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AGRICHEMICAL SPRAY DRIFT AND ODOUR 

 

by J.N. Brown 

 

 

Many agrichemical sprays, in particular some herbicides and insecticides, result in a 

strong odour when applied by either ground or aerial spraying techniques.  This odour 

may be evident downwind from the application site for several hundreds of metres or 

even kilometres.  The detection of the odour alerts people to the presence of chemicals 

in the air, and in many cases those affected think that they are being exposed to harmful 

levels of the active ingredient of the spray.  The purpose of this study was to investigate 

the levels of odour generated during the application of several common herbicides, the 

level of exposure of the general public when the odours are detected, and the potential 

risk of adverse health effects resulting from that exposure.  In addition, the hypothesis 

that the majority of the odour associated with many agrichemicals is due to 

manufacturing impurities and/or additives in the commercial formulations was tested. 

 

Commercial formulations of 2,4-dichlorophenoxyacetic (2,4-D) acid in the form of the 

butyl ester (2,4-D butyl ester), ethylhexyl ester (2,4-D ethylhexyl ester) and 

triethanolamine salt (2,4-D amine) were studied because of current concerns regarding 

their use.  A common alternative, 4-methyl-2-chlorophenoxyacetic acid (MCPA) was 

also studied.   

 

A commercial formulation of 2,4-D ethylhexyl ester was used to test the hypothesis that 

the majority of the odour associated with many agrichemicals is due to manufacturing 

impurities and/or additives.  Using dynamic dilution olfactometry, pure 2,4-D 

ethylhexyl ester was determined to be odourless.  2,4-dichlorophenol, which has an 

intense odour, was identified as a manufacturing impurity in the formulation.  An 

estimate of its odour threshold (1.95 ppb) was measured using the technique of dynamic 
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dilution olfactometry.  Other significant odorants in the formulation were iso-octanol 

and an aromatic solvent.  The aromatic solvent is responsible for the majority of the 

odour associated with the 2,4-D ethylhexyl ester formulation, assuming no significant 

masking or synergistic effects between the odorants. 

 

The odour concentrations generated from the spraying of the herbicides under simulated 

aerial application conditions were measured using dynamic dilution olfactometry.  The 

mean odour concentrations for 2,4-D ethylhexyl ester (22,350 OUc/m3) and MCPA 

(23,400 OUc/m3) were about 2-fold higher than the values for 2,4-D butyl ester 

(12,070 OUc/m3) and 2,4-D amine (10,000 OUc/m3).  Chemical analysis of the odours 

determined that the calculated level of airborne active ingredient when the odour of 

each herbicide was “just detectable” (the odour threshold) were all lower than 

0.2 g/m3. 

 

The calculated odour safety factor between the concentration of active ingredient at the 

odour threshold for each herbicide and its Threshold Limit Value - Time Weighted 

Average were all high and of a similar magnitude, ranging from 58,100 for 2,4-D butyl 

ester to 80,600 for MCPA.  It was concluded that detection of faint or even strong 

odours from the herbicides as a result of spray drift will not result in exposures of 

toxicological significance to members of the public. 
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Chapter 1   
INTRODUCTION 

1.1 Background 

Agrichemical spray drift, or the movement of agricultural chemicals into non-target 

areas, is a significant environmental issue in New Zealand.  Numerous complaints from 

members of the public to government agencies, health authorities, and district, city and 

regional councils have been made regarding this issue (Parliamentary Commissioner for 

the Environment, 1993; Northland Regional Council, 1995).  Aerial spraying appears to 

be of greater concern than ground based spraying and results in a larger number of 

complaints (Taylor, 1996).  This may be largely due to the high visibility of aircraft and 

the noise associated with them, particularly helicopters. 

 

Many agrichemical sprays, in particular some herbicides and insecticides, result in a 

strong odour when applied by either ground or aerial spraying techniques (Kilgore et al., 

1984; Holland and Maber, 1992).  The odour may be evident downwind from the 

application site for several hundreds of metres or even kilometres (Parliamentary 

Commissioner for the Environment, 1993).  The detection of the odour alerts people to 

the presence of chemicals in the air, and in many cases those affected think that they are 

being exposed to harmful levels of the active ingredient of the spray (Baker and Selvey, 

1992; Sheridan, 1995; Watts, 1995).  It is postulated that on most occasions when the 

odour of an agrichemical spray is detected it is largely caused by constituents 

(impurities and emulsifiers) other than the active ingredient in the spray mixture.  It is 

also postulated that the airborne concentration of the active ingredient is well below the 

levels required to cause acute or chronic effects on human health.  There is, however, 

little information relating the level of agrichemicals in the air as a result of spray drift to 

the level of odour experienced by a person. 
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1.2 2,4-Dichlorophenoxyacetic (2,4-D) Acid 
Herbicides 

In New Zealand, the use of herbicides containing derivatives of 

2,4-dichlorophenoxyacetic (2,4-D) acid is coming under increasing scrutiny as a result 

of public concerns regarding off-target plant damage, odour and the associated concern 

regarding potential adverse human health effects.  Regional councils in areas of high 

usage are considering introducing restrictions on the use of the butyl ester of 2,4-D 

(2,4-D butyl ester) via Air Quality Plans developed under the provisions of the Resource 

Management Act 1991 (Northland Regional Council, 1995).  As a result of the 

concerns regarding the use of 2,4-D butyl ester, agrichemical suppliers in New Zealand 

introduced formulations using the less volatile ethylhexyl ester (2,4-D ethylhexyl ester) 

in October 1997.  The wider use of formulations using the triethanolamine salt (2,4-D 

amine) and 4-methyl-2-chlorophenoxyacetic acid (MCPA), both in the form of 

non-volatile salts, are also being promoted as alternatives to 2,4-D butyl ester for certain 

uses.  The use of these three formulations will aid in the reduction of the potential for 

off-target drift and crop damage.  These  less volatile alternatives to 2,4-D butyl ester 

are themselves odorous and concerns are still likely to be voiced when these odours are 

detected.   

 

1.3 Thesis Objectives 

1.3.1 Broad Objectives 

To investigate the levels of odours generated during the application of 2,4-D butyl ester, 

2,4-D ethylhexyl ester, 2,4-D amine and MCPA, the level of exposure of the general 

public when the odours are detected, and the potential risk of adverse health effects 

resulting from that exposure.  The hypothesis that the majority of the odour is due to 

manufacturing impurities and/or additives is tested using the new 2,4-D ethylhexyl ester 

commercial formulation. 
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1.3.2 Specific Objectives 

1) To measure the odour concentrations of air samples of the herbicides 2,4-D butyl 

ester, 2,4-D ethylhexyl ester, 2,4-D amine and MCPA, when used at rates similar to 

those used for aerial applications in the field. 

 

2) To rank the four herbicides in terms of their potential to result in odours downwind 

from an application site. 

 

3) To determine the safety factor between the odour threshold for each herbicide and 

its occupational safety and health Threshold Limit Value - Time Weighted Average 

(TLV-TWA)1 value. 

 

4) To determine the odour thresholds of pure samples of the parent 2,4-D acid, 2,4-D 

ethylhexyl ester, and the principle odorous trace impurities and additives present in 

the commercial 2,4-D ethylhexyl ester formulation. 

 

5) To investigate the amount of odour in the commercial 2,4-D ethylhexyl ester 

formulation resulting from each significant odorous constituent. 

 

 

                                                
1   Time weighted average concentration for a normal 8-hour working day and 40-hour working week. 
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Chapter 2   
LITERATURE REVIEW - AGRICHEMICAL SPRAY DRIFT 

2.1 Introduction 

From the moment an agrichemical spray is discharged from a spray nozzle and begins 

moving through the air it could be considered as "drift".  Generally, the intended path of 

the spray droplets is downwards onto the target area.  Upwards movement is also used, for 

example, airblast sprayers in orchards.  Here the drift of the fine particles of agrichemicals 

is used to achieve good target coverage. 

 

Drift beyond the target area can occur with all application methods, such as aircraft, 

ground based spray booms, airblast sprayers and knapsack sprayers, even under ideal 

application conditions.  Wind speed and particle size are the principle determinants of the 

amount of drift leaving the site.  Droplets and larger aerosols, because of their larger mass, 

deposit rapidly with distance from the application site (Holland and Maber, 1992).  

Smaller aerosols and vapours, generated during the spraying, will travel further.  

Agrichemicals with higher volatility are likely to result in higher levels of aerosols and 

vapours in the air beyond the application site than lesser volatile agrichemicals when 

applied under similar circumstances.  For agrichemicals with moderate to high volatility, 

post-depositional volatilisation off the treated surface may occur.  The vapours generated 

can travel significant distances but are dispersed in the atmosphere as they travel 

(Robinson and Fox, 1978).   

 

2.1.1 The Issue 

Agrichemical spray drift becomes an issue when the chemical enters areas where it was not 

intended, which can result in injury or damage to crops, animals, humans, the environment 

or property.  It is also an issue when it enters non-target areas where it is simply not 

wanted, even if the potential for adverse effects is negligible.  This phenomenon may be 

called “chemical trespass".  This may have major implications especially in the case of 

organic farming where spray drift from neighbouring properties could lead to unacceptable 

residues on crops.  It may also occur on the fringes of cities or in agricultural areas 

subdivided into rural/residential zones.  In these circumstances it is the perceived health 

risks of exposure to agrichemicals which are of principle concern. 
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The Co-ordinating Committee on Agricultural Chemicals (1993) defined agrichemical 

spray drift as "the airborne movement of agricultural chemicals onto a non-target area with 

the potential for risk of injury or damage to humans, plants, animals, environment or 

property".  In my opinion this definition should be amended to read "... actual or perceived 

potential for risk ...". 

 

2.1.2 Public Perceptions of Agrichemicals and  
Agrichemical Spray Drift 

The general concerns of the public regarding exposure to agrichemical residues have 

been described by a number of authors (East and Holland, 1991; Wilkinson, 1991; 

Coats, 1994).  The routes of exposure of principle concern are through residues in food, 

via spray drift and through contamination of drinking water.  An often unnoticed route, 

but major route of exposure, is through the improper use of agrichemicals in the home 

or garden. 

 

A number of common themes exist with regard to the public perception of 

agrichemicals.  The first is a basic mistrust of scientific experts in the fields of 

toxicology and agrichemical risk assessment (O'Brien, 1994; Sheridan, 1995).  Risk is a 

measure of the probability that an adverse effect will occur, in this case adverse effects 

on human health resulting from exposure to agrichemicals (Krieger and Ross, 1993).  

Risk is a function of the intrinsic toxicity of the chemical and the dose or exposure level.  

The exposure level is determined by the duration, frequency and intensity of exposure 

which will in turn depend on the circumstances of exposure in a particular environment.  

In the case of agrichemicals, risk assessment includes the determination of what an 

acceptable level of exposure is.  To many, who prefer to have no exposure to 

agrichemicals whatsoever, this concept is abhorrent (O’Brien, 1994). 

 

The second major theme is that many members of the public have little knowledge 

about agrichemicals, what they are, how they are used, and many regard their use as 

unnecessary.  As a result of this unfamiliarity, the public perceives greater risks from 

agrichemical exposure than from many other more significant, yet more familiar 

hazards, such as urban air pollution or motor vehicle accidents (Coats, 1994).  This 

situation is exasperated by media reports which often sensationalise the issues.  For 

example, a study in the USA investigating health hazards in food, found that 
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agrichemical residues were only fifth in order of importance behind microbial 

contamination, unbalanced diets, environmental contaminants and natural poisons in 

food.  However, in terms of media coverage given to these dietary hazards, 

agrichemical residues received the highest level of reporting (Holland and Maber, 

1992). 

 

The involuntary nature of exposure to agrichemicals residues in food, water or through 

spray drift is the third and potentially the most important theme as it unites the previous 

two.  Modern analytical techniques allow the detection of agrichemical residues in 

most environmental media at levels down to parts per billion, or with special 

preparatory techniques, parts per trillion.  As a result it is possible to measure 

agrichemical exposure in almost all situations.  Two important and opposing paradigms 

exist regarding this issue.  The first is that a majority of the scientific and risk 

assessment community believe there is a safe level for all or most chemicals below 

which there exists minimal potential for adverse health effects, or that the level of risk is 

acceptable in comparison to other commonly occurring risks.  The second paradigm, 

which relates to those highly concerned about agrichemical residues, is that there is 

often no safe level of agrichemical residue and involuntary exposure to agrichemical 

residues is a violation of their personal rights.  Many of us are exposed to risks almost 

every day in our life.  Good examples are driving a motor car, hang gliding and skiing.  

However, these risks are considered reasonable because they generally result from a 

personal choice, unlike exposure to agrichemical residues. 

 

2.2 Odour Associated with Agrichemicals and Spray 
Drift 

2.2.1 Literature Reports 

Holland and Maber (1992) note that strong and unpleasant smells are often a result of 

insecticide application in orchards, but the presence of an odour does not necessarily 

indicate that significant spray drift is occurring.  “Gusathion” (azinphos-methyl) and 

“Attack” (pirimiphos-methyl) are known to be odorous.  Sheridan (1995) reports of a 

strong odour of the phenoxy herbicide MCPB ((4-chloro-2-methylphenoxy)butanoic 

acid) associated with a spray drift incident resulting from the application of the 

herbicide to thistles by a boom sprayer.  A case of odour being detected during the 
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helicopter spraying of thistles with 2,4-D is mentioned in the same article.  Other 

documented cases of agrichemical odours leading to concern regarding risks to health 

involve the insecticides malathion (Baker and Selvey, 1992), and chlordane (Olas et al., 

1976), and the herbicides DEF (S,S,S-tributylphosphorotrithioate) and merphos 

(S,S,S-tributylphosphorotrithioite) (Kilgore et al., 1984; Seiber and Woodrow, 1984).  

Szejtli (1985) notes that there are many highly effective agrichemicals that have an 

“intolerable odour”.  Some agrichemicals are available in “low odour” formulations 

(Kilgore et al., 1984; Seiber and Woodrow, 1984). 

 

2.2.2 Public Concerns Regarding Odorous Agrichemicals 

The presence of odour alerts people to the presence of chemicals in the air.  This often 

promotes concern regarding the potential for adverse health effects resulting from 

agrichemical exposure (Parliamentary Commissioner for the Environment, 1993).  As a 

consequence, complaints are often made to various regulatory authorities over the issue.  

In Australia, the Co-ordinating Committee on Agricultural Chemicals (1993) recognised 

that the detection of odour (amongst other factors) from agrichemical spraying operations 

could cause nuisance, anxiety and fear in the public.  A study of farmer perceptions, 

knowledge and agrichemical use practices in the Philippines, found that a strong odour was 

perceived as the main indicator of agrichemical hazard (Warburton et al., 1995). 

 

In Northland, in the period between January 1992 to April 1996, a total of 76 complaints 

regarding agrichemical spray drift were made to the Northland Regional Council 

(Taylor, 1996).  The majority of these were made as a result of concerns regarding 

health effects.  Seven of these complaints specifically mentioned odour.  Fourteen 

reported concern regarding the drift of 2,4-D-butyl ester.  It is considered that those 

who make complaints represent only a small fraction of those concerned about spray 

drift.  This is because many people do not know who to complain to, are reluctant to 

complain or do not believe that any action will be taken as a result of their complaint 

(Co-ordinating Committee on Agricultural Chemicals, 1993).  In addition, agrichemical 

odour from spray drift incidents is expected to be noticed on many more occasions than 

it is reported in the literature.  Many articles focus on the concern over potential health 

effects that detection of the odour invokes rather than mentioning the odour itself. 
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2.2.3 Trace Impurities in Agrichemicals Resulting in Odour 

There is evidence to suggest that the odours associated with some agrichemicals are due 

to the presence of trace impurities in the active ingredient or additives in the commercial 

formulation.  Holland and Maber (1992), in an article on spray drift from the use of 

insecticides in kiwifruit orchards, reported that small amounts of very odorous yet low 

toxicity impurities present in the spray formulations were responsible for the strong and 

unpleasant smell associated with the insecticides.  The specific impurities were not 

mentioned.  N-butylmercaptan, an impurity and degradation product, is regarded as the 

being the major odorant of herbicides DEF and merphos (Kilgore et al., 1984).  It has 

an odour threshold of 0.97 ppb which is lower than that for two other well known 

reduced sulphide gases, namely hydrogen sulphide (8.1 ppb) and methylmercaptan (1.6 

ppb) (Amoore and Hautala, 1983).  Xylene, which has an odour threshold of 1.1 ppm, 

is thought to be responsible for the odour associated with the insecticide malathion 

(Baker and Selvey, 1992).  Diethyl sulphide and diethyl disulphide have been 

implicated as the species giving the insecticide chlorpyrifos its offensive odour 

(Extension Toxicology Network, 1993).   

 

2.2.4 Odours Associated with 2,4-D 

2.2.4.1 Manufacture of 2,4-D 

Technical grade 2,4-D acid is commonly synthesised via the condensation of 

2,4-dichlorophenol with the sodium salt of monochloroacetic acid in a strongly alkaline 

medium at moderate temperatures.  Another method for the manufacture of the 

technical grade 2,4-D acid is the chlorination of phenoxyacetic acid (Que Hee and 

Sutherland, 1981; World Health Organisation, 1984).  2,4-D amine salts are produced 

by reacting stoichiometric quantities of amine and technical grade acid in a suitable 

solvent.  2,4-D ester derivatives are made either by acid-catalysed esterification with 

azeotropic distillation of water, or by a direct synthesis of the appropriate ester of 

monochloroacetic acid with dichlorophenol (National Research Council Canada, 1978; 

Que Hee and Sutherland, 1981). 
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2.2.4.2 Impurities in 2,4-D 

Impurities in technical grade 2,4-D acid may range from 1-9% depending on the 

manufacturing process and particularly on the purity of 2,4-dichlorophenol when it is 

the starting material.  Typical levels of the impurities found in technical grade 2,4-D 

acid are given in Table 1 (International Agency for Research on Cancer, 1986). 

 

Table 1: Typical Levels of 2,4-Dichlorophenoxyacetic Acid and Major  
Impurities in Technical Grade 2,4-Dichlorophenoxyacetic Acid 

Compound Percent 

2,4-dichlorophenoxyacetic acid  94-99 

2,6-dichlorophenoxyacetic acid  1.5-0.5 

2-monochlorophenoxyacetic acid  0.5-0.1 

4-monochlorophenoxyacetic acid  0.8-0.2 

Bis(2,4-dichlorophenoxy) acetic acid 0.1-2.0 

Phenoxyacetic acid trace-0.2 

2,4-dichlorophenol  0.1-0.6 

2,6-dichlorophenol  0.001-0.048 

2,4,6-trichlorophenol  0.001-0.14 

2-chlorophenol 0.0004-0.04 

4-chlorophenol 0.0004-0.005 

Water 0.1-0.8 

 

 

2.2.4.3 Odorants in 2,4-D Formulations 

The phenolic impurities, in particular 2,4-dichlorophenol, are considered to be 

responsible for the majority of the odour associated with 2,4-D formulations (Moffat, 

1996).  Melnikov (1971) states that pure 2,4-D acid has practically no odour while the 

technical grade 2,4-D acid always contains a small amount of 2,4-dichlorophenol which 

is responsible for the unpleasant odour.  Odour thresholds for a number of the 

impurities present in technical grade 2,4-D acid have been determined and are shown in 

Table 2.  Many of the impurities, or reaction products of them, are likely to be present 
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in 2,4-D derivatives made using the technical grade acid as a feedstock. 

 

Table 2: Odour Thresholds of Impurities in Technical 2,4-Dichlorophenoxyacetic 
Acid (ppb in air) 

Compound  Reported Odour Threshold(d) 

(ppb) 
Reference 

2,4-dichlorophenol 0.025 Punter, 1983 
 210 Ruth, 1986 

2,4,6-trichlorophenol  0.12-2.6 (r) Van Gemert and Nettenbreijer, 1977 
 0.018 Punter, 1983 
 125 Nagy, 1991 

2-chlorophenol 3.6 Van Gemert and Nettenbreijer, 1977 
 0.09 (r)  Van Gemert and Nettenbreijer, 1977 

x-chlorophenol 0.03 – 34 Stahl, 1978 
 3.6 – 30 Fazzalaria, 1978 
 3.6 – 1238 Ruth 1986 

4-chlorophenol 0.18 (r) Van Gemert and Nettenbreijer, 1977 

Notes: 

(d) Detection Threshold unless otherwise indicated. 
(r) Denotes Recognition Threshold.  Recognition thresholds are typically 2-5 times the detection 

threshold (Jones et al., 1992) 

 

Odour thresholds in air for 2,4-D acid or any of its derivatives have not been reported in 

the literature. 

