regulators of agricultural pesticides base legally binding decisions on 152 
computer predictions. The multidisciplinary computer models used for this have two integrated 153 
components. One is hydrology engineering and the other is chemistry. The good scientific 154 
quality of the hydrology engineering component is not matched by the quality of the chemistry 155 
component. They often use chemically meaningless parameters and assumptions not based on 156 
experiments. Kinetics and mechanisms models that are based on conventional chemical kinetics, 157 
stoichiometry, and experiments have been published for pesticides in soil and water. The 158 
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chemical components should now be prepared with these concepts and methods, and integrated 159 
with the hydrology engineering in new types of multidisciplinary models. 160 
 161 
 162 
Acknowledgments 163 
 The administrative support of Saint Mary’s University, Halifax Nova Scotia, Canada 164 
made this work possible. 165 
 This research did not receive any specific grant from funding agencies in the public, 166 
commercial, or not-for- profit sectors. 167 
 168 
References 169 
 170 
1. Van Genuchten MT: A closed form equation for predicting the hydraulic 171 

conductivity of unsaturated soils. Soil Sci Soc Am Proc 1980, 44:892–898. 172 
2. Leonard RA, Knisel WG, Still DA: GLEAMS: Groundwater loading effects of 173 

agricultural management systems. Trans ASAE 1987 ,30, 1403–1418. 174 
3. Gamble DS: Discoveries leading to conventional chemical kinetics for pesticides in 175 

soils: A review. Adv Agron 2013, 120, 381–4162. 176 
4. Gamble DS, Webster GRB, Lamoureux M: Pesticide reaction mechanism in soil: an 177 

interactive spreadsheet model based on conventional chemical kinetics. J Environ 178 
Monit 2012, 14, 1166–1172. 179 

5. Gamble DS, Bruccoleri AG: Pesticide regulations for agriculture: Chemically flawed 180 
regulatory practice. J Environ Sci Health Part B 2016, 51, 571–577. 181 

6. Sitea AD: Factors affecting sorption of organic compounds in natural sorbent water 182 
systems and sorption coefficients for selected pollutants. A review. J Phys Chem Ref 183 
Data 2001, 30, 187–439. 184 

7. Yeh S, Linders JBHJ Kloskowski R, Tanaka K, Rubin B, Katayama A, Kordel W, Gerstl 185 
Z, Lane M, Unsworth JB: Pesticide soil sorption parameters: theory, measurement, 186 
uses, limitations and reliability. IUPAC Project, No. 640/43/97. Soc Chem Ind 2002, 187 
58, 419–445. 188 

8. Chen W, Sabljic A, Cryer SA, Kookana RS, Editors: Non-first order degradation and 189 
time-dependent sorption of organic chemicals in soil. American Chemical Society, 190 
Oxford University Press, Washington, DC, 2014. 191 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

HIGHLIGHTS 
 

$ Soils are physically and chemically irregular unstable mixtures. 
 
$ Conventional chemical kinetics are applied to pesticide reaction mechanisms in soils. 
 
$ Chemically incorrect technology for the regulation of agricultural pesticides is used. 
 
$ Research results should be improved for correct regulation of agricultural pesticides. 