 

Faust and Suffet (cited in World Health Organisation, 1984) note that 2,4-D, and 

especially its transformation product dichlorophenol, imparts an objectionable odour 

and taste to water at levels exceeding 20 g/litre (ppb).  Van Gemert and Nettenbreijer 

(1977) list odour thresholds in water for 2,4-D acid and many of the phenolic impurities 

present in commercial formulations using 2,4-D acid or derivatives of it.  These are 

detailed in Table 3.  The odour threshold reported for 2,4-dichlorophenol in water is 

15-1600 times lower than that for 2,4-D acid.  This supports the view that the phenolic 

impurities are responsible for the majority of the odour from 2,4-D herbicides. 
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Table 3: Odour Threshold Values of 2,4-Dichlorophenoxyacetic Acid and Phenolic 
Impurities in Water 

Compound Water Odour Threshold  
(ppm) 

2,4-dichlorophenoxyacetic acid  3.13 

2,4-dichlorophenol  0.002-0.21 

2,6-dichlorophenol  0.003-0.0075 

2-chlorophenol 0.0002-0.003 

4-chlorophenol 0.0005-1.24 

 

Solvents and other additives present in the commercial formulations may also influence 

their odour. 

 

2.2.4.4 Other Factors Influencing Odour Generation 

In most cases where concern is expressed as a result of detecting the odour of 2,4-D 

formulations the person is at some distance, often several hundred metres or greater, 

from the area being sprayed.  Any processes affecting the composition of the herbicide 

from the time it is mixed in the tanks to the time the odour reaches the person could 

influence the amount of odour generated.  The highly odorous species, 

2,4-dichlorophenol has been identified as a degradation product of 2,4-D acid via 

biodegradation, and 2,4-D acid plus 2,4-D esters via photolysis when in aqueous 

solution (Crosby and Tutass, 1966; Zepp et al., 1975).  However, photolysis and 

biodegradation are unlikely to occur in the spray tanks due to a lack of sunlight and 

significant levels of bacteria.  Also, hydrolysis of 2,4-D esters to the acid, which is 

rapid at high pH (Zepp et al., 1975; Howard, 1993), should not occur to any significant 

extent in the spray tanks if neutral or slightly acidic water is used. 

 

Once the spray has left the spray nozzle, further changes in the composition of the 

overall system may occur.  As the spray droplets and aerosols fall to the ground they 

will begin to evaporate.  The vapour pressures of 2,4-D butyl ester, 2,4-D ethylhexyl 

ester and 2,4-dichlorophenol at 20-25 C are 3.97 x 10-4 mmHg, 2.0 x 10-6 mmHg and 

7.6 x 10-2 mmHg respectively (World Health Organisation, 1989; National Toxicology 

Group, 1996).  2,4-D acid and 2,4-D amine salt are essentially non-volatile.  Because 
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of its higher vapour pressure, 2,4-dichlorophenol will preferentially evaporate from 

spray droplets as they fall to the ground. 

 

In the vapour phase, degradation of 2,4-D acid and its derivatives via photo-oxidation or 

direct photolysis is possible.  The photolysis half life for 2,4-D butyl ester in the vapour 

phase has been reported as 13 days (Howard, 1993).  Potential vapour phase photolysis 

of 2,4-dichlorophenol has not been reported.  During application, the time interval 

between the spray vapour being generated, at the spray nozzle and as the droplets fall to 

the ground, and it reaching a person some distance several hundred meters downwind 

will be several seconds to several minutes.  The effect of photolysis on the composition 

of the vapours will not be significant over this time frame. 

 

In addition to the discharges into the air during application, post-depositional 

volatilisation may occur from the treated surfaces.  This depends heavily on 

meteorological factors, in particular temperature, and is only likely to occur for 2,4-D 

esters.  Grover et al. (1972) observed that during the application of 2,4-D butyl ester 

and 2,4-D dimethylamine to a wheat crop, up to 30% of the 2,4-D butyl ester entered 

the vapour phase within 30 minutes after spraying as a result of volatilisation.  In 

contrast, the amine did not volatilise.  Only 3-4% of both herbicides were calculated to 

be lost from the target area as a result of direct droplet drift.  In a similar study using 

2,4-D iso-octyl ester (which has the same vapour pressure as 2,4-D ethylhexyl ester), 

only 0.2% drifted as droplets and a cumulative vapour loss of 21% of the amount 

applied occurred over 5 days (Grover et al., 1985).  Both these studies were conducted 

on the Canadian prairies in summer, with temperatures reaching above 25oC.  In New 

Zealand, the application of 2,4-D esters generally occurs in the winter at much lower 

temperatures, and therefore the amount of volatilisation is likely to be significantly less.  

It is considered that very little 2,4-dichlorophenol will be deposited on the treated 

surface as a result of its preferential evaporation from the spray droplets while they are 

falling to the ground. 
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2.3 Health Effects of Agrichemical Spray Drift 

2.3.1 Introduction 

The risk of human health effects resulting from agrichemical exposure is dependent on 

the toxicity of the compound and the dose received.  The toxicity is an intrinsic 

property of the material. It is usually measured via animal studies, or through excessive 

human exposures resulting from accidents or suicides.  Toxicity values are often 

expressed as Lethal Dose 50 (LD50) values.  This is the minimum dose of a chemical, in 

milligrams per kilogram of body weight (mg/kg), required to kill half of the test 

population.  The lower the LD50 value the higher the toxicity of the material. 

 

The dose of agrichemical is a measure of the quantity to which an individual is exposed.  

It is dependent on the duration and frequency of exposure.  The dose is also dependent 

on the route of exposure and the formulation of the agrichemical (Larson, 1992).  

Ingestion, dermal absorption, and inhalation of agrichemical vapours are the major 

routes of exposure.  The rate of absorption of agrichemicals taken orally is generally 

high.  Dermal absorption is usually less and depends to a great degree on the 

formulation of the agrichemical.  For example, fine dusts and liquids (especially 

solvent based formulations) will be more readily absorbed through the skin than coarse 

dusts.  Absorption of inhaled agrichemicals through the throat and lungs is 

intermediate. 

 

Toxic effects from agrichemicals are described as either acute or chronic.  Acute 

effects, such as headaches, vomiting, muscle spasms, usually occur within a short time 

(hours to days) after exposure to a high dose (relative to the toxicity of the compound).  

Sub-acute effects may occur over a slightly longer time (days to weeks) due to a build 

up of the agrichemical in the body, e.g. for many organophosphate insecticides.  The 

expression of chronic effects, such as cancer or birth defects, may be delayed for several 

years or to future generations (Wilkinson, 1991).  Chronic effects may occur as a result 

of single or multiple exposures to high levels of agrichemicals, or due to low level long 

term exposures. 
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2.3.2 Levels of Exposure to Agrichemicals 

A considerable amount of research has been conducted on the levels of human exposure 

to agrichemicals, particularly in those groups which are occupationally exposed. 

 

In occupational settings, the amount of agrichemical intake from dermal exposure is 

generally 100-10,000 times higher than that for respiratory exposures (Lavy et al., 1982; 

Libich et al.,1984; Frank et al.,1985; Grover et al., 1986; Larson, 1992).  When 

appropriate safety precautions are taken, ingestion is a minor route.  Exposures during 

mixing and loading operations are by far the highest and occur as a result of the 

potential for dermal contact with agrichemical concentrates (Krieger and Ross, 1993). 

 

Environmental exposures to agrichemicals are two or more orders of magnitude below 

those experienced in occupational circumstances (Krieger and Ross, 1993).  The “worst 

case” scenario of a member of the public being exposed to herbicides through aerial 

spraying would be through direct exposure via overspraying due to pilot error.  In such 

a situation, dermal exposure to spray droplets and inhalation of vapours would occur.  

Studies of the exposure levels of “flaggers” give a good indication of the potential rate 

of exposure of a member of the public in such circumstances.  “Flaggers” have been 

used overseas to define the outside limits of the spray area for aerial herbicide 

applications.  Exposure of “flaggers” has been shown to be 100-10,000 times lower 

than that for the mixers and loaders in most cases (Larson, 1992). 

 

More commonly, the person exposed is several hundred metres from the target area.  

The amount of spray drift occurring is a function of the wind speed, atmospheric 

stability, emitted droplet spectrum, formulation characteristics (e.g. volatility), ground 

cover, and the method of application. When application is from the air, the aircraft type 

and flying height are also important factors.  For aerial applications, the amount of 

spray deposited decreases significantly with distance from the application site.  Riley et 

al. (1989) note that a 100 m buffer zone for most aerial applications would ensure a 

ten-fold decrease from the deposited agrichemical observed at the edge of the target 

area.  As a result, the dose likely to be received would decrease rapidly with distance 

from the application site. 
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In most areas of high agrichemical usage, exposure of the public to spray drift would 

not be through direct contact with spray droplets, but through the inhalation of 

agrichemical vapours in the air (Larson, 1992).  Studies have shown that the airborne 

concentrations of agrichemicals in such circumstances are low.  For example, in a 

Californian study of the drift of the cotton defoliant herbicides DEF and merphos, the 

concentrations in major urban areas in the cotton growing region during the application 

season did not exceed 87 ng/m3 (Kilgore et al., 1984).  Measurements of airborne 

MCPA in a rice growing region in California detected peak concentrations of 

10-15 ng/m3 (12 hour average) during the three week application period (Seiber and 

Woodrow, 1984).  Larson (1992) considered that the exposure of rural residents in 

areas of high agrichemical usage was very low and would not add significantly to 

exposures through food and water, and through contact with agrichemicals used in or 

around the home. 

 

2.3.3 Acute Health Effects Resulting from Exposure to Spray 
Drift 

2.3.3.1 Case Reports Involving Agrichemical Odour 

A number of reports link odour to concerns regarding the health effects of agrichemical 

spray drift.  In many cases, monitoring of the airborne concentration of the 

agrichemical was conducted to determine the exposure of the people concerned. 

 
2.3.3.1.1 Case Report 1 

In Tucson, an incident of epidemic (mass) hysteria at an elementary school was 

triggered by the detection of an insecticide odour within the classrooms (Baker and 

Selvey, 1992).  Students and staff complained of dizziness, headaches, and nausea, 

amongst other symptoms.  Emergency services were called and the school was 

evacuated.  The odour was caused by the spraying of a small volume (15 litres) of the 

highly odorous insecticide malathion via a hand held sprayer in a property 100 m from 

the school.  The composition of the “Malathion 50 E” was reported to be 50% 

malathion, 33% xylene and 17% emulsifiers.  Xylene has an odour threshold of 

4.8 mg/m3 (Amoore and Hautala, 1983) and was thought to be responsible for the 

majority of the odour detected.  Baker and Selvey (1992) reported that given the small 

volume of spray applied, and the moderate winds at that time, it was not possible for the 

300 persons involved to have absorbed a sufficient dose to cause any health effects.  

The study concluded that the symptoms and hysteria were induced by the anxiety and 
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stress caused by the detection of the odour, coupled with an over zealous response from 

the emergency services. 

 
2.3.3.1.2 Case Report 2 

Kilgore et al. (1984) examined the case of the aerial use of the defoliant herbicides DEF 

and merphos on cotton crops in California prior to harvest.  Complaints regarding 

odour nuisance, and health effects such as nausea, headache, eye and respiratory 

irritation, were received from persons living in close proximity to the treated fields.  

Air sampling in the breathing zone of “flaggers” indicated levels of DEF in the order of 

7-13 mg/m3.  At sites 100 m downwind from the sprayed area the levels were no higher 

than 7 g/m3.  Urine sampling of application personnel and residents within the 

confines of the cotton field acreage showed no detectable residues.  Applicators and the 

flaggers, exposed to significantly higher levels of the insecticide than the residents, 

reported no health effects.  N-butyl mercaptan and butyl disulphide are known 

impurities and degradation products of DEF and merphos.  N-butyl mercaptan has an 

odour threshold of 3.6 g/m3 and a TLV-TWA of 1847 g/m3 (Amoore and Hautala, 

1983).  An odour threshold for butyl disulphide has not been discovered.  Both 

compounds are considered to be responsible for the odours associated with the 

herbicides (Kilgore et al., 1984; Seiber and Woodrow, 1984).  Given the low 

concentrations of the herbicides detected beyond the application area, it is probable that 

concentrations of the odorous impurities were orders of magnitude below their 

respective TLV-TWA values and hence not a risk to health. 

 
2.3.3.1.3 Case Report 3 

Complaints regarding a strong insecticide odour inside a house were made by its 

inhabitants after the insecticide chlordane was used for termite control under a house in 

Virginia, USA.  Air samples taken within the house over a continuous 7 day period 

determined chlordane levels of 0.003-0.007 mg/m3.  The TLV-TWA for chlordane is 

0.5 mg/m3.  The exposure of the inhabitants was significantly below TLV-TWA even 

when an exposure for 24 hours per day, seven days per week was calculated.  The 

study concluded that the chlordane odour present was not, on its own, a health hazard 

(Olas et al., 1976). 
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2.3.3.1.4 Case Report 4 

Holland and Maber (1992) reported that strong odours from the spraying of an avocado 

orchard by helicopter with organophosphate insecticides in the Tauranga region caused 

concern to adjacent residents.  Monitoring of airborne concentrations of 

pirimiphos-methyl and permethrin across the road from the orchard being sprayed, 

showed levels of 1 g/m3 for pirimiphos-methyl.  The permethrin concentration was 

below the detection limit of 0.02 g/m3.  A TLV-TWA value is not available for 

pirimiphos-methyl.  However, TLV-TWA values for several organophosphorus 

insecticides of higher toxicity than pirimiphos-methyl, such as chlorpyrifos and 

azinphos-methyl, are in the order of 200 g/m3 (American Conference of Industrial 

Hygienists, 1983).  Despite a strong odour present in this case there appeared to be no 

risk to health, particularly as the spraying was conducted for less than an hour. 

 

There are no documented studies related to odour detection and assessment of  

exposure levels of 2,4-D and MCPA herbicides. 

 

2.3.3.2 Other Studies 

A number of studies have been conducted in New Zealand, as well as overseas, on the 

rate of exposure to agrichemical spray drift and the potential for adverse human health 

effects.  Brown and Hodgkinson (1986) undertook a study to determine the levels of 

organophosphate insecticides penetrating a kiwifruit orchard’s shelter belts due to 

regular high volume ground based spraying.  The maximum airborne concentration of 

pirimiphos-methyl directly outside the orchard shelter during the spraying was 0.125 

times lower than that measured within the orchard.  At a distance of approximately 40 

m from the shelter the concentration of was only 5 g/m3.  If this airborne 

concentration of pirimiphos-methyl is compared to the TLV-TWA for chlorpyrifos of 

200 g/m3 which is more toxic (see 2.3.3.1.4), there appears to be a high margin of 

safety in the event of a person being exposed. 

 

An intensive study involving a small town of 7000 people in a cotton growing area in 

Queensland, Australia, found that during the most intensive spraying period, the aerially 

applied insecticides from the bordering cotton farms were detected in up to 38% of the 

air samples taken at monitoring stations located at the edge of the urban area (Larson, 

1992).  The average exposure, assuming that all the insecticide inhaled was absorbed, 



 

18 

was no more than 0.2% of the World Health Organisation acceptable daily intake (ADI) 

value for the insecticides in question.  This again indicates a large margin of safety.   

 

Members of the public often view the risk of acute health impacts from aerial spraying 

as greater than that from ground based spraying.  Holland and Maber (1992) in their 

study of the spray drift levels from the helicopter spraying of avocados, comment that 

lower drift levels are unlikely to be achieved by use of ground based equipment.  The 

reason being that while the spray mixture would be more dilute it would take 

considerably longer to apply, hence the risk of spraying during inappropriate conditions 

would be greater.  The spray would also have to be directed upwards to achieve the 

required coverage rate, which would result in a greater risk of significant drift 

occurring.  Larson (1992) in a review of the health effects due to agrichemical use in 

Tasmania, noted that the margin of safety between the absorbed dose and the 

no-observable-adverse-effect-level (NOAEL) for many agrichemicals was far greater 

for aerial application than for ground application.  This was largely due to the fact that 

agrichemicals applied by ground spraying were inherently more toxic than those applied 

aerially.  He considered that due to the low toxicity of agrichemicals sprayed aerially 

the direct exposure of a person in the flight path of an aerial application is unlikely to 

cause adverse health effects more significant than transient eye and skin irritation.  This 

would certainly be an unusual situation.  More commonly the person exposed would be 

several hundred metres away and would experience a very low dose, if any, as the 

agrichemical concentration has been shown to decrease rapidly with distance from the 

application site.  Larson (1992) concluded that: 

 

The great majority of acute health effects from pesticide exposure occur during 

accidental or suicidal ingestions, or accidental occupational exposure to pesticide 

concentrates.  Exposure during drift very rarely produces a sufficiently high 

exposure to lead to adverse effects, because dilution of the pesticide in large 

volumes of air leads to very low dose exposures. 
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2.3.4 Acute Health Effects from 2,4-D Exposure 

2.3.4.1 Toxicological Data for 2,4-D 

Recent studies have shown that there is negligible difference in the acute toxicity of the 

various forms of 2,4-D (Charles et al., 1996; Charles et al., 1996).  It is likely that the 

findings would also apply to the butyl ester and triethanolamine salt of 2,4-D that are 

used in New Zealand.  Acute toxicity data for 2,4-D acid, 2,4-D dimethylamine and 

2,4-D ethylhexyl ester are given in Table 4.  2,4-D formulations are classified as having 

moderate to low acute toxicity to mammals (Industry Task Force II on 2, 1996). 

 

Table 4: Acute Toxicity Data for 2,4-D (various forms) 

Product Acute Oral – Rat 
LD50 (mg/kg) 

Acute Inhalation – Rat 
LD50 (mg/m3) 

Acute Dermal – Rabbit 
LD50 (mg/kg) 

2,4-D Acid1 699 >1,800 >2,000 

2,4-D Dimethylamine2 949 >3,500 >2,000 

2,4-D Ethylhexyl Ester3 896 >5,400 >2,000 

Notes: 

1) Unformulated 2,4-D acid flake 97-98% purity 
2) 66.8% active ingredient formulated (55.5% acid equivalent) 
3) 89.4% active ingredient formulation (59.4% acid equivalent) 

 

The TLV-TWA for 2,4-D of all forms is 10 mg/m3 (Occupational Safety and Health 

Service, 1992). 

 

For chronic and sub-chronic oral animal exposure studies, the literature provides a wide 

range of values for the no-observed-effects-level (NOEL) in mammals ranging from 

1 milligram per kilogram of body weight per day (mg/kg body weight/day) for dogs 

(Charles et al., 1996) to 5 mg/kg body weight/day for rats (Charles et al., 1996).  In 

earlier studies, the World Health Organisation (WHO) (1984) found the oral NOAEL 

for 2,4-D in children and adults was in the vicinity of 36 mg/kg body weight.  

 

2.3.4.2 Occupational and Environmental Exposure to 2,4-D 

Due to the widespread and prolonged use of 2,4-D herbicides (first introduced in the 

1940’s) a considerable amount of data is available regarding the rates of exposure to 

2,4-D under a variety of circumstances.  Table 5, adapted from WHO (1984) and 

Munro et al. (1992), shows the internal dose of 2,4-D likely to be received in a variety 
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of occupational and environmental situations.  The internal dose in micrograms of 

chemical per kilogram of body weight per day (g/kg body weight/day) represents the 

total absorbed dose from all exposure routes, i.e. dermal, oral and inhalation.   

 

Table 5: Summary of Human Exposure to 2,4-D 

Exposure Group Average Estimated Internal Dose  
(g/kg body weight/day) 

Home and garden users 0.14 

Bystander to 2,4-D use following aerial application 0.09 +/- 0.23 

Inhalation exposure of general public in 2,4-D use area 0.03 

Farm worker involved in spraying fields  
from a ground rig 

5.78 

Lawn care specialist 2.75 

Forestry Workers  

A)  Aerial Application Crews  

Mixers/Loaders/Batchmen 
Pilots 
Mixer and balloon men 
Balloon men 
Supervisors 

9.27 
8.54 +/- 13.16 

4.95 
3.91 
0.12 

B)  Ground Crews  

Backpack workers 
Injection bar workers 
Hypohatchet workers 
Hack-and -squirt workers 

98 
4.3 
40 

12.2 

 

The studies have shown that the relative rates and routes of 2,4-D exposure are similar 

to that for other agrichemicals.  In occupational circumstances, the mixers, loaders and 

batchmen generally receive the highest dose as a result of dermal contact with the 

herbicide concentrates.  Exposure via inhalation is of minor importance (less than 2% 

of total exposure for the application of 2,4-D amine) (Grover et al., 1986).  Monitoring 

of 2,4-D levels in the breathing zones of workers has shown concentrations significantly 

below the TLV-TWA of 10 mg/m3.  For example, in a study of the ground based 

spraying of the butoxyethyl esters of 2,4-D and 2,4,5-T, levels of 0.1-0.2 mg/m3 in the 

air were recorded (Kolmodin-Hedman et al., 1980).  Breathing zone monitoring of 

forestry workers applying the propylene glycol ester of 2,4-D, recorded results as “not 

detectable” (Lavy et al., 1982).  However, a batchman received a dose of 0.3 g/kg 
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body weight due to inhalation of the vapour of the herbicide concentrate while mixing 

it. 

 

A potential, but improbable worst case scenario of a bystander being exposed to aerial 

spray drift of 2,4-D, would be the accidental direct spraying of a person during the 

application.  A study by Frank et al. (1985) considered the internal dose received by a 

person in such a situation.  A volunteer wearing light clothing, with exposed arms and 

legs, was directly sprayed by a helicopter applying 2,4-D (at a rate similar to those used 

in New Zealand) at a height of 11 m above the ground.  The exposed person did not 

shower until three hours afterwards in order to maximise the amount of dermal 

absorption.  Only 0.44% of the 2,4-D deposited on the persons clothing and skin was 

absorbed.  Absorption through inhalation was determined to be negligible.  The 

internal dose received as a result of this single direct exposure was 8.5 g/kg body 

weight/day for a single day. 

 

Flaggers, who mark the edge of the application area, represent a more realistic worst 

case scenario of a person being accidentally exposed to spray drift.  Table 5 shows the 

average internal dose rate of this group to be 3.91 g/kg body weight/day.  The actual 

exposure of a bystander would be much lower as they would only be exposed by chance 

once or twice per year, whereas most of the studies of flaggers involved daily exposure 

over a period of several weeks to a month.  Lavy and Mattice (1984, cited in Munro et 

al., 1992) estimate an average internal exposure of 0.09 g/kg body weight/day for 

bystanders to aerial applications when exposed for one day. 

 

Because spray droplets are not often carried for more than 100-150 m from the 

application site (aerial and ground based application methods), exposure of the general 

public in 2,4-D use areas is through inhalation of vapours or aerosols.  A considerable 

amount of monitoring of the concentrations of 2,4-D of all varieties in ambient air has 

been conducted (World Health Organisation, 1984).  Highly volatile 2,4-D derivatives, 

in particular the mixed butyl esters, were found constitute a large percentage of the total 

airborne 2,4-D residues detected (National Research Council Canada, 1978; Robinson 

and Fox, 1978).  In 2,4-D use areas, the general population is unlikely to be exposed to 

2,4-D (all varieties) concentrations exceeding 0.1 g/m3 (World Health Organisation, 

1984).  Based on a body weight of 60 kg, a daily air intake of 20 m3, and a 100% 
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absorption of inhaled 2,4-D, an air concentration of 0.1 g/m3 would result in a 

respiratory intake of 0.03 g /kg body weight/day.  Atmospheric residues of 2,4-D 

would only be expected to exist during and shortly after the periods of widespread aerial 

or ground based application.  In many countries this may occur for 3 to 6 weeks.  

 

2.3.5 Chronic Health Effects from Agrichemical Spray Drift 
Including Phenoxy Herbicides 

Another concern regarding agrichemical exposure due to spray drift is the potential for 

chronic health effects resulting from a life time exposure to low levels.  Chronic health 

effects include cancer, effects on human reproduction, and neurological disorders.  The 

WHO (1984) concluded that for 2,4-D a substantial margin of safety existed between 

existing exposure levels and the NOAEL for embryotoxic, fetotoxic, or teratogenic 

effects in mammals.  Insufficient data precluded an assessment of the carcinogenic 

potential of 2,4-D at the time.   

 

In a 1986 review, the International Agency for Research on Cancer (1986) concluded 

that in the case of chlorophenoxy herbicides there was limited evidence of 

carcinogenicity to humans from occupational exposures.  It should be noted that this 

review related to all chlorophenoxy herbicides including 2,4,5-T which contained the 

most potent dioxin 2,3,7,8-tetrachlorodibenzo-para-dioxin (T4CDD).  Cochrane et al. 

(1982, cited in Munro et al., 1992) found no evidence of T4CDD contamination in 2,4-D 

formulations, although other less potent polychlorinated dibenzo-p-dioxins (PCDDs) 

were present in very low concentrations.   

 

In a later review of the acute and chronic effects of 2,4-D exposure Munro et al. (1992) 

concluded that: 

 

When viewed in its entirety, the data on 2,4-D indicate that the potential 

health impact of 2,4-D, including the risk of human cancer, was negligible 

in the past and would be expected to be even smaller in the present and 

future under the proposed label directions. 

 

A recent review by the United States Environmental Protection Agency (1996) 

concluded that 2,4-D was not a carcinogen in rats or mice.  The report also concluded 
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that overall the evidence signified that the combined human and animal data does not 

indicate that 2,4-D causes cancer in humans. 

 

2.4 Odour as an Aid to Chemical Safety 

The detection of a chemical odour may trigger complaints and cause health concerns 

due to an awareness of exposure to airborne chemicals (United States Environmental 

Protection Agency, 1992).  Odours can also act as a warning system for potentially 

hazardous chemical concentrations, and may be used as a tool to assess the toxicological 

risks associated with airborne chemical exposure.  When the chemical identity of an 

odour is known and reliable odour threshold and health based exposure data (such as 

TLV-TWA values) are available, it is possible to predict how well the odour of a 

chemical will act as an indicator of potentially hazardous exposures. 

 

The potential warning power of a chemical may be defined as the Odour Safety Factor 

(OSF) which is the TLV-TWA value divided by its odour threshold (Amoore and 

Hautala, 1983). 

 

Odour Safety Factor = TLV-TWA / Odour Threshold 

 

For a chemical with an odour threshold that is lower than the TLV-TWA, i.e. OSF>1, 

the odour will be noticeable at non-hazardous concentrations, hence a warning is 

provided.  Conversely, if the odour threshold higher than the TLV-TWA, i.e. OSF<1, 

hazardous concentrations will occur before the odour is detected.  In this situation 

cessation of exposure would be advisable. 

 

The magnitude of an odour safety factor varies between individuals according to a 

number of factors as detailed below. 

 

1) Individual odour sensitivity - the variation in odour detection thresholds between 

individuals may vary by several orders of magnitude.   

 

2) Olfactory adaptation - continuous exposure to odorous chemicals results in a 

reversible (once removed from the odour) olfactory fatigue or a decreased sense of 

smell. 
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3) Level of attention - odours are detected at lower concentrations by attentive people 

than those in the work place or environment who are distracted by other stimuli 

(Whisman et al., 1978).  Therefore, lower safety factors are likely to exist than 

those predicted using attentive subjects in an odour laboratory. 

 

In view of the above factors Amoore and Hautala (1983) proposed the following odour 

safety factor classification scheme. 

 

Table 6: Odour Safety Factor Classification Scheme 

Class Odour Safety Factor Interpretation 

A >550 More than 90% of distracted persons perceive 
warning of TLV-TWA in the air. 

B 26-550 50-90% of distracted persons perceive warning of 
TLV-TWA  

C 1-26 Less than 50% of distracted persons perceive 
warning of TLV-TWA  

D 0.18-1 1-50% of attentive persons can detect TLV-TWA  
concentration in the air 

E <0.18 Less than 10% of attentive persons can detect the 
TLV-TWA  

 

The odour of Class A compounds will be first be detected at concentrations 550 times 

less than the TLV-TWA.  Hence they provide the strongest odorous warning of their 

presence when concentrations reach the TLV-TWA.  The odours of Class E chemicals 

are virtually undetectable at their TLV-TWA, hence minimal if any warning is given. 

 

Data has been gathered from the literature that allow the calculation of the odour safety 

factor for a number of agrichemicals (Table 7).  While it is not stated in the information 

sources, it is most likely that the values given are for the pure active ingredient rather 

than the formulated product. 
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Table 7: Odour Safety Factors for Selected Agrichemicals 

Agrichemical Type Odour Threshold 
(mg/m3) 

TLV-TWA1 

(mg/m3) 
Odour Safety 

Factor 
Class 

Chlordane insecticide 0.0084-0.04192 0.5 12-60 B-C 

Chloropicrin fumigant 5.46-7.72 0.7 0.09-0.13 E 

Malathion (maldison) insecticide 13.52 10 0.74 D 
Xylene solvent  4.83 435 91 B 

Rotenone insecticide 5.82 5 0.86 D 

DDT insecticide 5.072 1 0.20 D 

Notes: 

1)  (American Conference of Industrial Hygienists, 1983) 
2)  (Ruth, 1986) 
3)  (Amoore and Hautala, 1983) 

 

A moderate odour safety factor exists for chlordane which was evident in the study of 

Olas et al. (1976).  See section 2.3.3.1.3 for details.  For the other agrichemicals listed 

in Table 7, potentially hazardous concentrations may occur before an odour is detected. 

 

Mixtures of chemicals can result in odours that may, or may not, reflect the hazard 

potential of their constituents.  For example, a highly odorous but relatively non-toxic 

chemical may be present together with a non-odorous but highly toxic or dangerous 

chemical.  In this case the highly odorous compound serves as a warning agent as to the 

presence of the toxic chemical.  This principle is used for the detection of fuel gas leaks 

through the introduction of highly odorous mercaptans into the gas.  For malathion, the 

solvent xylene present in the formulation has the lower odour threshold (Table 7).  

Hence its presence increases the odour safety factor for malathion. 

 

In the case of commercial formulations of various 2,4-D derivatives, manufacturing 

impurities such as 2,4-dichlorophenol will serve the same purpose.  Punter (1983) 

reports the odour threshold of 2,4-dichlorophenol to be 0.17 g/m3 (0.025 ppb).  Based 

on a TLV-TWA of 10 mg/m3 for 2,4-D, the odour safety provided by 

2,4-dichlorophenol may be as high as 60,000.  A negative aspect for those chemicals, 

or mixtures of chemicals, that have very high odour safety factors is that undue concern 

about potentially hazardous exposures may be caused as a result of the odour being 

detected at such low concentrations. 
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The odour safety factors proposed by Amoore and Hautala (1983) relate to work place 

exposures and utilise TLV-TWA values.  The use of TLV-TWA values as health based 

ambient criteria for the repeated exposure of the general public is not favoured by many 

organisations because the general public has more sensitive individuals, e.g. children, 

pregnant women, the infirm and elderly, than the work place does.  For the general 

public, the TLV-TWA value is often divided by a factor of 30-100 to account for these 

sensitive groups and the potential of 24 hour exposure (United States Environmental 

Protection Agency, 1992).  However, in the case of the accidental exposure of a 

bystander to spray drift, the exposure time is generally limited (only minutes to hours).  

Therefore, the use of TLV-TWA as ambient criteria for the general public is considered 

to be appropriate. 

 

2.5 Summary of the Literature 

Potentially hazardous exposures to agrichemicals are only likely to occur in 

occupational situations when insufficient safety precautions are taken, through the 

deliberate ingestion of the agrichemical, or through accidents.  Dermal exposure is the 

most significant form of exposure in occupational situations, whereas exposure via 

inhalation is minimal.  Inhalation is also a very minor route of exposure for people 

living in urban or rural areas.  The accidental exposure of bystanders or the general 

public to spray drift is unlikely to result in agrichemical doses of sufficient magnitude to 

cause adverse health effects, either acute or chronic. 

 

In occupational situations, exposure to 2,4-D is similar to that for other agrichemicals.  

Dermal absorption is the most significant route of exposure, particularly for those 

handling the herbicide concentrates.  2,4-D exposure by inhalation is minimal.  The 

maximum recorded airborne concentration of 2,4-D in the breathing zones of workers is 

0.2 mg/m3 which is a factor of 50 below the TLV-TWA.  The minimum safety factor 

between the lowest quoted NOEL of 1 mg/kg body weight/day (dog) and the average 

absorbed internal dose when appropriate safety precautions are taken is 100.  The 

safety factor between the absorbed dose of a bystander to spraying and the lowest 

quoted NOEL of 1 mg/kg body weight/day is greater than 10,000.  For the general 

public in 2,4-D use areas the safety factor is greater than 30,000.  Given the large safety 

factors involved it would appear unlikely that adverse acute health effects would occur 
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even in the hypothetical worst case situation of being accidentally sprayed directly. 

 

Despite the evidence, there is still widespread public concern regarding potential 

adverse health effects resulting from exposure to spray drift.  It is considered that this is 

largely due to a lack of public understanding of the complex evidence regarding the 

health effects of agrichemicals.  This lack of understanding, combined with the 

involuntary nature of exposure to spray drift, accentuates a general fear for 

agrichemicals.  Agrichemicals that have an odour associated with their use promote 

even greater concern.  This is because those exposed can detect the presence of 

chemicals in the air and psychologically are lead to believe that they will suffer adverse 

health effects as a result.   

 

In the cases where complaints regarding agrichemical odours and health effects (mainly 

headaches and nausea) are made, the odours detected are often due to trace 

manufacturing impurities or the degradation products of the agrichemicals.  In 

instances where monitoring of the active agrichemical ingredient was undertaken, the 

measured airborne concentrations were well below the health protection guidelines.  

This is consistent with the findings of Shusterman et al. (1991) who found a strong 

correlation between the prevalence of several symptoms (headache, nausea, eye and 

throat irritation) and the frequency of detection of low level petrochemical odours from 

hazardous waste sites and degree of concern about environmental matters in general.  A 

potential explanation that the odours serve as a sensory cue for the manifestation of 

autonomic or stress related symptoms in individuals concerned about the quality of their 

neighbourhood environment is given by the authors. 

 

The odour associated with 2,4-D herbicides will predominantly be caused by the 

presence of trace phenolic impurities in the commercial formulations, in particular 

2,4-dichlorophenol.  Solvents may also be responsible for some of the odour.  The 

presence of 2,4-dichlorophenol will result in a large odour safety factor.  This has a 

negative aspect in that undue concern about potentially hazardous exposures may be 

caused as a result of the odour being detected. 
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Chapter 3  
GENERAL METHODS 

3.1 Odour Measurement 

3.1.1 Introduction 

Of all the five senses, our ability to detect odour is the least understood.  The ability to 

smell, which involves a more direct route to the brain than for the other senses, is our 

least developed sense.  The olfactory cilia (odour receptors) are situated high in the 

nasal cavity and are connected without synapse to the brain.  Odorants deposit on the 

olfactory cilia and cause a depolarisation of the cell membrane.  This electrical stimulus 

is transferred to the brain which interprets the information as an odour sensation. 

 

For a chemical to be odorous it must exhibit a number of basic properties.  Firstly, it 

must be volatile, and hence present in the gas phase, in order to enter the nose.  The 

chemical must be water-soluble to some extent so that it is able to penetrate the mucous 

layer on the olfactory cilia.  It must also be partially fat-soluble to allow penetration of 

the lipid containing membrane of the olfactory cilia.  Some researchers have linked 

types of odours such as “fishy” or “sweet” to the overall size and shape of the molecules 

(Amoore et al., 1964).  Slight changes in the molecular structure, for example 

stereoisomers, can lead to entirely different odour sensations (Buck and Axel, 1991).  

Most odours comprise of a few to several hundred different odorants.  It is difficult to 

predict the actual odour response for complex odours by investigating the individual 

chemicals present in the odour because some odorants influence the ability to perceive 

other odorants (Lynch and Barry, 1992). 

 

While not as discriminatory as some species such a dogs, the human sense of smell is 

still very sensitive.  Humans are able to detect certain chemicals at concentrations less 

than one part per billion parts of air.  
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3.1.2 Dimensions of Odour Perception 

The perception of odour in humans has four major dimensions.  These are threshold, 

intensity, character and hedonic tone. 

 

The odour threshold is the minimum concentration of an odorant required to stimulate the 

olfactory cilia.  Two types of odour thresholds are commonly reported in the literature: the 

detection threshold and the recognition threshold.  The detection threshold is the 

minimum concentration of an odorant required to give a sensory response in the olfactory 

receptors of a specified percentage of a given population.  When being evaluated by a 

panel of people, the detection threshold is usually defined as the minimum concentration of 

odorant required to be detected by 50 % of the panel members.  The recognition threshold 

is the minimum concentration of the odorant that is recognised as having a characteristic 

odour (odour character), e.g. “pig manure”, usually by 50 % of the test population.  

Recognition thresholds are typically 2-5 times the detection threshold. 

 

Odour intensity is the second dimension of odour perception.  It refers to the perceived 

strength of the odour.  Odour intensity increases as a function of concentration in a 

logarithmic fashion according to the Weber-Fechner function  

 

I = kw log (cod/cot)   (with cod >cot) 

where 

I  = perceived odour intensity 

kw   = Weber-Fechner coefficient 

cod   = odorant concentration 

cot   = odour threshold concentration 

 

The odour character is what the odour actually smells like, e.g. “manure” or “roses”. 

 

The hedonic tone of an odour is a relative measure of the pleasantness or unpleasantness of 

the odour. 
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3.1.3 Odour Measurement-Forced Choice Dynamic Dilution 
Olfactometry 

The most common method of odour measurement in use today is forced choice dynamic 

dilution olfactometry (Punter, 1983; Dravnieks et al., 1986; Nagy, 1991).  This technique 

involves the continuous dilution of a stream of odorous sample air with a stream of odour 

free air which is then presented to a panel of people via sniffing ports.  In addition to the 

sniffing port containing the diluted odour, each panellist is supplied with another 1 or 2 

sniffing ports which contain only odour free air.  The location of the odour between the 

ports is changed at random.  The panellists must sniff each of the ports and attempt to pick 

which one contains the odour.  They must make a choice even if they cannot detect any 

odour.  Hence the term "forced choice".  The forced choice technique eliminates the 

conservative response bias that is associated with the more simplistic "yes/no" techniques 

involving only one sniffing port (Koster, 1985). 

 

The odour concentration of samples of either pure odorants, or complex mixtures, are 

determined by finding the odour threshold of the sample.  The odour threshold is found by 

presenting the panel with a series of dilutions of the odour sample that cover the range 

from where none of the panel can detect the odour to where all the panel can detect the 

odour.  The odour threshold is the concentration of the sample where 50 percent of the 

panel can detect the odour.  Detection thresholds are most commonly measured by 

olfactometry. 

 

Odour Threshold -  The concentration of a substance or mixture of substances, which 

is distinguished from odourless air by 50 % of a test panel. 

 

The unit of odour concentration is the odour unit (OU).  By definition the odour threshold 

has an odour concentration of one odour unit per cubic metre of air (1 OU/m3).  The odour 

concentration of a sample is equal to the number of dilutions of the odour sample required 

to reach the odour threshold.  For example, a sample requiring dilution by a factor of 1000 

before reaching its odour threshold has an odour concentration of 1000 OU/m3.  For an 

odour comprising of a single chemical, the odour threshold may be represented as a mass 

of compound per volume of air (mg/m3 or g/m3) or as a volume ratio of the odorant to air 

(ppm or ppb).   
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3.1.4 Lincoln Environmental Olfactometer 

This study utilised the Lincoln Environmental Olfactometer, which is a computerised 

3-port forced-choice dynamic-dilution system, that uses eight calibrated panellists.  The 

olfactometer is designed to comply with and is operated under the guidance of the Draft 

European Standard for Odour Concentration Measurement by Dynamic Olfactometry 

(European Committee for Standardisation, 1997).  Its essential design parameters are as 

follows: 

 No. of panellists : 8  

 Response method : Forced choice 

 No of ports/panellists : 3 

 Air flow/port : 20 litres/min 

 Port angle : 4 

 Materials : Stainless steel, teflon, glass 

 Dilution range : 4-16,000 

 Communication/data collection : computerised 

 

Each sample determination was based on 2 “rounds”, where a “round” is the 

presentation of one dilution series of the sample to all of the panellists.  Each dilution 

series contained at least 5 dilutions arranged symmetrically around the expected odour 

threshold. 

 

When indicating their choice of port the panellists indicate if they were "guessing”, 

“uncertain” or “certain” about their choice.  From these responses it is possible to 

arrive at two endpoints.  The first is where the panellist is constantly correct in their 

choice of port without reference to guessing or being certain.  The second is where the 

panellist is constantly correct in their choice of port, but is also certain about the choice.  

On average, odour concentrations calculated using “certain” responses are half to one 

third that calculated using the “guessing” response.  In line with the Draft European 

Standard for Odour Concentration Measurement by Dynamic Olfactometry (European 

Committee for Standardisation, 1997) all measurements are based on “certain” 

responses. 
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The procedure to calculate the odour threshold of a sample from the olfactometer 

response data assumes that the individual threshold estimates for the panellists are 

log-normally distributed.  Several methods exist to determine the odour threshold of a 

sample (Dravnieks et al., 1986; Jones, Watts et al., 1992).  The procedure to be used in 

this study is a variation of the “Individual Thresholds Method” as follows: 

 

For each “round”: 

 

1) The individual threshold estimate is established for each panellist.  This is the 

geometric mean of the dilution factor after which the panel member continued to 

chose the correct port and were certain in their choice, and that of the previous 

dilution factor where they were either wrong in their choice of port or were correct 

but either guessing or uncertain. 

 

2) The result for that “round” is calculated as the antilogarithm of the arithmetic mean 

of the logarithms of all the panellists individual threshold estimates. 

 

The arithmetic mean of the results of the individual “rounds” is then computed and 

multiplied by the sampling pre-dilution factor to calculate the odour concentration of the 

sample.  An example of the calculation procedure is in the following page. 

 



Example Calc ulat ion of Sample Odour Concentration 

- Indiv idual Threshold Method 

The panellist results for a presentation series of successive dilutions of an odour sample 

are shown in the following table ( + = con ect choice, - = wrong choice, g = guessing, 

u = unce1tain, c = ce1t ain). The dilution factors corresponding to either the last 

inconect choice or con ect yet not ce1t ain choice and the first successive correct and 

certain choice for each are shown by the shading. The individual threshold of each 

panellist is the geometric mean of these two values. The odour threshold for the 

sample is the calculated as the antilogarithm of the arithmetic mean of the logarithms of 

the individual panellists thresholds. 

Panellist Dilution Factor Individual Log Individual 
Threshold Th1·eshold 

1024 512 256 128 64 32 Estimate Estimate 

Round 1 
- g +g - u + g + c + c 91 1.959 

2 + g - u - c + c + c + c 181 2.258 

3 - u + c + c + c + c + c 724 2.860 

4 - g - g - u + u + c + c 91 1.959 

5 - g - u + c + c + c + c 362 2.559 

6 - g - g +u - u + c + c 91 1.959 

7 - g +u - c + c + c + c 181 2.258 

8 - g - u + c + u + c + c 91 1.959 

Total 17.771 

Arithmetic Mean 2.221 
Odom- Concentration Round 1 = 166 

Round 2 
- g - g - u + c + c + c 181 2.258 

2 - u + c + c + c + c + c 724 2.860 

3 + g - u - c + c + c + c 181 2.258 

4 - g - u + c + u + c + c 91 1.959 

5 - u + c + c + c + c + c 724 2.860 

6 - g +u - c + c + c + c 181 2.258 

7 - g - g - u + u + c + c 91 1.959 

8 - g - u + c + c + c + c 362 2.559 

Total 18.971 

Arithmetic Mean 2.371 

Odom- Concentration Round 2 = 235 

Average Odour Concentration = 201 

Sample Odom- Concentration (OU/m3
) 201 x 11 

= Average Odom- Concentration x Sampling Pre-dilution Factor = = 2211 
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3.1.5 Ethical Approval 

The olfactometric analysis of the herbicide odour samples involved the odour panellists 

inhaling extremely diluted samples of the herbicide odours.  Therefore, prior to 

beginning the odour measurement, the safety of the panellists had to be assured. 

 

The TWA-TLV value for all forms of 2,4-D is 10 mg/m3 for an 8-hour exposure, 5 days 

per week (Occupational Safety and Health Service, 1992).  Previous work by May et 

al. (1993) have shown that the concentration of 2,4-D butyl ester within their spray 

chamber was no higher than 1 mg/m3 which is itself below the TWA-TLV.  The 

present study utilised more concentrated spray solutions, therefore, higher 

concentrations within the spray chambers were expected.  However, dynamic 

pre-dilution of the odours within the chambers while sampling was known to be 

required in order for the samples to fit within the dilution range of the olfactometer.  

The samples would then be subjected to additional dilution during their analysis in the 

olfactometer.  The total dilution required to reduce the odour within the spray chambers 

to the odour threshold was expected to be in the order of several thousand times.  

Hence the panellists would be presented with maximum concentrations of 

approximately 1 g/m3.  This is four orders of magnitude below the currently acceptable 

TWA-TLV value for 2,4-D.  Similar maximum concentrations were expected for MCPA 

and 2,4-dichlorophenol.  Because the testing procedure is designed to avoid olfactory 

adaptation during a measurement session of 3-4 hours, the panellists would only be 

presented with concentrations of this magnitude for a total of less than 10 minutes.  In 

addition, there were several days between measurement sessions.  

 

The absorbed dose via inhalation for all the species to be tested was estimated to be 

extremely small and significantly below the relevant health protection criteria.  On this 

basis, ethical approval from the Canterbury Ethics Committee of the Southern Regional 

Health Authority was applied for and obtained.  It was necessary to apply to this body 

since at that time Lincoln University did not have a human ethics committee.  A condition 

of the approval was that pregnant women, and women planning to become pregnant, could 

not participate in the study. 
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3.1.6 Selection of Odour Panellists 

Interviews for odour panellists occurred in September 1996 and again in February 1997.  

People of either sex between the ages of 16 and 60, non-smokers and in good health were 

advertised for in local newspapers, and on Lincoln University’s electronic mail system.  

As per the requirements of the ethical approval, an information sheet and consent form 

(Appendix I) were sent out to 70 applicants on each occasion.  Approximately half the 

initial applicants from each intake returned the forms and participated in the selection 

process. 

 

Panellists were selected according to the requirements outlined in the Draft European 

Standard for Odour Concentration Measurement by Dynamic Olfactometry (European 

Committee for Standardisation, 1997).  They were screened in the olfactometer using a 

beta standard cylinder of 60 ppm n-butanol in balance nitrogen.  Ten individual 

thresholds estimates based on certainty criteria were obtained for each panellist over 

3 days, with at least one day between each session.  As per the Standard, the data for 

each panellist had to meet the following criteria: 

 

 the antilog of the standard deviation calculated from the logarithms of the individual 

threshold estimates, expressed in mass concentration units of the reference gas, had 

to be less than 2.3. 

 the geometric mean of the individual threshold estimates sITE, expressed in mass 

concentration units of the reference gas, had to fall between 0.5 and 2 times the 

accepted reference value for that reference material (for n-butanol 62 to 246 µg/m3 = 

0.020 to 0.080 µmol/mol or ppm). 

 

Approximately one third of those interviewed were suitable for inclusion in the odour 

panel.  Routine n-butanol testing of the panellists at the beginning of each measurement 

session was conducted.  Some panellists did not always meet the required criteria.  

Several others were not used on the panel as they were significantly (>20%) outside the 

criteria.  However, because of the difficulty in obtaining panellists for this work it was 

decided to continue to use some panellists who were only slightly outside (<20%) the 

criteria.  The effect of variations in the average panel n-butanol threshold is discussed 

in sections 4.4.2 and 4.5. 
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3.2 Chemical Analysis 

3.2.1 Materials 

3.2.1.1 XAD-4 Resin 

Amberlite XAD-4 resin was obtained from the Sigma Chemical Company as wet mesh 

size 20-60 beads.  Before use the resin was cleaned by the following procedure to 

remove any background contamination.  150 g of wet (41% moisture content) resin was 

added as a slurry in distilled water into a 1000 ml sealable glass Schott® bottle and 

shaken with a further 250 ml of distilled water.  The mixture was allowed to settle and 

the liquid decanted off.  This was repeated a second time.  250 ml of methanol was 

added and the bottle shaken for one hour on a mechanical tumbler.  The liquid was 

decanted off and 250 ml of acetonitrile added.  After one hour of shaking the procedure 

was repeated using acetone.  A Buchner funnel was then used to remove any remaining 

acetone from the resin.  The resin was then dried at 50 C in an oven for two days until 

it was free flowing and all traces of acetone odour were gone.  This method is similar 

to that used by other researchers (Farwell et al., 1977; Grover and Kerr, 1978; Robinson 

and Fox, 1978; Kilgore et al., 1984; de Beer et al., 1989) except that the soxhlet 

extraction step was omitted.  Minimal levels of background contaminants in the resin 

were achieved without the soxhlet extraction step. 

 

3.2.1.2 Analytical Standards 

Analytical standards of 2,4-D acid, 2,4-D butyl ester, 2,4-D ethylhexyl ester, 

2,4-dichlorophenol and MCPA were supplied by DowElanco (NZ) Ltd.  All standards 

were 99.4% or greater in purity.  The standard used to make the 2,4-dichlorophenol 

odour samples was 99.9% pure.  For GC and HPLC analysis, calibration standards of 

appropriate concentrations were made from 1000 ppm in acetonitrile stock solutions. 

 

3.2.1.3 Solvents  

Solvents used were either ChromAR®HPLC grade or Nanograde® supplied by 

Mallinckrodt.  The 0.05N NaOH in 20% aqueous methanol solution used for the 

desorption of 2,4-D amine and MCPA from the XAD-4 sampling columns was prepared 

by dissolving 2 g of NaOH in 200 ml of distilled water which was then added to 800 ml 

of methanol. 
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3.2.2 Analytical Equipment 

Samples of 2,4-D butyl ester, 2,4-D ethylhexyl ester and 2,4-dichlorophenol were 

analysed without derivatisation on a Hewlett Packard 5890 Series 2 Gas Chromatograph 

equipped with a Hewlett Packard 5971 Series Mass Selective Detector.  Two columns 

were used in the analysis depending on what other compounds were being analysed in 

the laboratory at the time.  Both functioned equally well for the three compounds.  The 

first column was a 30 m Alltech Pesticide Capillary Column with an inside diameter of 

0.25 mm and a film thickness of 0.25 µm.  The second column was a 50 m Hewlett 

Packard Ultra 2 Capillary Column with a film thickness of 0.33 µm.  For 2,4-D butyl 

ester the injector and detector temperatures were 220oC and 280oC respectively.  For 

2,4-D ethylhexyl ester and 2,4-dichlorophenol the injector and detector temperatures 

were 250oC and 300oC respectively.  Column temperature was programmed to increase 

incrementally during the analysis cycle, the starting temperature and rate of increase 

varied according to the compound being analysed. 

 

Samples of 2,4-D amine and MCPA, both in the acid form, were analysed using a 

Shimadzu CTO-10A HPLC equipped with a Shimadzu SPD-M10A Diode Array 

Detector.  The column used was a 250 mm LiChrospher 1000 RP18 with a particle size 

of 5 µm.  The column temperature was 40oC. The mobile phase (flowrate 1 ml/min) 

was 60% methanol and 40% of a solution of 1% acetic acid in water. 

 

For all analyses the compound concentrations were determined by comparing the peak 

areas of the test samples with the peak areas of a series of calibration standards prepared 

from known analytical standards.  For the determination of 2,4-D amine and MCPA 

chromatograms of XAD-4 column blanks were subtracted from the sample 

chromatograms to remove interference from peaks that had similar retention times to 

2,4-D amine and MCPA.  These unidentified compounds were present in the XAD-4 

despite the cleaning procedure.  This blank subtraction procedure was performed via 

computer and resulted in good 2,4-D amine and MCPA peaks once conducted. 
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3.2.3 Method Development 

3.2.3.1 Initial Investigations 

Several methods for sampling the vapours within the spray chambers and odour sample 

bags were investigated and trialed. 

 
3.2.3.1.1 Filter Cassette Method 

Initially a method obtained from the American National Institute for Occupational 

Safety and Health (Method 5001, NIOSH Manual of Analytical Methods) obtained via 

SKC (Inc) for the sampling of 2,4-D and 2,4,5-T in occupational factory situations was 

trialed.  The method specified that it determined 2,4-D and 2,4,5-T acids, plus their 

salts but not their esters. Despite this, the method was trialed for 2,4-D butyl ester as 

other researches had found that glass microfibre filters were capable of collecting up to 

99% of the active ingredient (May et al., 1993).  The method utilised binderless glass 

microfibre filters (pore space 1 µm) contained in a filter cassette.  The filter cassette 

was attached to a sampling pump by means of flexible plastic tubing.  The filters were 

used to test the level of active ingredient within odour samples of 2,4-D butyl ester, 

2,4-D amine and MCPA generated for initial odour analysis tests.  The analyte was 

removed from the filters by soaking in methanol for 30 minutes and analysis conducted 

by GC/MS for 2,4-D butyl ester and HPLC for 2,4-D amine plus MCPA.    No active 

ingredient was found in any of the odour samples.  Either the levels of active ingredient 

in the odour samples were below the limit of detection of the technique, or the glass 

microfibre filters were not acting as an effective trapping medium. 

 

On a further set of odour samples it was decided to retry the filters but with the filter 

cartridges full of approximately 2 g of XAD-4 resin in addition to the glass filter.  

XAD-2 and XAD-4, which are porous polystyrene divinylbenzene resins, have been 

used by a number of authors to trap airborne pesticide residues (Lavy et al., 1980; 

Draper and Street, 1982; Lavy et al., 1982; Kilgore, Fischer et al., 1984; Brown and 

Hodgkinson, 1986; de Beer et al., 1989; May et al., 1993).  XAD-4 resin has a higher 

active surface area (725 m2/g) than XAD-2 resin (330 m2/g).  It was thought that the 

addition of XAD-4 would trap any herbicide vapours passing through the filters.  Once 

more, no active ingredient was detected in any of the odour samples indicating that the 

odour samples contained little, if any, of the herbicide active ingredients.  This was 

consistent throughout the study.  The use of the XAD-4 within the filter cassettes was 
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also problematic in that the inlet of the cassette was small (2 mm diameter) in contrast 

to the actual cartridge itself (37 mm diameter).  This would have resulted in the 

majority of the air flow passing through the 10 mm deep cartridge and out the outlet (2 

mm) opposite the inlet without contacting much of the resin.   

 

As a final trial of the method, a filter cassette with XAD-4 was used to sample the 

vapours within the 2,4-D butyl ester spray chamber.  After mixing the spray solution, 

then spraying it for several minutes, 42 litres of air from within the chamber was 

sampled at a rate of 2 litres/min into the filter cassette 30 seconds after the spraying had 

stopped.  The resulting concentration was 86 g/m3.  This result was considerably 

lower than the concentrations of active ingredient measured in the spray chamber of 

May et al. (1993) who used a much more dilute 2,4-D butyl ester solution.  It showed 

that the while the filter cassette method was capable of trapping 2,4-D butyl ester from the 

spray chamber, it was not capable of providing quantitative measurements. 

 
3.2.3.1.2 Investigation of Ready Made Sampling Tubes 

With the failure of the filter cassette method, a number of other sample collection 

methods were investigated.  A number of researchers looking at the levels of exposure 

of applicators to various agrichemicals utilised small diameter (6-8 mm) sampling tubes 

which contained solid adsorbents such as XAD-2, XAD-4 and fluorosil (Libich et al., 

1984; de Beer et al., 1989; Canadian Centre for Toxicology, 1991) Many such tubes 

may be purchased directly from laboratory supply companies.  Such small internal 

diameter tubes were judged unsuitable for this study as the maximum flow rate through 

many of the tubes was 1 litres/min.  At such a low flow rate, and in order to get the 

necessary sensitivity, it would have taken up to one hour to sample the 60-70 litres of 

herbicide odour left in each sample bag after the completion of the odour analysis. 

 

Other more recent studies have used polyurethane foam as the trapping medium (Grover 

et al., 1985; Grover et al., 1986).  The foam is enclosed in a wide bore (20-45 mm 

diameter) glass tube that is open at one end.  While these tubes can accommodate 

higher sampling velocities, that would have been suitable for this study, the open nature 

of one end of the tube would not have made it possible to connect the tube to the outlet 

of the odour sample bag. 
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3.2.3.2 XAD-4 Sampling Columns 

The literature yielded a number of studies which had used either XAD-2 or XAD-4 

resin in custom made sampling columns for the monitoring of the airborne residues of 

various forms of 2,4-D (Farwell et al., 1977; Grover and Kerr, 1978; Robinson and Fox, 

1978).  The glass columns used were 15-19 mm in diameter and filled with 3-4 g of 

resin held in place by glass wool plugs.  The wider inside diameter of the tubes allowed 

much higher sampling rates, 5-10 litres/min, and this was more applicable to this study. 

 

Rather than having sampling columns manufactured, glass liquid chromatography 

columns (15 mm inside diameter x 50 mm in length) were purchased.  These columns 

have polypropylene male Luer® lock end fittings, the bottom one having a glass frit to 

hold the resin in place.  The tubes were filled with 4 g of cleaned XAD-4 resin and a 

plug of glass wool above the resin used to hold it in place.  The tubes were sealed with 

female Luer® lock plugs before and after sampling.  The system used to sample the 

herbicide vapours from the spray chambers is shown in Figure 1. 

 

A small sample probe connected to the top of the columns was inserted 50 mm into the 

spray chamber through the sample port (Figure 2, page 49).  The tubes were connected 

to a vacuum pump by means of flexible tygon tubing.  Air flows were measured using 

rotameters.  Prior to each sample being taken the flow rate of air into the sampling tube 

was set by adjusting Valve 1 and Rotameter 2.  Rotameter 1 was used to monitor for 

significant flow changes during sampling.  At the completion of sampling the flow rate 

was checked again using Rotameter 2. 

 

The same system was used to sample for active ingredient in the odour sample bags, 

except that a shorter probe which attached directly to the outlet of the bag was used. 
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Figure I: Chemical Sampling Apparatus 

3.2.3.3 Sample Elution 
Two separate solvent systems were used for the elution of the herbicides from the 

sampling columns. For the butyl and ethylhexyl esters of 2,4-D, 100 ml of acetonitrile 

was used. The elution took approximately 30 minutes after which the samples were 

rotaiy evaporated to "ahnost" diyness and made up to 0.25-4 ml in acetonitrile 

(depending on their expected concentration) for analysis. 

Initially for 2,4-D amine and MCPA, methanol was trialed as the elutant as per NIOSH 

Manual of Analytical Methods Method 5001. Poor recoveries (<50%) were obtained 

even after soaking the resin in the elutant for 30 minutes. Acidified methanol as the 
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elutant also resulted in poor recoveries.  Farwell et al. (1977) had obtained good 

recoveries using 0.05N KOH in 20% aqueous methanol.  They had then acidified the 

solvent to pH <2 using sulphuric acid, extracted the herbicide into diethyl ether, then 

methylated with bromine trifluoride/methanol reagent prior to GC/ECD measurement.  

For this study HPLC had been established as a suitable detection method for 2,4-D 

amine and MCPA in the initial trials.  The method of Farwell et al. (1977) was trialed 

except that 0.05N NaOH in 20% aqueous methanol was used and the derivatisation was 

not conducted.  Elution times for the columns were approximately 30 minutes.  

Following the acidification and extraction into diethyl ether, a solvent swap into 

acetonitrile was conducted.  The samples were then rotary evaporated to “almost” 

dryness and made up to 0.25-4 ml in acetonitrile (depending on their expected 

concentration) for analysis.  Using this system good recoveries (>80%) for both 2,4-D 

amine and MCPA were obtained. 

 

During the sampling of herbicides from the spray chambers, some active ingredient 

adhered to the short sample probe (approximately 100 mm) prior to the sampling 

column.  In order to collect this residue, the sampling probe was rinsed with acetone 

into a small container immediately after sampling.  This rinse was added to the round 

bottom flask containing the residues from the sampling column as soon as the elution 

was complete, before any further processing of the sample. 

 

Testing of the 2,4-D butyl ester odours was conducted prior to the others since the 

analytical methods were finalised for this compound first.  Due to the volatility of 

2,4-D butyl ester, it was initially thought that negligible active ingredient would adsorb 

to the sampling probe.  Thus, all the tests for 2,4-D butyl ester were conducted without 

rinsing the probe and adding this to the residue eluted from the sampling column.  The 

probe rinsing was conducted for the other three herbicides which, due to their much 

lower vapour pressures, were expected to adsorb to the probe.  Significantly higher 

spray chamber concentrations were obtained for these herbicides which made it 

apparent that at least some adsorption to the probe was occurring in the case of 2,4-D 

butyl ester also.  Rather than conducting the entire sampling programme for 2,4-D 

butyl ester again it was decided to determine the amount of compound adsorbing to the 

probe.  Four replicate tests on the vapours within the spray chamber were conducted.  

For each replicate the probe was rinsed and the residue analysed separately from that 
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eluted from the sampling column.  The result was that on average the sampling 

columns contained 42% of the total amount of compound, whereas the probe collected 

the remaining 58%.  It was therefore necessary to correct all the values for the chamber 

concentrations of 2,4-D butyl ester (section 4) for an average recovery of 42%.  This 

correction was applied after the correction required for the Dynamic Retention 

Efficiency (see below) of the sampling columns. 

 

3.2.3.4 Determination of Effectiveness of Sampling Method 

The effectiveness of the sampling method for each herbicide was tested in detail using a 

variation of a method used for the evaluation of polyurethane foam plugs used for 

volatile herbicide sampling (Winberry et al., 1990).  Columns with 4 g of XAD-4 were 

spiked with 10 µg of analytical standard.  The solvent was left to evaporate for 

2 minutes and the column was placed in the sampling system.  The column was 

aspirated with clean air at 6.0 litres/min for 5 minutes (the sample volume used for all 

sampling from the spray chambers) and then capped.  This determines the amount of 

compound retained on the sampling medium and is often termed the Dynamic Retention 

Efficiency (%REd).  %REd is calculated as follows: 

 

columnaspiratedspikedtoadded)g(compoundofamount
100)erycovreanalyticalforcorrected(column
aspiratedspikedfromeredcovre)g(compoundofamount

RE% d





  

 

A second unspiked column was aspirated at the same rate to account for any 

background levels of components in the ambient air.  A third column was spiked at 

10 µg and extracted to determine the analytical recovery.  This procedure was 

conducted in triplicate for each of the four herbicides.  None of the aspirated blank 

samples contained herbicide residues.  The results are shown in Table 8. 
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Table 8: Dynamic Retention Efficiency of XAD-4 Sampling Columns 

Herbicide Dynamic Retention Efficiency  
(%REd) 

2,4-D Butyl Ester 82 
 107 
 83 

average 90 

2,4-D Ethylhexyl Ester 100 
 100 
 106 

average 102 

2,4-D Amine 84 
 104 
 121 

average 103 

MCPA 126 
 101 
 99 

average 109 

 

The %REd values for 2,4-D ethylhexyl ester, 2,4-D amine and MCPA are all slightly 

greater than 100%.  Clearly, this is not possible.  It results from minor variations in the 

integration of the chromatogram peak areas.  For the purposes of this study the %REd 

values for 2,4-D ethylhexyl ester, 2,4-D amine and MCPA have been taken to be 100%.  

Therefore, the sampling results for these species require no correction for %REd.  For 

2,4-D butyl ester the value of %REd is 90.  This indicates that 10% of the material on 

the XAD-4 resin was lost during the aspiration process.  The sampling results for 2,4-D 

butyl ester (section 4) have therefore been corrected to account for this.   

 

Clearly, the determination of %REd only measures the amount of compound lost from 

the collection medium during the sampling period.  It does not measure the efficiency 

at which the compound is adsorbed on to the collection medium during sampling, and 

hence, is only an indirect measure of the overall sampling efficiency (%SE).  

Procedures are available to determine the %SE.  For example, Farwell et al. (1977) and 

Grover and Kerr (1978), utilised a heated “U tube” with a known amount of herbicide 

placed in it to determine the sampling efficiency of their sampling columns.  Air was 

drawn through the “U tube” at the required sampling rate until the required sample 
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volume was obtained, and the volatilised herbicide was collected in two sampling 

columns connected in series to the “U tube”. The sampling efficiency is calculated from 

the amount of herbicide remaining in the “U tube” and that detected in the sampling 

columns.  USEPA Method T010 (Winberry et al., 1990) uses a similar method, but 

with a midget impinger rather than a “U tube”, to test the effectiveness of polyurethane 

foam plugs used for volatile herbicide sampling.  Both methods utilise long sampling 

periods (4-24 hours), and hence much greater volumes of air than those used in this 

study, as they are designed for taking longer term average samples of ambient airborne 

herbicide residues.  It is likely that if such determinations of %SE were done in this 

study, insufficient herbicide for analysis would volatilise from the “U tube” or midget 

impinger in the 5 minute sampling period used.  USEPA Method T010 states that 

%REd values are generally lower than %SE values, i.e. using %REd underestimates the 

efficiency of the sampling system.  For 2,4-D amine, 2,4-D ethylhexyl ester and MCPA 

which have %REd values slightly greater than 100% this is of little consequence.  For 

2,4-D butyl ester with a %REd value of 90%, the true efficiency of the sampling systems 

will be slightly higher. 

 

In addition to measuring the %REd values of the sampling system for each of the four 

herbicides, during each episode of testing a 10 g field spike and blank column were 

analysed.  This allowed the spray chamber samples to be corrected for the analytical 

recovery of the sampling columns in the laboratory and any background levels of the 

compounds at the sampling site. 

 

It must be noted that the 10 g amount used to spike the sampling columns to determine 

%REd values and the analytical recovery was often lower than the amounts detected in 

the actual testing programme.  Generally these where within one order of magnitude of 

10 g.  In their analysis of the sampling efficiency of XAD-4 resin columns for 2,4-D 

butyl ester and 2,4-D iso-octyl ester Grover and Kerr (1978) reported consistent results 

over four orders of magnitude.  It is therefore considered that the values for %REd and 

analytical recovery used in this study are consistent over the range of concentrations 

measured. 
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3.3 Data Analysis Techniques 

Calculation methods for determining odour concentrations assume the odour thresholds 

of the individual panellists are log-normally distributed (Jones et al., 1992; European 

Committee for Standardisation, 1997).  When repeat measurements are conducted on 

the same source or sample, the distribution of the individual sample results is also 

assumed to be log-normally distributed (Kruize, 1997).  Tests on whether the measured 

variables in the present study followed a log-normal distribution were performed using 

the Shapiro-Wilk Test (Shapiro and Wilk, 1965).  Most of the variables were 

log-normally distributed.  For such data sets, log transforming the data and taking the 

antilogarithm of the mean of the log transformed data provides a better measure of 

central tendency than a simple arithmetic mean of the untransformed data.   

 

Due to the log-normal distribution of most of the data, non-parametric statistical tests 

(see below) were used to compare the various data sets.  The extent of correlation 

between the herbicide odour concentrations and the various physical parameters, such as 

sampling temperature and active ingredient concentration were examined by calculating 

Spearman’s rank correlation coefficients.  A correlation coefficient of 1 indicates the 

ranks of the data are in perfect agreement, i.e. the y values increase as x values increase 

over the full range of x values being considered.  A (-)1 correlation coefficient indicates 

a perfect negative relationship, where the y variable decreases as the x variable 

increases.  The nearer the correlation coefficient is to zero the poorer the relationship.  

The statistical significance of the correlation coefficient’s were tested (two tail test) 

using the null hypothesis that the correlation coefficients were zero.  The null 

hypothesis was rejected if the calculated correlation coefficient was greater than the 

critical value obtained from the appropriate statistical table.  The Kruskal-Wallis test 

and Bonferroni Inequality Procedure were used to determine if there were statistically 

significant differences in the mean odour concentrations of the four commercial 

herbicides (Harraway, 1993).  A Mann-Whitney test (two tail test) was performed to 

determine if there was a significant difference in the mean odour concentrations of the 

odour samples of pure 2,4-D ethylhexyl ester and the blank odour samples.  
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Chapter 4   
COMPARATIVE TESTING OF THE COMMERCIAL 
HERBICIDE FORMULATIONS 

4.1 Introduction 

The commercial formulations of the various 2,4-D derivatives all result in a noticeable 

odour downwind from the application site.  The same is true for MCPA which is a 

common alternative to 2,4-D based herbicides.  The magnitude of the odours generated 

is of interest because those with a lower rate of odour generation may be more 

appropriate for use in areas where the odour is likely to cause public concern.  Review 

of the literature has indicated that a large margin of safety may exist between airborne 

herbicide concentrations of toxicological significance and those likely to be present 

when a “faint” to “moderate” herbicide odour is detected. 

 

4.1.1 Objectives 

1) To measure the odour concentrations of air samples of the herbicides 2,4-D butyl 

ester, 2,4-D ethylhexyl ester, 2,4-D amine and MCPA, when used at rates typical to 

those used for aerial applications in the field. 

 

2) To rank the four herbicides in terms of their potential to result in odours downwind 

from an application site. 

 

3) To determine the safety factor between the odour threshold for each herbicide and 

its occupational safety and health TLV-TWA value. 

 

4.2 Equipment and Materials 

4.2.1 Spray Test Chambers 

A series of three spray test chambers, similar to that developed by May et al. (1993) 

were produced (Figure 2).  Each chamber consisted of a 100 litre polyethylene drum 

complete with a removable lid.  A PVC pipe was fitted horizontally through the centre 

of the drum at a height of 550 mm.  A single spray nozzle (Spraying Systems Teejet 

8004) was attached to the pipe, in the centre of the chamber, facing vertically 
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downwards.  The inlet side of the pipe was connected to a three-way manifold (M1) via 

pressure hose.  The pipe had a tap connected to the exit end, followed by a hose which 

re-entered the back of the chamber 20 mm above its base.  In the base of the chamber at 

the front was an outlet connected to a hose which was in turn attached to a further 

three-way manifold (M2).  Manifold M1 was connected via pipe to the outlet side of a 

“trial D” spray pump.  Manifold M2 was connected via pipe to the inlet side of the 

pump.  A small re-circulation system was added at the pump inlet and outlet to allow 

the pressure within the system to be regulated in a finer manner than that allowed by the 

single valve (V1).  The manifolds allowed each chamber to be used separately without 

the need to change the inlet and outlet pipes from the pump between the chambers.  

Only one chamber was capable of operation at a time. 

 

An air inlet pipe was inserted from the top of each chamber at the back, and extended 

vertically to within 100 mm of the chamber base. 

 

The three chambers were surrounded by a 1800 x 780 x 600 mm deep plastic tank that 

acted as a water bath regulating the temperature of the spray chambers.  The chambers 

were held 25 mm off the bottom of the tank by pieces of wood and were stopped from 

floating by two 10 mm diameter steel bars inserted through the tank walls and through 

the sides of each chamber. 

 

The removable lid allowed the water and herbicide concentrate to be added to the 

chambers.  A 6 mm diameter hole in the front of each chamber above the spray nozzle, 

at a height of 650 mm, allowed the entry of the sampling probes into the chamber. 

 

Two temperature probes (miniature bead thermistors) were located within each 

chamber.  One was positioned within the re-circulating spray mixture at the base of the 

chamber.  The second was positioned in the air within the chamber at the same height 

as the sampling hole.  A probe was also located towards the base of the water bath.  

The temperature probe outputs were logged on to a PC via a Campbell CR10 

datalogger.  The readings from the temperature probes were checked against a digital 

thermometer and found to be accurate within 0.1C.  The digital thermometer was itself 

checked against a mercury thermometer and found to be accurate within 0.1C also. 
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4.2.2 Commercial Herbicide Formulations 

All the herbicides tested were supplied by DowElanco (NZ) Ltd.  The herbicide 

specifications are given in Table 9. 

 

The formulations were diluted with water (obtained from a bore on the testing locality) 

to a rate equivalent to that typically used for aerial thistle spraying operations as shown 

in Table 9.  The rate of water application per hectare of 30 litres was chosen after 

consultation with DowElanco (NZ) Ltd, Nufarm (NZ) Ltd and the Northland Regional 

Council.  It represents the lower end of water rates used, and hence represents a 

potential “worst case” scenario.  In practice, each chamber required only 5 litres of 

water, so the amount of commercial herbicide added was reduced from that shown in 

Table 9 by a factor of 5/30. 

 

Table 9: Commercial Herbicide Formulations 

Name Active Ingredient1 CAS # Application Rate  
(litres/ha) 

Hi-Ester 2,4-D 690 g/litre 2,4-D as the butyl ester in the 
form of an emulsifiable concentrate. 

94-80-4 1.5 

2,4-D Amine 400 g/litre 2,4-D as the triethanolamine 
salt in the form of a soluble concentrate. 

2569-01-9 3.0 

Pasture-Kleen 520 g/litre 2,4-D as the ethylhexyl ester 
in the form of an emulsifiable 
concentrate 

1928-43-4 2.0 

MCPA  375 g/litre MCPA as the potassium salt 
in the form of a soluble concentrate. 

5221-16-9 3.0 

Notes: 

1) All g/litre values related to grams of 2,4-D acid “equivalents” as stated on the product 
label. 

 

4.2.3 Odour Sampling Equipment 

Initial trials showed that the odours generated within the spray chambers were too 

strong to be directly analysed by the olfactometer.  As a result, a dynamic dilution 

venturi sampling probe was used.  This enables the odorous gases to be pre-diluted 

with odourless carbon filtered nitrogen by factors of 5-25 before entering the sample 

bag.  As well as diluting the odours to fit within the optimum dilution range of the 

olfactometer, the nitrogen acts to preserve the odour samples prior to analysis by 

reducing sample temperature, humidity, and oxygen content. 
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The odour samples were predominantly collected into 80 litre disposable mylar samples 

bags.  Tedlar sample bags were used in one instance (section 4.4). 

 

4.3 Development and Validation of Odour Sampling 
Methods 

4.3.1 Initial Odour Testing Trials 

Initial trails were conducted on three of the herbicides (2,4-D butyl ester, 2,4-D amine 

and MCPA) to determine the magnitude of the concentration of odour generated when 

they were sprayed within the test chambers.  For these, and all subsequent tests on the 

commercial herbicides, the odour samples were analysed by the olfactometer within 

5 hours of being collected.  This was to minimise degradation of the samples with time.  

It is significantly lower than the maximum 30-hour period between sampling and 

analysis allowed by the European Standard. 

 

The spray chambers were operated at a pressure of 300 kPa when tap 1 was closed and 

the system set in spray mode (Figure 2).  The system was regularly calibrated with a 

measuring cylinder and stop-watch to ensure the correct rate of flow from the nozzles 

was occurring. 

 

The sampling procedure (later modified) is detailed below: 

 

 Five litres of water followed by the required amount of commercial herbicide 

formulation was added to the chamber. 

 

 With tap 1 (Figure 2) open, the solution was mixed using the pump for several 

minutes without the nozzle in operation. 

 

 Tap 1 was closed and the solution sprayed for 2 minutes to saturate the air within the 

chamber with herbicide vapour. 

 

 The spray pump was then switched off and the chamber left to settle for 30 seconds. 
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 The odour sampling probe was then inserted into the chamber and the odour bag 

half filled with the diluted odour.  This was subsequently expelled from the bag. 

 

 The system was sprayed again for 1 minute and 30 seconds. 

 

 Thirty seconds after stopping the spraying, the sampling probe was again inserted 

into the chamber and the odour bag filled completely with the diluted odour from 

the probe.  At a flow rate of 9 litres/min of diluted odour from the probe 

approximately 9 minutes were required to fill the odour bag. 

 

The entry of any large droplets into the sampling probe could result in significant 

variations in the results.  The 30 second period between the stopping of the spraying 

and the sample collection allows sufficient time for any spray droplets to have settled 

out of the air within the chamber, leaving only the odour in the vapour phase (May et 

al., 1993).  The initial flushing of the sample bag and probe aids to reduce any 

adsorption effects of the odour onto the walls of the sample probe, connecting tubing 

and sample bag. 

 

During the withdrawal of odour from within the chamber by the sampling probe, air was 

entering the chamber through the air inlet pipe.  The maximum rate of odour being 

withdrawn from the spray chamber by the sampling probe was 1.1 litres/min 

(corresponds to 9 litres/min diluted odour exiting sample probe).  Over a nine minute 

period this would result in approximately 10 litres of fresh air being introduced to a 

volume of 100 litres of odour.  At the end of the sampling period the total dilution of 

the odour within the chamber by the incoming air would be a factor of (100 + 10)/100 = 

1.1.  As this value was low, and would only reach this maximum value at the end of the 

sampling period, the correction of the sampling probe pre-dilution factor by the minimal 

progressive dilution occurring within the chamber was considered to be unnecessary. 

 

The initial tests yielded odour concentrations in the range of 4,000-34,000 OUc/m3 for 

the three herbicides.  The relative ranking of odour concentrations was 2,4-D amine 

< 2,4-D butyl ester < MCPA.  The tests verified that the sampling methodology was 

suitable to measure the strength of the herbicide odours.  Sampling pre-dilution factors 

of 10-20 were employed for the tests.  Despite the sample pre-dilution the odours were 
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quite strong and took along time (15-30 minutes) to flush completely out of the 

olfactometer.  This resulted in longer odour analysis sessions than originally envisaged. 

 

4.3.2 Temperature Control 

The amount of odour and active ingredient in the spray chamber present after spraying 

will increase with increasing temperature as a result of greater amounts of volatilisation 

from the spray droplets and the recirculating spray in the chamber bottom.  Higher 

levels of volatilisation from the spray droplets and treated vegetation surfaces with 

increasing temperature will also occur in real application situations.  In consultation 

with DowElanco (NZ) Ltd, Nufarm (NZ) Ltd and the Northland Regional Council, it 

was decided to conduct all the testing of the commercial herbicides at 12oC.  In the 

North Island, particularly Northland, the majority of the herbicides are applied in the 

winter months for thistle control in pasture.  The temperature chosen will be the 

probable highest temperature at which the majority of application occurs.  It represents 

the potential “worst case” situation with respect to volatilisation of both odour and 

active ingredient, and should ensure that any measurements taken are conservative. 

 

The large water bath around the spray chambers was used to try to maintain the air 

temperature within the chambers at 12oC.  It was quickly found that this had only a 

minor influence on the air temperature.  The major influences were the ambient 

temperature on the day of testing and the temperature of the spray liquid, which on 

warm days, was very quickly heated by the action of the spray pump.  Several 

measures were taken to maintain the temperature within the spray chamber as close as 

possible to 12oC.  On warm days, the spray solutions were made up with ice-cold water 

which slowed the heating due to the spray pump and outside temperature.  On cold 

days, the heating action of the pump was utilised by continuously recirculating the spray 

mixture (spray off) to maintain its temperature. 

 

For each sample of odour or active ingredient taken from the chambers, the temperature 

at the beginning and end of the sampling period was noted.  The temperature declined 

during the 5-9 minute sampling period.  The temperature recorded for the sample was 

taken as the mean of the two values.  Figure 3 shows a Figure of the temperature 

variation during the taking of an odour sample, followed by a sample of the active 

ingredient from within the chamber.  It can be seen that the average of the maximum 



and minimum temperature is a good approximation of the average temperature at which 

the sample was taken. 

12 I - Tern p Liquid - Tern p Air I Recorded sample temperatures 

10 

£ 8 
Q) .. 
:l 

~ 6 
Q) 
Q. 

~ 4 ... 
2 

I 
I 
I 
I 
I 

/ / 
/ I 

gi : .~ 
I ·~ I iO I 

I I ~ I ~ 

:-----J!!)!!.a.!. ____ + ____ ...f.!.U2tli[!Q_ ____ .:._~--r.9J1Q.l!f_~.Qt.T_Q.h~[ljfi!.I_: 
' mixina ' odour baa 1 ' samolina 1 ' samolina 

1 

0 +--+~-+--+~-+----t~-+----t~-+-___,t---+-~t---+-~+--+-~+-

851 856 901 906 911 916 921 926 931 936 941 946 951 956 10011006 

Time 

Figure 3: Temperature Variation during Sampling 

The average temperature that the samples were taken at ranged from 7.8-15.8°C. 

However, the majority of the samples were taken in the range of 12-14°C. The effect 

of this variation on the measured odour concentrations is discussed in sections 4.4.1 

and 4.5. 

4.4 Results for the Commercial Formulation of 
2,4-0 Butyl Ester 

Detailed testing of the odours of the commercial formulation of 2,4-D butyl ester was 

conducted prior to the others since the analytical methods were finalised for this 

compound first. Appendix II provides the data from all the tests. 

Testing of the active ingredient concentration in the spray chamber and in the odour 

sample bags showed that up to 100 % of the active ingredient was being adsorbed onto 

the sample probe and/or odour bag surfaces. In order to reduce this, the probe and 

odour sample bag were flushed three times with the odour from within the spray 

chamber prior to the sample being taken. This resulted in only a slight increase in the 
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active ingredient concentration in the bag.  Therefore, significant losses were still 

occurring as a result of adsorption within the sampling probe and/or on the walls of the 

sample bag.  The immediate question to be addressed was what was the effect of the 

loss of the active ingredient while sampling, on the measured odour concentrations?  

In order to study this, tedlar sample bags, which are regarded as being less adsorbent 

than the commonly used mylar sample bags were used in side by side trials with mylar 

bags.  The comparative trials were conducted on four occasions.  However, two extra 

samples using tedlar bags were taken and analysed.   

 

Visual examination of the data indicated that there was little or no difference between 

the two bag materials in terms of the measured odour concentrations.  The 

Mann-Whitney test was conducted to determine if this was correct (Harraway, 1993).  

The null hypothesis was that the means of the odour concentration data associated with 

each material were the same.  The test statistic (Umin=17) was greater than the critical 

value of 5 (=0.05).  The null hypothesis was therefore retained.  Hence, the bag 

material had no effect on the measured odour concentrations. 

 

The bag material also appeared to have little effect on the measured active ingredient 

concentration within the bags.  The Mann-Whitney test was conducted for the active 

ingredient concentration data.  The null hypothesis was that the means of the data 

associated with each material (mylar/tedlar) were the same.  The test statistic 

(Umin=14.5) was greater than the critical value of 5 (=0.05).  The null hypothesis was 

therefore retained, showing there was no significant difference between the two 

materials in adsorption of the active ingredient onto the bag surface. 

 

The pooled results of the comparative odour tests are shown in the histogram in 

Figure 4.  It is evident that the concentration greater than 41,000 OUc/m3 result is an 

outlying value.  It was obtained on a hot day when the air temperature within the 

chamber reached almost 16oC. 
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Figure 4: Histogram of Odour Measurement Results on the  
Commercial 2,4-D Butyl Ester Formulation 

 

4.4.1 Effect of Temperature on Measured Odour 
Concentrations 

As the chamber air temperature while testing varied from 7.8-15.8oC (Figure 5) it was 

necessary to analyse what effect this variation had on the measured odour 

concentrations.  The Spearman’s rank correlation coefficient was calculated for the two 

sets of data (Harraway, 1993). 

 

Figure 5: Effect of Temperature on Measured Odour Concentration  
of the Commercial Formulation of 2,4-D Butyl Ester 
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The correlation coefficient between the two sets of data is rs=0.520.  This is not 

significant (p>0.05).  It can therefore be concluded that temperature had no significant 

effect on the measured odour concentrations within the temperature range of the 

experiment. 

 

4.4.2 Effect of Odour Panel Sensitivity on Measured Odour 
Concentrations 

Calibration of the odour testing panel was conducted using the standard odour n-butanol 

on each day of testing.  The panel threshold should be in the range of 20-80 ppb.  

However, over the testing period of this study the panel threshold ranged from 

50-112 ppb with an average of 67 ppb.  Visual inspection of the data indicated that the 

sensitivity of the panel was influencing the odour concentration data as might be 

expected (Figure 6). 

 

Figure 6: Effect of Panel Butanol Threshold on Measured Odour Concentration  
of Commercial 2,4-D Butyl Ester Formulation 
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4.4.3 Effect of Active Ingredient Concentration on Measured 
Odour Concentration of Commercial 2,4-D Butyl Ester 
Formulation 

As shown in Figure 7, a visual inspection of the odour concentration data and level of 

active ingredient measured in the sample bags indicated a potential correlation. 

Figure 7: Effect of 2,4-D Butyl Ester Concentration on Measured  
Odour Concentration of the Commercial Herbicide 
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threshold of 0.025 ppb (0.17 g/m3) (Punter, 1983). 

 

This finding can be qualitatively supported by a simple experiment using an odour 

sample made from an analytical standard of 2,4-D butyl ester (99.5% pure).  Hartley 

and Graham-Bryce (1980) provide an equation that allows the saturated vapour 

concentration (SVC) of a pesticide at a known pressure and temperature to be calculated 

using its vapour pressure and molecular mass.  The equation is shown below, 

 

Log10 SVC(g/l) = K + log10p(mmHg) +log10(Mol.mass) 

 

where K is a constant (-4.2616 at 20oC) and p is the vapour pressure of the pesticide at 

the selected temperature.  The SVC for 2,4-D butyl ester at one atmosphere pressure 

and 20oC is 5,930 g/m3.  From this value it is possible to calculate the mass of 

compound required to saturate a given quantity of air.  A quantity of 0.03g of 2,4-D butyl 

ester was placed in an odour sample bag which was then sealed and filled with 50 litres of 

nitrogen.  The amount was two orders of magnitude greater than that required to saturate 

the same volume of nitrogen at 20oC, and therefore should have ensured that the sample 

was saturated even after potential through adsorption of the chemical onto the walls of 

the sample bag.  After allowing one day for the bag to equilibrate, the amount of odour 

present was determined by several staff members sniffing the odour expelled from the 

sample bag.  The odour was described as “weak” or “mild” by all.  It was significantly 

weaker than a corresponding odour sample (S2) generated in the spray chamber using 

the commercial 2,4-D butyl ester formulation.  It should be noted that the odour in the 

pure sample of 2,4-D butyl ester may have been from the 0.5% of unspecified 

compound(s) present in the standard which would have had a concentration of 

30,000 g/m3 in the sample bag if all of it had vaporised. 
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The above results show that the loss of active ingredient through sampling did not affect 

the measured odour concentrations.  As a result, it was possible to use the active 

ingredient (AI) concentration measured in the spray chamber directly after the odour 

sampling to calculate the level of active ingredient (g/m3) present at the odour 

threshold (1 OUc/m3).  This may be calculated according to the formula: 

 

)m/OU(ionConcentratOdourMeasured
)m/g(ionConcentratAIChamberSpray

)m/g(ThresholdOdour
ationConcentratAI

3
c

3

3





 

 

The geometric mean of the 2,4-D butyl ester concentration present at the odour 

threshold of samples made from the commercial formulation was 0.172 g/m3.   

 

4.4.4 Implications for the Testing of the Other Herbicides 

As a result of the findings for the commercial formulation of 2,4-D butyl ester, it was 

assumed that the active ingredient concentrations of 2,4-D amine, 2,4-D ethylhexyl ester 

and MCPA would also not contribute significantly to the measured odour 

concentrations of their commercial formulations.  There is good evidence to support 

this assumption.  Firstly, their vapour pressures are significantly lower than that of the 

butyl ester (3.97 x 10-4 mmHg).  2,4-D amine and MCPA are considered to be 

“non-volatile” whereas 2,4-D ethylhexyl ester has a vapour pressure of 2.0 x 10-6 

mmHg.  As a result of their lower vapour pressures their concentrations in the gas 

phase for a given temperature will be lower than that for the butyl ester.  Secondly, 

they also have a similar molecular structure and therefore, if odorous, they would be 

expected to have odour thresholds within an order of magnitude of 2,4-D butyl ester.   

 

Qualitative trials involving making odour samples using analytical standards of 2,4-D 

acid, 2,4-D ethylhexyl ester, and MCPA acid were conducted to add further proof for 

the assumption.  The formula of Hartley and Graham-Bryce (1980) was used to 

calculate the saturated vapour concentrations of the compounds at 20oC.  The amount 

of each compound required to saturate a 50 litre sample of nitrogen was then calculated.  

The actual amount used was greater than this in order to saturate the nitrogen, and allow 

for any adsorption onto the surface of the bag.  The compounds were placed in 

individual bags which were then sealed and filled with nitrogen.  After leaving the bags 

for a day to equilibrate, the gas within the bag was expelled and sniffed.  All the bags 
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had chemical remaining in them, in either the solid or liquid phase, indicating that 

enough of each compound had been added to saturate the volume of nitrogen used.   

A faint odour was evident for the 2,4-D ethylhexyl ester sample.  As with the odour 

noticed for the 2,4-D butyl ester sample, the odour in the 2,4-D ethylhexyl ester sample 

may have been due to the 0.6% of unspecified material in the analytical standard.   

The samples containing 2,4-D acid and MCPA acid had no odour.  This is consistent 

with references in the literature that 2,4-D acid and MCPA acid are odourless when 

pure, but the technical grade 2,4-D acid exhibits phenolic odours and technical grade 

MCPA acid has a phenolic/cresolic odour (Sittig, 1985; DowElanco Ltd, 1994; 

Canadian Centre for Occupational Health and Safety, 1997; National Toxicology 

Programme, 1997; Occupational Safety and Health Administration, 1997).  It should be 

noted that the acid forms of 2,4-D and MCPA were used.  MCPA exists as a potassium 

salt in the commercial formulation.  Potassium is not expected to impart any effect on 

MCPA as far as odour is concerned.  Similarly, the 2,4-D triethanolamine salt which is 

the active ingredient of 2,4-D amine is expected to show the same odour properties as 

the parent acid.  An odour threshold value of >61,000 g/m3 for triethanolamine has 

been reported in the literature.  Therefore, this moiety is unlikely to significantly 

influence the odour properties of the molecule. 

Based on the above arguments, the testing of active ingredient concentration in the 

odour sample bags of 2,4-D amine, 2,4-D ethylhexyl ester and MCPA was not 

conducted.  The active ingredient concentration in the spray chambers was measured 

instead, and the active ingredient concentration at the odour threshold calculated as for 

the 2,4-D butyl ester (section 4.4.3).  Mylar bags were used for all the samples and the 

number of flushes of the sample bag with the odour was reduced from 3 to 2 in order to 

reduce the amount of time taken for sampling. 

4.5 Results for the Commercial Formulations of 
2,4-D Ethylhexyl Ester, 2,4-D Amine and MCPA 

Detailed results of the odour testing on the commercial formulations of 2,4-D 

ethylhexyl ester, 2,4-D amine and MCPA are given in Appendix II.  Figure 8 is a 

box-and-whisker plot of the odour concentration data for these three herbicides, with 
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2,4-D butyl ester for comparison.  For each box, the middle line is the median of the 

data, and the lower and upper lines the 25th and 75th percentiles respectively.  The 

geometric mean of the data is shown as the star within each box.  The whiskers show 

the 10th and 90th percentiles.  Data points outside the 10th and 90th percentiles are 

  l  

Figure 8: Odour Concentration Data for the Commercial Formulations of 
2,4-D Butyl Ester, 2,4-D Ethylhexyl Ester, 2,4-D Amine and MCPA 
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It was originally intended to measure the odours generated from each herbicide six 

times.  More data are available for 2,4-D butyl ester and 2,4-D amine as these 

herbicides were used to develop the sampling and analytical methodologies.  The 

greatest range in data occurs for 2,4-D butyl ester, and the least for 2,4-D ethylhexyl 

ester which has the lowest number of data points.  MCPA has the greatest interquartile 

range of all the data sets. 

Spearman’s rank correlation coefficients were used to test if the odour concentration 

data for 2,4-D amine, 2,4-D ethylhexyl ester, and MCPA were correlated to the 

sampling temperature, measured active ingredient concentration in the spray chamber, 

and the average panel butanol threshold in the same manner as for 2,4-D butyl ester. 

The correlations were not significant (p>0.05) except for one.  For 2,4-D amine, a 

significant positive correlation (rs=0.843) existed with the average panel butanol 

threshold data, indicating that as the average panel threshold increased (i.e. as the panel 

became less sensitive), the measured odour concentration values increased.  This is 

clearly an artefact of the experiment since the reverse situation should only be possible 

(i.e. as the panel becomes less sensitive the measured odour concentrations decrease). 

4.6 Discussion 

Mixtures of chemicals can result in odours that may, or may not, reflect the hazard 

potential of their constituents.  For example, a highly odorous but relatively non-toxic 

chemical may be present together with a non-odorous but highly toxic or dangerous 

chemical.  In this case the highly odorous compound serves as a warning agent as to the 

presence of the toxic chemical.  This principle is used for the detection of fuel gas leaks 

through the introduction of highly odorous mercaptans into the gas.  In the case of 

commercial formulations of various 2,4-D derivatives, manufacturing impurities such as 

2,4-dichlorophenol will serve the same purpose.  Table 10 details the mean odour 

concentration, and the mean active ingredient concentration present at the odour 

threshold, for each of the commercial herbicide formulations.  The odour safety factor 

(section 2.4) for the herbicide active ingredients has been calculated by dividing the 

appropriate TLV-TWA value by the geometric mean concentration of active ingredient 

present at the commercial herbicide’s odour threshold. 
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Table 10: Odour Measurement Results 

Commercial 
Herbicide 
Formulation 

Geometric Mean 
Odour 

Concentration  
(OUc/m3)

Geometric Mean 
Concentration of AI 
@ Odour Threshold 

(g/m3) 

Odour Safety 
Factor 
(OSF) 

2,4-D Butyl Ester 12,070 0.172 58,100 

2,4-D Amine 10,000 0.152 65,700 

2,4-D Ethylhexyl Ester 22,530 0.153 65,500 

MCPA 23,400 0.062 80,6451

Notes: 
1) Calculated using the Dow Industrial Hygiene Guide of 5 mg/m3 because an official TLV-TWA

value for MCPA does not exist (DowElanco Ltd, 1994).

The geometric means of the odour concentration data for the commercial formulations 

of 2,4-D ethylhexyl ester and MCPA were about 2-fold higher than those for 2,4-D 

butyl ester and 2,4-D amine (Figure 8).  In order to determine if these differences were 

statistically significant the nonparametric Kruskal-Wallis test was used (Harraway, 

1993).  An outlying datum point of 40,566 OUc/m3 for 2,4-D butyl ester (Figure 4) was 

excluded from the analysis.  This is considered a reasonable step since this data point 

was significantly beyond the 90th percentile as shown in Figure 8.  The calculated 

Kruskal-Wallis test statistic (H) equalled 19.6 which is significantly higher than the 

appropriate critical value of 7.815 (=0.05).  This leads to the rejection of the null 

hypothesis that all the sample means are equal, indicating that at least one of them is 

different2.  To determine how many of the four samples means were different from 

each other the Bonferroni Inequality Procedure was used.  This confirmed what was 

indicated visually in Figure 8, that the there was no significant difference between 2,4-D 

butyl ester and 2,4-D amine, but that both were significantly different from 2,4-D 

ethylhexyl ester 3  and MCPA.  There was no significant difference between 2,4-D 

ethylhexyl ester and MCPA. 

2 Including the outlying value for 2,4-D butyl ester gives H=17.2 which also leads to the rejection of the 
null hypothesis. 

3 The inclusion of the outlying value for 2,4-D butyl ester in this calculation indicates that 2,4-D butyl 
ester is not significantly different from 2,4-D ethylhexyl ester . 
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The ranking of the odour generation potential of the herbicides when used at typical 

aerial application rates is therefore, 

 

 2,4-D amine = 2,4-D butyl ester < 2,4-D ethylhexyl ester = MCPA. 

 

For all the herbicides, the level of active ingredient calculated to be present at their 

odour thresholds is very low.  The above ranking does not apply due to differences in 

the volatility of the herbicides.  The value for 2,4-D butyl ester was the highest.  This 

could be related to it having a significantly higher volatility than the other three 

herbicides.  The value for MCPA was the lowest as a result of its low volatility and 

high measured odour concentrations. 

 

The very low values for the level of active ingredient calculated to be present at the 

odour threshold and moderately high odour concentrations, mean large odour safety 

factors for all four herbicides.  The implications of this with regard to spray drift and 

the potential for adverse effects on human health is discussed in chapter 6. 
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Chapter 5  
MEASUREMENT OF ODOUR THRESHOLDS OF 
2,4-D ACID, 2,4-D ETHYLHEXYL ESTER AND 
2,4-DICHLOROPHENOL 

5.1 Introduction 

Odour thresholds for 2,4-D acid or any of its derivatives have not been reported in the 

literature.  Odour thresholds for impurities present in the commercial formulations are 

available.  It appears that these impurities, in particular 2,4-dichlorophenol, are 

responsible for the majority of the odour associated with the use of 2,4-D based 

herbicides. 

5.1.1 Objectives 

To determine the odour thresholds of pure samples of the parent 2,4-D acid, 2,4-D 

ethylhexyl ester, and the principle odorous trace impurities and additives present in the 

commercial 2,4-D ethylhexyl ester formulation. 

5.2 Materials and Method 

Odour samples of 2,4-D acid, 2,4-D ethylhexyl ester and 2,4-dichlorophenol were made 

using analytical standards of very high purity (section 3.2.1.2).  The samples were 

prepared by placing appropriate amounts of solid odorant (2,4-D acid and 

2,4-dichlorophenol) on a weighboat or directly injecting microlitre quantities of liquid 

odorant (2,4-D ethylhexyl ester) into a mylar sample bag.  After the addition of the 

compound, the bags were filled with 50 litres of odourless carbon filtered nitrogen. 

The samples were then left to equilibrate for 24 hours prior to analysis.  Other 

researchers have used similar methods to generate samples of pure odorants (Nagy, 

1991; Kruize, 1997).  

The amount of compound required to saturate the 50 litre volume of nitrogen was 

calculated using the SVC formula of Hartley and Graham-Bryce (1980).  Excess 

odorant was added to the bags to ensure the volume of nitrogen was saturated after 

potential losses of the compound through adsorption onto the walls of the sample bag. 
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5.3 Results of Qualitative Trials 

Qualitative trials were first conducted to determine if the saturated odour samples were 

suitable for direct analysis using the olfactometer.  For 2,4-D acid and 2,4-D ethylhexyl 

ester, this was conducted during the testing of the commercial herbicides to evaluate the 

effect of the loss of active ingredient during the odour sampling.  These results are 

discussed in detail in section 4.4.4.  In summary, no odour was evident in the 2,4-D 

acid sample when the nitrogen expelled from the bag was sniffed, whereas a faint odour 

was evident for the 2,4-D ethylhexyl ester sample which may have been due to the 0.6% 

of unspecified compound present.  Quantitative testing was not conducted for 2,4-D 

acid as it exhibited no odour.  It was conducted for 2,4-D ethylhexyl ester to determine 

if it was in fact odorous. 

The saturated 2,4-dichlorophenol samples had an intense odour directly from the sample 

bag.  However, initial trials showed them to be on the dilution scale of the 

olfactometer.  This was later found not to be the case once quantitative testing was 

conducted (section 5.5). 

5.4 Quantitative Testing of the Odour Threshold of 
2,4-D Ethylhexyl Ester 

5.4.1 Initial Trials 

The SVC of 2,4-D ethylhexyl ester at 20C is 37 g/m3.  Based on this, to saturate a 

50 litre volume of nitrogen a total quantity of 2 g is required.  The initial qualitative 

trial used 37 mg which is four orders of magnitude greater than the required amount.  It 

was decided to greatly reduce the amount of compound added to the sample bags, which 

would in turn reduce the amount of the 0.6% of unspecified compounds in the analytical 

standard which may have resulted in the odour noticed.  Two methods were available 

to do this and are detailed below.   

5.4.1.1 2,4-D Ethylhexyl Ester in a Solvent 

Firstly, the 2,4-D ethylhexyl ester could be added in the form of a dilute analytical 

standard in an organic solvent that itself had a low odour threshold.  The analytical 

standards for the GC/MS analysis were already made up in acetonitrile which has a 
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relatively high odour threshold in the range of 70-1950 mg/m3 (United States 

Environmental Protection Agency, 1992).  3 µl of a 1000 g/ml 2,4-D ethylhexyl ester 

standard in acetonitrile was injected into a sample bag which was then filled with 

50 litres of nitrogen (S1).  This corresponded to 3 µg of 2,4-D ethylhexyl ester 

(sufficient to saturate) and 2997 µg of acetonitrile in the bag. The acetonitrile, once 

evaporated would result in a concentration of 60 mg/m3 which is below the lower odour 

threshold, and hence should not be odorous.  A blank sample with 3 µl acetonitrile in 

50 litres of nitrogen (S2) and one containing only 50 litres of nitrogen (S3) were also 

made and analysed using the olfactometer.  The two samples containing acetonitrile 

(S1 and S2) both had odour concentrations in the order of 60 OUc/m3 whereas the

nitrogen blank (S3) had a concentration of 20 OUc/m3 (within the typical range),

indicating that the concentration of acetonitrile was in fact above its odour threshold. 

A solution would be to increase the concentration of the standard and reduce the volume 

of acetonitrile injected into the bag.  This approach was rejected as it is technically 

difficult to inject volumes less than 1 µl into the bags, and a standard of higher 

concentration would have used excessive volumes of the pure analytical 2,4-D 

ethylhexyl ester standard. 

2,4-D ethylhexyl ester has a very low solubility in water which eliminates its use as the 

solvent.  Other common solvents such as methanol or ethanol have similar or higher 

odour thresholds than acetonitrile. 

5.4.1.2 Direct Injection of Excess 2,4-D Ethylhexyl Ester 

Since dilution of 2,4-D ethylhexyl ester in a solvent created the abovementioned 

difficulties, the method of directly injecting excess 2,4-D ethylhexyl ester in the form of 

the pure analytical standard into the odour bag was trialed for a second time.  This 

time, significantly less compound than in the qualitative trials was used. 

Several samples were made by injecting 3 µl of the analytical standard into bags, 

followed by the addition of nitrogen.  The 3 µl (approximately 3000 µg) used in this 

study was 1,500 times greater than that required to saturate 50 litres of nitrogen, but was 

the lowest volume which could be injected via a syringe with repeatable accuracy.  The 

samples were analysed in the olfactometer which gave results of similar magnitude to 

the background level of odour present in the sample bags.  It was decided to conduct 
the testing of the odour threshold of 2,4-D ethylhexyl ester using this methodology.
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5.4.2 2,4-D Ethylhexyl Ester Testing 

Samples of 2,4-D ethylhexyl ester were made as described in 5.4.1.2 above.  For each 

2,4-D ethylhexyl ester sample, a blank sample of pure nitrogen was also made.  After 

equilibration for 24 hours the samples were analysed in the olfactometer.  Five samples 

of 2,4-D ethylhexyl ester and 6 nitrogen blanks were analysed over a period of two 

days.  The results are shown in Table 11. 

Table 11: Quantitative Testing of 2,4-D Ethylhexyl Ester Results 

2,4-D Ethylhexyl Ester 
Odour Concentration 

(OUc/m3)

Nitrogen Blank  
Odour Concentration 

(OUc/m3)

30 34 

23 20 

8 26 

11 14 

18 13 

24 

Geometric Mean = 16 Geometric Mean = 21 

These data suggest that the nitrogen blanks have a slightly higher odour concentration 

than the 2,4-D ethylhexyl ester samples, also containing nitrogen.  The level of odour 

found in the nitrogen blanks is typical for the mylar bag material.  It originates from 

trace amounts of odorous compounds in the plastic.  Based on the Mann-Whitney test 

statistic (Harraway, 1993) the difference between the data sets was not significant 

(=0.05).   

Leading researchers on odour at the TNO Institute of Environmental Sciences, the 

Netherlands, recommend that the calculation of the odour threshold for a pure odorant 

be based on 160 measured individual threshold estimates (ITE’s) (Kruize, 1997).  An 

ITE is the detection threshold of an individual panellist calculated on the basis of one 

dilution series.  For example, the ITE for panellist 1 in the example in section 3.1.4 for 

the first “round” was 362.  A typical measurement is 160 ITE’s based on an eight 

member panel to measure 10 replicate samples, with each analysis involving two 

“rounds” (8x10x2=160).  Based on the results of 5 replicate 2,4-D ethylhexyl ester 
samples (Table 11), it was decided that further analysis would yield little useful data.
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The results show that if 2,4-D ethylhexyl ester does exhibit odorous properties, they are 

below the detection limit of the techniques used.  The background level of odour in the 

bags of 21 OUc/m3, while being 20 times the detection threshold, is a very weak odour 

given the log-normal relationship between perceived odour intensity and measured 

odour concentration.  It may be possible to reduce the level of background odour in the 

samples bags by repeated flushing with nitrogen prior to the sample being made and/or 

changing bag materials.  The latter is unlikely to significantly improve the background 

odour as many other common bags materials such as tedlar, teflon or nalophane also 

have background levels higher than those measured for mylar.  In addition, much larger 

sample volumes (>160 litres) would be required because of the high flow rates required 

in the olfactometer to reach such low dilution rates. 

5.5 2,4-Dichlorophenol 

5.5.1 Initial Trials 

2,4-dichlorophenol is a solid at room temperature and melts at 45oC.  It has a high 

vapour pressure (0.076 mmHg) relative to the other compounds studied and has an 

intense odour.  Its high vapour pressure leads to a high saturated vapour concentration 

of 678 mg/m3 at 20oC.  Based on this, to saturate a 50 litre volume of nitrogen, 34 mg 

of 2,4-dichlorophenol is required.  Samples were made using 50 mg of 

2,4-dichlorophenol to ensure they were saturated taking into account the potential losses 

of the compound which occur through adsorption to the sample bags walls.  Saturation 

of the nitrogen was confirmed because excess solid was always present in the samples 

after analysis. 

The qualitative testing (section 5.2) had shown that the saturated samples appeared 

suitable for direct analysis on the olfactometer without the need for pre-dilution. 

Samples made as above were therefore analysed.  After what appeared to be several 

successful odour analyses of the sample, it became apparent that the saturated samples 

were too strong for the dilution range of the olfactometer, and that significant adsorption 

was occurring in the odour inlet line. 

Standard procedure is to run a sample through the odour inlet line of the olfactometer, 

into the manifold to which the rotameters are joined, for 2-3 minutes prior to beginning 
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a test.  This is to ensure that the system is well flushed with the odour and that any 

adsorption/desorption processes are in equilibrium.  Then, if an odour is too strong for 

the dilution range of the olfactometer, all the panellists detect the odour at the first 

presentation of the highest dilution.  Prior to beginning the first quantitative tests on 

2,4-dichlorophenol, it was known that the compound adsorbed strongly to many 

materials such as observed during the initial trials.  In these trials, it took several hours 

to flush the odour of the saturated samples from the system.  Previously, the odours of 

the commercial herbicides could be completely flushed from the system within half an 

hour.  The 2,4-dichlorophenol samples were therefore run through the system for 

5 minutes prior to beginning each test to ensure that it was fully equilibrated with the 

system.   

Testing of the first sample yielded an odour concentration of approximately 

1000 OUc/m3.  After flushing the system with odour free air, the first round of the 

second sample gave a similar result.  However, once the second round began at the 

highest previously used dilution factor all the panellists could immediately detect the 

odour.  After several presentations had indicated the odour had flushed out of the 

sniffing ports, the odour was re-introduced at the highest possible dilution rate of 

16,792.  Again, all the panellists could detect it.  It was apparent that during the first 

analyses, the adsorption of the sample was not complete indicating a lower odour 

concentration.  When the odour flow was stopped between the first and second round 

for several minutes, the adsorption process reached equilibrium and the odour was too 

strong for the olfactometer.  A similar result was obtained when the test was repeated 

on a different day.  Such strong absorption effects had not previously been encountered 

with any of the numerous odours from a variety of industrial and agricultural sources 

previously tested by the olfactometer.  The testing was tried a second time using 

samples made from a saturated sample but pre-diluted with nitrogen by a factor of 100. 

No significant adsorption effects were evident at this lower odour concentration. 

5.5.2 Odour Measurement  

Testing of the odour threshold progressed using samples pre-diluted by a factor of 100. 

The samples were made from a saturated sample made 24 hours earlier.  The sample 

bags were flushed with the diluted odour several times and these mixtures expelled prior 

to the actual samples for analysis being prepared.  This ensured that any loss of 
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compound due to adsorption onto the bag walls was minimised.  Three samples were 

analysed, each by three or four “rounds”.  The results of each individual “round” are 

shown in Table 12. 

Table 12: 2,4-Dichlorophenol Odour Concentration Data 

Sample Round Diluted Sample Odour Concentration 
(OUc/m3)

1 1 
2 
3 
4 

351 
573 
573 
593 

2 1 
2 
3 

564 
525 
910 

3 1 
2 
3 

364 
411 
572 

Geometric Mean = 524 

The odour concentration of the undiluted sample was calculated to be 524 x 100 = 

52,400 OUc/m3.

The individual results for each sample show a minor increase in the measured odour 

concentration in most instances for each progressive “round”.  This potentially could be 

a result of the progressive adsorption of 2,4-dichlorophenol during the testing of each 

sample.  To verify this the Kruskal-Wallis test was conducted on the data for sample 1. 

The ITE for each panel member for each round was computed.  This resulted in 8 

values for each round on which to conduct the test.  The calculated test statistic 

(H=2.3) was lower than the critical value (7.185, =0.05).  This led to the acceptance 

of the null hypothesis that there was no significant differences in the odour 

concentrations for each “round”.  

5.5.3 Chemical Measurement 

The high vapour pressure of 2,4-dichlorophenol allowed it to be directly analysed on the 

GC/MS in “selective ion” mode.  Analytical standards of 2,4-dichlorophenol in 
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acetonitrile, containing of 1, 2, 5 and 10 µg, gave a linear calibration curve on all 

occasions.  The odour samples were manually injected on to the column using a “gas 

tight” syringe, which was flushed several times with the odour prior to each injection. 

The volume of the samples analysed (5-500 µl) was chosen so that the detector response 

was midway on the calibration curve. 

The sampling was conducted on the saturated samples in order to check the validity of 

the equation used to calculate the SVC of 678 mg/m3 at 20C.  A total of 4 samples 

were analysed.  Three contained 50 mg of 2,4-dichlorophenol and one 150 mg. 

Saturation of the samples was confirmed by the presence of excess solid after a 24-hour 

equilibration period.  Two injections were analysed for each sample with consistent 

results.  The measured concentrations of 2,4-dichlorophenol in the samples ranged 

from 1,800-2,346 mg/m3 with an average of 2,107 mg/m3.  These results were clearly 

higher than the calculated SVC and therefore considered erroneous.  This is because to 

reach such concentrations, the amount of compound required to be added to the bags 

(100 mg) was twice that used for three of the samples, and all of it would have to 

vaporise.  The sample that had 150 mg added to it had a concentration within the range 

of the other three other samples. 

The reason for the erroneous 2,4-dichlorophenol concentration measurements has not 

been determined.  The samples and standards were in different phases and this may 

have had an effect on the measurements.  However, this arguement may not be valid 

because the detector response is directly proportional to the amount of compound in µg 

on the column.  All the calculations used to compute the measured concentrations, the 

SVC, and the amount of compound required to be added to each bag to ensure 

saturation, have been checked several times (including others) and no errors could be 

found.  The 1000 ppm 2,4-dichlorophenol stock solution, and the analytical standards 

made from it, were checked and reanalysed with standards made from a new stock 

solution.  Again, no errors could be found.  As stated above, the calibration curves 

were linear on all occasions, and the retention times were consistent.  The gas tight 

syringe was re-calibrated and found to be within acceptable limits. 

Several options exist to resolve this problem.  Firstly, the acetonitrile matrix of the 

analytical standards could be resulting in errors.  However, this is unlikely.  New 
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solvents could be trialed for comparison, or gas phase standards made.  Secondly, a 

new analytical method could be trialed.  A method where 2,4-dichlorophenol is 

adsorbed on to silica gel sampling tubes, desorbed using an acetonitrile/water/acetic 

acid elutant, and analysis conducted by HPLC has been reported (Parrill and Hugo, 

1992).  Due to time and budgetary constraints, neither option was investigated. 

Instead, the concentration of 2,4-dichlorophenol in the odour samples was calculated 

using the SVC calculation as detailed below.  It is considered that the SVC calculation 

is accurate because the mole fraction of 2,4-dichlorophenol in the odour samples is low, 

and hence it should behave as an ideal gas.  Taylor and Spencer (1990) provide the 

following equation (based on the ideal gas law) to calculate the vapour density 

(identical to the SVC) of pesticides from their vapour pressures, 

d = w/V = pMr/TR 

where d is in g/l and p is in mPa.  For 2,4-dichlorophenol, with a vapour pressure of 

10131 mPa (0.076 mmHg), the vapour density at 20C is 676 g/l or 676 mg/m3.  This 

is very close to the SVC value of 678 mg/m3 calculated using the formula of Hartley and 

Graham-Bryce (1980) and indicates that calculation of the SVC using the vapour pressure 

is accurate. 

5.5.4 Calculation of Odour Threshold 

The odour threshold for 2,4-dichlorophenol may be calculated by dividing the SVC by 

the mean odour concentration of the saturated samples (52,400 OUc/m3)(section 5.5.2).

This odour concentration is based on 80 rather than 160 ITE’s.  Ideally, the chemical 

concentration of odorant in the sample bags should be measured and used for the odour 

threshold calculation (Kruize, 1997).  However, because of the difficulties experienced 

in the chemical measurement of the odour samples, only an estimate of the odour 

threshold of 2,4-dichlorophenol is possible.  Hence for this study, 80 ITE’s were 

considered sufficient.   

The odour threshold of 2,4-dichlorophenol is therefore estimated to be 

678 mg/m3 / 52,400 OUc/m3 = 0.013 mg/m3 or 13 g/m3

This equates to 1.95 ppb.  The estimated figure assumes that minimal losses of 
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2,4-dichlorophenol occur prior to the odour analysis through adsorption on to the walls 

of the sample bags.  This is considered a reasonable assumption given the prior 

flushing of the sample bags with the diluted odour. 

5.6 Discussion 

The qualitative testing of the analytical standard of 2,4-D acid showed that it did not 

exhibit any odorous properties.  This is consistent with the literature which states that 

2,4-D acid in a pure form is odourless whereas the technical acid exhibits a slight 

phenolic odour (Sittig, 1985; Canadian Centre for Occupational Health and Safety, 

1997; National Toxicology Programme, 1997; Occupational Safety and Health 

Administration, 1997).  The odour exhibited by the technical grade acid is probably due 

to the trace amounts of mono and dichlorinated phenols present in it (Table 1). 

The measurements on 2,4-D ethylhexyl ester show that it can also be regarded as 

odourless.  This is supported by the fact that no odour was evident when opening and 

handling the vial containing the pure analytical standard.  The odourless nature of 

2,4-D ethylhexyl ester is probably due to its very low volatility which prohibits 

significant concentrations in the air and also its molecular structure which is very 

similar to the parent 2,4-D acid.  

2,4-Dichlorophenol has an intense odour.  The estimated odour threshold of 1.95 ppb is 

midway between the values of 0.025 ppb and 210 ppb reported by Punter (1983) and 

Ruth (1986) respectively.  Such variations in odour threshold values are not 

uncommon.  Reported odour thresholds for some chemicals may range over three or 

four orders of magnitude (United States Environmental Protection Agency, 1992).  The 

variations can be caused by the experimental techniques used for the preparation and 

presentation of the odours, the number of panellists used, the range of sensitivity within 

the panel, and the method of calculation.  Punter (1983) used a heated chamber of 

2,4-dichlorophenol over which a controlled flow of nitrogen was maintained.  The 

chemical concentration was calculated using equations applicable to the system used 

that utilised the vapour pressure as for this study.  However, the calculations were not 

reported and therefore could not be checked.  Different methods are used to calculate 

the odour concentrations from the panel response data.  Ruth (1986) did not report the 

methodology used to measure the odour threshold value. 
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Chapter 6  
GENERAL DISCUSSION 

6.1 Odorants in Commercial 2,4-D Formulations 

Review of the literature indicates that the odours associated with many pesticides are 

due to trace impurities and/or additives in the commercial formulations.  In the case of 

2,4-D based herbicides, 2,4-dichlorophenol was identified as potentially being 

responsible for the majority of the odour.   

The testing of the odours generated from the spraying of the 2,4-D butyl ester 

formulation showed that the measured odour concentrations were not correlated to the 

level of active ingredient measured in the sample bags, indicating that the odours were 

due to other species present.  This probably applies to 2,4-D amine and 2,4-D 

ethylhexyl ester formulations also.  A qualitative trial using pure 2,4-D acid placed in a 

sample bag, which was then filled with nitrogen, determined that the parent acid was 

odourless.  This is consistent with reports that the pure parent acid is odourless, and the 

technical acid exhibits a phenolic odour (Sittig, 1985; DowElanco Ltd, 1994; Canadian 

Centre for Occupational Health and Safety, 1997; National Toxicology Programme, 

1997; Occupational Safety and Health Administration, 1997).  Using the same 

methodology, “faint” odours were detected for pure samples of 2,4-D butyl ester and 

2,4-D ethylhexyl ester.  However, the quantity of the herbicide added to the bags was 

sufficient for the odours to have potentially been due to trace levels (<0.5%) of 

unspecified compounds in the analytical standards used. 

The detailed testing of the odour threshold of pure 2,4-D ethylhexyl ester determined 

that it was odourless.  Therefore, the odours generated during the spraying of the 

commercial formulation must be due to the impurities and additives in it.  The 

composition of a commercial formulation is given in Table 13. 
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Table 13: Composition of a Commercial 2,4-D Ethylhexyl Ester Formulation 

Ingredient Grams per Litre 

2,4-D ethylhexyl ester 784 

Emulsifiers and antifoaming agents 75 

Aromatic Solvent Balance 

Data sourced from Material Safety Data Sheets for the emulsifiers and antifoaming 

agents show that all but one are either odourless or exhibit only a “faint” odour.  One 

contains the odorous species iso-octanol which is present in the formulation at 

approximately 65 grams per litre.  2,4-dichlorophenol is present at low concentrations 

(1.4 grams per litre) but as shown in section 5 it is highly odorous.  The aromatic 

solvent which makes up a large percentage of the commercial formulation is also 

odorous.  The major odorous chemicals identified in a commercial 2,4-D ethylhexyl 

ester formulation, together with their reported odour thresholds and vapour pressures are 

shown in Table 14. 

Table 14: Odorants in a 2,4-D Ethylhexyl Ester Formulation 

Chemical Amount 
(g/l) 

Odour Threshold 
(ppb) 

Vapour Pressure 
(mmHg @ 20oC) 

“Odour 
Potential” 

Iso-octanol 65 751 0.05 163 

2,4-Dichlorophenol 1.4 210-0.0252 0.1 1- 8,235 (108)4 

Aromatic Solvent 179.3 383 10 897 

Notes: 

1) (Canadian Centre for Occupational Health and Safety, 1997)
2) (Punter, 1983; Ruth, 1986)
3) (United States Environmental Protection Agency, 1992)
4) Calculated value using the odour threshold of 1.95 ppb measured in this study

Testing of a product similar to the aromatic solvent used in the 2,4-D ethylhexyl ester 

formulation yielded an odour threshold of 9 ppb (Frisch, 1995).  The methodology was 

very similar to that used for the odour threshold determination of 2,4-D ethylhexyl ester 

and 2,4-dichlorophenol in this study.  The testing of the aromatic solvent yielded odour 

concentrations in the tedlar sample bags of around 30 odour units (Frisch, 1995). 

Whether this was based on “certain” choices (see section 3.1.4) and the method of 
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calculation of the odour concentration was not reported (Frisch, 1995).  The measured 

odour concentrations are not significantly higher than the background odour 

concentration of the mylar bags used in this study.  Background odour concentrations 

of greater than 30 OUc/m3 have been measured for tedlar bags by the Lincoln

Environmental olfactometer.  It is therefore possible that the study on the aromatic 

solvent did not measure the odour from the solvent but instead the background 

concentration of the bags.  The odour threshold value of 9 ppb is therefore not accurate. 

According to Frisch (1995) the principle components of the solvent odour are 

naphthalene, 2-methylnaphthalene and 1-methylnaphthalene.  An odour threshold for 

naphthalene of 38 ppb has been reported (United States Environmental Protection 

Agency, 1992).  This is higher than that reported for the solvent and is considered to be 

a more realistic value based on the above discussion.  Odour thresholds for 

2-methylnaphthalene and 1-methylnaphthalene have not been reported in the literature.  

A combination of factors, such as the amount of chemical in the formulation, its odour 

threshold and vapour pressure determine how much of the odour from the commercial 

formulation is due to each chemical.  A way of representing the “odour potential” of 

each species is to divide the amount of it in the commercial formulation by its odour 

threshold (once converted to units of mg/m3).  These results are given in Table 14.  For 

the aromatic solvent, the odour threshold of 38 ppb for naphthalene has been used.  A 

range of values has been given for 2,4-dichlorophenol to reflect the odour threshold 

value measured in this study and those reported by Punter (1983) and Ruth (1986). 

If the odour threshold for 2,4-dichlorophenol measured in this study is used in the 

calculation of the “odour potential”, the values for 2,4-dichlorophenol and iso-octanol 

are similar.  Both would therefore be expected to contribute to the odour from the 

commercial formulation in relatively equal amounts.  The contribution of 

2,4-dichlorophenol would be much larger if the value of Punter (1983) is used and 

conversely, much lower if the value of Ruth (1986) is used.  The aromatic solvent has 

the greatest “odour potential”. 

It should be noted that the above discussion relates only to the components of the 

commercial formulation in the liquid phase.  Once discharged from the spray nozzle, 

the more volatile components will contribute to the odour to a larger extent than those 
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with lower vapour pressures.  The aromatic solvent has the highest “odour potential” 

and the highest vapour pressure.  It is therefore considered that it is likely to contribute 

the majority of the odour associated with the use of the formulation. 

2,4-dichlorophenol and iso-octanol may be expected to contribute to the odour in 

relatively equal amounts as they have similar vapour pressures. 

It should also be recognised that the odours from individual chemicals in a complex 

odour do not necessarily add in a linear fashion.  Some may mask others (a widely used 

principle for concealing unwanted odours e.g. bathroom air fresheners), while it is 

possible for some odorous chemicals to heighten a persons sensitivity to other odours 

(Ruth, 1986).  This is a field in which little research is conducted.  The relative 

contributions of the three key odorants to the odour from the commercial formulation 

may be different from that discussed above if significant masking or synergistic effects 

occur. 

6.2 Odours Generated from the Spraying of the 
Commercial Herbicide Formulations 

The mean odour concentrations generated from the spraying of the commercial 

herbicide formulations under simulated aerial application conditions ranged from 

10,000 OUc/m3 for 2,4-D amine to 23,400 OUc/m3 for MCPA.  Based on my findings

the relative ranking of the commercial herbicide formulations in terms of odour 

concentration is  

2,4-D amine = 2,4-D butyl ester < 2,4-D ethylhexyl ester = MCPA. 

The mean odour concentration values for the herbicides are considered to be 

conservative “worst case” estimates because of the low water rates (equivalent of 

30 litres/ha) and moderate temperatures used (9-16C).  Lower odour concentrations 

would be expected for ground based applications which use much larger dilution rates 

in water.   

The measured odour concentrations are of a moderate magnitude when compared to 

values for other agricultural and industrial odours.  For example, typical odour 

concentrations from piggery buildings and from aerated mushroom composting are 
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600 OUc/m3 and 40,000 OUc/m3 respectively (Ministry for the Environment, 1994;

Brown and Cudmore, 1996).  Odours from fishmeal processing and animal by-products 

rendering may be as high as 400,000 OUc/m3 and 1,350,000 OUc/m3 respectively

(Ministry for the Environment, 1994).  Unlike the other agricultural odour sources, the 

odours from the spraying of these herbicides are likely to be noticed by more people 

since they are applied over large areas.  However, their detection will be infrequent and 

of limited duration.  This is because the spraying is generally conducted in an area only 

once per year and the odours will dissipate rapidly. 

The primary reason for the introduction of the less volatile 2,4-D ethylhexyl ester 

formulation as a replacement for 2,4-D butyl ester, was to reduce the risk of damage to 

non-target areas by spray drift.  The use of the 2,4-D ethylhexyl ester formulation is not 

likely to reduce the magnitude nor the frequency at which the odours are detected.  In 

fact, the magnitude of the odours detected may increase because the mean odour 

concentration for the 2,4-D ethylhexyl ester formulation is twice that for 2,4-D butyl 

ester.  This may result in an increase in public concern regarding the detection of 

odours.  In areas where odour from the herbicides is a definite issue, it may be 

advisable to use 2,4-D amine which is the least odorous formulation (2,4-D butyl ester 

is no longer being sold). 

6.3 Toxicological Significance of the Herbicide 
Odours 

The level of active ingredient calculated to be present at the odour threshold of each of 

the commercial herbicide formulations is very low (less than 0.2 g/m3).  This results 

in very large odour safety factors (OSF) for the four herbicides which were all of a 

similar magnitude, ranging from 58,100 for 2,4-D butyl ester to 80,600 for MCPA 

(Table 10, section 4.6). 

The odour safety factors for the four herbicides are higher than those calculated for 

certain other pesticides (Table 7).  This is probably a result of the presence of odorous 

chemicals such as 2,4-dichlorophenol and other trace impurities or additives in the 

commercial formulations.  The odour safety factor of 60,000 calculated in section 2.4, 

using the TLV-TWA value for 2,4-D of 10 mg/m3 and the odour threshold of 0.025 ppb 

reported by Punter (1983), is close to the value measured in this study.  This is purely 
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coincidental.  Had the odour threshold value of 210 ppb reported by Ruth (1986) or the 

value of 1.95 ppb measured in this study been used, the calculated odour safety factor 

would have been several orders of magnitude different.  The true odour safety factors 

are affected by other odorants present in the commercial herbicide formulations which 

may interact with each other or with 2,4-dichlorophenol (section 6.1).   

The odour safety factors reported for the herbicides in this study are considerably higher 

than many of those reported for pure chemicals, with the maximum reported odour 

safety factor being 61,000 (Amoore and Hautala, 1983).   

In terms of the odour safety factor classification scheme described in Table 6, the four 

herbicides would belong to Class A (OSF>550).  A compound is classified as Class A 

if more than 90% of distracted 4  persons would detect the odour in the air at 

concentrations below the TLV-TWA concentration (Amoore and Hautala, 1983).  It is 

proposed, that given the very high odour safety factors measured in this study, all 

distracted persons would detect the odours of the commercial herbicide formulations 

prior to the TLV-TWA concentrations being reached.  In fact, it is very unlikely in a 

spraying situation that the TLV-TWA value would be exceeded.  The maximum active 

ingredient concentration measured in the spray chambers immediately after spraying 

was 6 mg/m3 for 2,4-D ethylhexyl ester.  This concentration is below the TLV-TWA 

value. 

It is concluded that detection of faint or even strong odours from the herbicides as a 

result of spray drift will not result in exposures of toxicological significance to members 

of the public.  This finding is substantiated by the various studies of occupational and 

environmental exposure reported in the literature that show intake of pesticides by 

inhalation is minor (Lavy et al., 1982; Libich et al.,1984; Frank et al.,1985; Grover et 

al., 1986; Larson, 1992).  Where odours of pesticides have been detected and 

monitoring undertaken, the measured levels of the airborne pesticides have been 

determined to be significantly below the appropriate TLV-TWA values (Olas et al., 

1976; Kilgore et al., 1984; Baker and Selvey, 1992; Holland and Maber, 1992).  For 

4 Odours are detected at lower concentrations by attentive people than those in the work place or 
environment who are distracted by other stimuli (Whisman, 1978). 
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2,4-D based herbicides, the average internal exposure5  of a bystander to an aerial 

application when exposed for one day is estimated to be 0.09 g/kg body weight/day 

(Lavy and Mattice, 1984, cited in Munro et al., 1992) which is significantly lower (at 

least 10,000 fold less) than the lowest reported NOEL of 1 mg/kg body weight/day 

(dog) (Charles et al., 1996). 

The very large odour safety factors for the herbicides have a negative effect on public 

perception in that the herbicides sprays promote undue concern regarding the potential 

for adverse health effects.  An option to mitigate this is to reduce the amount of odour 

generated by the herbicides.  In the case of the commercial 2,4-D ethylhexyl ester 

formulation this could be achieved by reducing the amount of 2,4-dichlorophenol 

present, and replacing the aromatic solvent and iso-octanol with less odorous solvents. 

Factors such as the economics of manufacture, product efficacy and toxicity are 

important considerations in any measure taken to reduce the odour of this herbicide. 

5 Internal exposure is the total amount of herbicide absorbed into the body from all exposure routes 
(oral, dermal, inhalation) expressed as “g/kg body weight/day”. 
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Chapter 7  
CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

This study investigated the levels of odour generated during the application of 2,4-D 

butyl ester, 2,4-D ethylhexyl ester, 2,4-D amine and MCPA, the level of exposure of the 

general public when the odours are detected, and the potential risk of adverse health 

effects resulting from that exposure.  The hypothesis that the majority of the odours 

from the herbicides are due to manufacturing impurities and/or additives was tested 

using a commercial formulation of 2,4-D ethylhexyl ester. 

1) Pure 2,4-D acid and 2,4-D ethylhexyl ester were determined to be odourless.

Hence, the odours from the various commercial formulations are due to

manufacturing impurities and/or additives.

2) 2,4-dichlorophenol was identified as a manufacturing impurity in the commercial

formulation of 2,4-D ethylhexyl ester.  The odour threshold of 2,4-dichlorophenol

was estimated as 1.95 ppb.

3) Other significant odorants in the 2,4-D ethylhexyl ester formulation were

iso-octanol and an aromatic solvent.  The aromatic solvent was probably

responsible for the majority of the odour associated with 2,4-D ethylhexyl ester

formulations, assuming no significant masking or synergistic effects occur between

the odorants.

4) The mean odour concentrations generated from the spraying of the commercial

herbicide formulations under simulated aerial application conditions ranged from

10,000 OUc/m3 for 2,4-D amine to 23,400 OUc/m3 for MCPA.

5) The relative ranking of the commercial herbicide formulations in terms of odour

concentration was

2,4-D amine = 2,4-D butyl ester < 2,4-D ethylhexyl ester = MCPA. 
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6) The level of active ingredient calculated to be present at the odour threshold of

each of the commercial herbicide formulations was very low (less than 0.2 g/m3).

7) The calculated odour safety factor between the concentration of active ingredient at

the odour threshold for each herbicide and its TLV-TWA value were all of a

similar magnitude, ranging from 58,100 for 2,4-D butyl ester to 80,600 for MCPA.

Therefore, detection of faint or even strong odours from the herbicides as a result

of spray drift will not result in exposures of toxicological significance to members

of the public.

7.2 Recommendations for Further Investigations 

This study would be complemented by the following investigations. 

1) Development of an alternative sampling and analysis method for

2,4-dichlorophenol, followed by an accurate determination of its odour threshold.

2) Investigation of masking or synergistic effects between the odorants present in the

commercial formulation of 2,4-D ethylhexyl ester.

3) Testing new formulations of the commercial product utilising different solvents

and/or having lower levels of 2,4-dichlorophenol in order to develop a “low odour”

formulation.

4) Extending the present study to other odorous agrichemicals.
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Information Sheet 

Agrichemical Spraydrift and Odour 

Principal Investigator: 

Jeff Brown 
Air Quality Scientist 
Lincoln Environmental 
PO Box 84 
Lincoln University 
Ph- 325 3736 

Introduction 

YOU are invited to take part ln a study that is investigating the odour generated during 
the spraying of three common herbicides. After reading this information sheet please 
take up to one week to consider if you wish participate in this study. Please contact the 
principal investigator at the above phone nwnber if you have any questions. There is no 
obligation on you to take part in the research. 

About the study 

Aims 

The study will investigate the amount of odour generated by the spraying of three 
common herbicides (2,4-D butyl ester, 2,4-D amine and MCPA) and the level of safety 
between the concentration where an odour may be detected and the recommended safe 
exposure concentration. The compounds causing the odour associated with the 2,4-D 
butyl ester herbicide will also be investigated. 

Odour Panellist Requirements 

Eight odour panellists are required in the odour laboratory at one time. It is likely that 
panellists will not be able to attend all odour measurement sessions (see below) 
therefore a maximum of 16 odour panellists will be selected. 

Odour panellists must fit the following criteria: 

• Age 16 .. 60 
• Non-smokers 
• Non-asthmatics and without other respiratory problems 
• Average sense of smell 
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Pregnant women are required to be excluded from the panel to ensure that any currently 
unkown factors do not pose a risk to unborn children. 

To determine if you have an "average" sense of smell your sensitivity to a standard 
odour will be tested in three separate sessions. If your sense of smell is determined as 
"average" in the first session you be invited to attend the second and third sessions 
which determine how much your odour sensitivity varies. You will be paid to attend the 
second and third sessions. If your sense of smell is "average" and is not highly variable 
you will be invited to take part in the actual odour measurement work. 

Location 

The study will be held at the Lincoln University campus. The study will run ·for a period 
of 16 months finishing in June 1997. Approximately 30 4 hour (with breaks) odour 
measurement sessions will be conducted. These will generally be conducted in the 
afternoons. 

Method 

Olfactometry is the technique that will be used for odour measurement. This involves 
the dilution of the odour sample with odour free air so that a diluted stream of odorous 
air is presented via sniffing ports to a panel of people. During each 4 hour session you 
will be asked to repeatedly sniff three ports from which air is flowing and determine 
which one, if any, contains an odour. You enter your choice into a small keypad and a 
computer records your choice. 

The herbicide odours are prepared in spray chambers and samples of these odours are 
collected in large plastic bags. The bags are then taken to the od~ur laboratory for 
analysis. 

Safety 

The herbicide odours that you will be asked to smell will be extremely dilute. For most 
of the time during the measurement sessions you will not be able to smell anything. 
When you do smell an odour it will be barely detectable. 

There are no known risks associated with the sniffing of such weak herbicide odours. 
At no stage will the concentrations exceed the reconunended health limits for the 
compound being tested. The actual concentrations are expected to be thousands of 
times below these limits. 

Women of child-bearing age should be using reliable contraception while participating 
in this research. This is an additional precaution to ensure that any currently unkown 
factors do not pose any risk to unborn children. 

94 



Agrichemical Spraydrift and Odour 
Jeff Brown, Air Quality Scientist, Lincoln Environmental 
Ph 325 3736 

Study Benefits 

Odours from herbicide sprays can cause concerns when they are detected. It is thought 
in most cases that the odours are due to highly odorous trace impurities in them and that 
the levels of the herbicides are well below the recommended health standards. This 
research aims to address this issue. 

Payment 

You will be paid an hourly rate of $10 (including GST) per hour to participate in this 
study, including the time spent in the second and third interviews. You will have to 
make your own arrangements to get to Lincoln University. 

Participation 
Your participation is entirely voluntary (your choice). You do not have to take part in 
this study. Please send attached consent form to the principal investigator at the above 
address within one week of receiving this information sheet to confirm that you wish to 
participate in ~e panellist selection exercise. If you fit the selection criteria to be an 
odour panellist you Will then have a· further week to consider if you wish to participate 
in this research project. . 

You are free to withdraw from the study at any time, for any reason. 

For more information about the study please contact the principal investigator at the 
address above. 

If you have any queries or concerns about your rights as a participant in this study you 
may wish to contact the Advocacy Service Canterbury/West Coast - a service for health 
and disability service consumers. Telephone (03) 377-7501. 

Confidentiality 
Your identity will not be revealed in any reports based on this study. Results of the 
odour measurements are stored on computer. Only the principal investigator will have 
access to the computer files that link your name to the test results. This information will 
not be reviewed by other parties and will be retained by the principal investigator after 
the study and will not be accessible to other people. 

Results 
You will be supplied with your personal results for the initial sensitivity tests should you 
wish to receive them. The finalised results of the research will available in the form of a 
Master of Science thesis from the Lincoln University Library. 
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Compensation 
There may be compensation available to you if you are injured taking part in this study. 
This is a complex issue, and the following paragraphs contain information on 
compensation arrangements for this study. You· should discuss them with the researcher 
if you have any questions. 

If you suffer physical injury as a result of your participation in this clinical trial, you 
may be covered by ACC. You should note, however, that eligibility for cover is not 
automatic. You would be in the same position as a claimant who has suffered physical 
injury caused by standard medical treatment. You would need to establish that you had 
suffered physical injury as a result of medical error or negligence, or as a result of 
medical mishap, that is an adverse consequence of treatment which is both rare and 
severe. 

If your claim for cover is accepted by ACC, your entitlement to compensation would 
depend on a munber of factors, such as whether you are an earner or a non-earner. You 
should note that in most cases ACC provides only partial reimqursement of costs and 
expenses, and. ther_e is ·no _lump sum compensation payable under current ACC 
legislation. 

You should also be aware that if you have cover under the ACC legislation, your right to 
sue the researcher(s) or anyone else involved in the clinical trial is extremely limited. 

If you have any questions about cover or entitlements under the ACC scheme, you 
should contact your nearest ACC branch office for further information before you 
consent to participate in this trial. 

This study has received ethical approval from the Southern Regional Health 
Authority Ethics Committee (Canterbury). 

Please feel free to contact the principal researcher if you have any questions about this 
study. 

96 



Agrichemical Spraydrift and Odour 
Jeff Brown, Air Quality Scientist, Lincoln Environmental 
Ph 325 3736 

Consent Form 

Agrichemical Spraydrift and Odour 

Principal Investigator: 

Jeff Brown 
Air Quality Scientist 
Lincoln Environmental 
PO Box 84 
Lincoln University 
Ph 325-3736 

I have been invited to take part 'in a study to determine the amount of odour generated by 
three common herbicides and the level of safety between the concentration where an 
odour may be. detected an.cl the recommended safe exposure concentration. The study 
will also investigate the ·compounds responsible for generating the odour in one of 
herbicides. 

I have heard and understood an explanation of the study, and have been given an 
opportunity to discuss the proposal and ask questions about it. I am satisfied with the 
answers I have been given. 

I have had enough time to consider whether to take part, and to discuss my decision with 
a person of my choice, and the doctor/researcher. 

I know who to contact ifI have any questions about the study. 

I understand that: 
• my taking part in this study is voluntary (my choice) 
• I am free to withdraw from the study at any time and for any reason 
• I have read and understood the compensation statements on the Information Sheet 
• my participation in this study is confidential, and no information that could identify 

me will be used in any reports on this study. 

I have read and understand the Information Sheet. I will be given a copy of this consent 
fonn. 

I understand that this study has received ethical approval from the Southern Regional 
Health Authority Ethics Committee (Canterbury). 
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Agrichemical Spraydrift and Odour 
Jeff Brown, Air Quality Scientist, Lincoln Environmental 
Ph 325 3736 

I wish to receive a copy of the results summary of this study: Yes/No 

I consent to take part in this study. 

Participants signature: Date: 

In my opinion, consent was freely given and the participant understands what is 
involved in this study. 

Witness's signature: . Date: 
Witness is to be .. a person o/ihe participant's choice. 

P:IETBJCSIINFORMED.DOC 
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APPENDIX II: 

Commercial Herbicide Odour Measurement Data 



2,4.0 BUTYL ESTER ODOUR TESTING RESULTS 

27-Sep 14.5 58 2 1 14,000 mylar bag, T > 14 

25-0ct 12.2 66 10 .6 5,204 mylar bag, old sotution 

02-Nov 12 64 10.6 17.697 
; 

mylar bag 

12-Nov 11.5 15.B 29.1 32.33 30 2556 2.94 chemical sam~g only 

08-Mar 13.6 112 11 9,997 13.6 22.9 25.44 30 2012 0 my~bag 

08-Mar 14.4 112 11 13,766 13.6 22.9 25.44 30 2012 3 .3 ledlar bag 

20-Mar 15.8 47 11 40 ,566 15 .B 19 21.11 30 1669 15.4 mylar bag 

14.8 47 11 15,441 15 18 20 30 1581 14.8 1edlarbag 

26-Mar 13 69 11 8,611 13 18 20 30 1581 0 tedlarbag 

26-Mar 13.5 69 11 12,305 13 18 20 30 1581 o · mylar bag 

12-Jun 11.8 50 12 12,1 19 11.B 39.39 43.77 30 3460 0 mylar bag 

12-Jun 11.8 50 12.3 19.211 11.8 38.29 42.54 30 3364 0 tedlarbag 

12.6 13,881 11.8 32.82 36.47 30 2883 55.78 tedlar bag - filed with odour 
2 days bef01e 11.9 50 12-Jun 

7.8 68 12.3 7,611 !-9 36 40 30 3163 5.72 tedlarbag 

26-Jun 8 .8 68 12 8,222 8.4 20 22.22 30 1757 3.55 mylar bag 

12 7,011 9.1 20 22.22 30 1757 0 tedlar bag - flushed & filled 
with odour on 2516 9.1 68 26-Jun 
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2,4-0 AMINE ODOUR TESTING RESULTS 

27-Sep 14.5 58 2.1 10,100 no Tcontrol 

H!-Oct 13.2 40 11.2 4 ,245 mylar bag 

25-0ct 14.8 66 10.4 3,593 Old S<*ltion 

02-Nov 12 64 10.6 5.846 m)W bag 

08-Mar 15.8 112 11 17,157 mylar bag 

08-Mar 14.2 112 11 24,552 tedlat bag 

15-Sop 9.3 66 35 8,087 9.7 1057 mylar bag 

29-Sep 13.2 98 38 16, 157 13.4 1092 mylar bag 

29-Sep 13.2 98 38 18,730 13.4 1819 myla' bag 

06-0ct 9.3 87 32 10,249 9.8 2488 mylar bag 

06-0ct 10.9 87 32 7154 11 2676 mylatbag 

OS-Oct 11.5 87 38 14735 11.8 2350 mylar bag 
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2,4-0 ETHYLHEXYL ESTER ODOUR TESTING RESULTS 

.. , . . •. · ~··~~.:.: .. ·. ::· ..... -.: 

:~~L~·itk4, f Iii.i;. 
21-0ct 8.8 60 38 28.1 14 9.1 4433 mylar bag 

21-0ct 10.4 60 32 27.258 10.1 6033 mylar bag 

21-0ct 10.1 60 18 18.753 10.1 5633 mylar bag 

22-0ct 10.7 51 32 23.935 10.7 2566 mylar bag 

22-0ct 10.9 51 35 19,581 11 1867 mylar bag 

22-0ct 11 .3 51 32 19,397 11.4 2300 mylar bag 
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MCPA ODOUR TESTING RESULTS 

,j.~Jit~ :.t~i ~tf.1i., ~~~rrijf' .... 
27-5ep I 14.5 I 58 I 21 34100 - - mylar bag 

8-0ct I 14.3 I 40 I 11.2 10878 - - mylar bag 

25-0ct I 13.9 I 66 I 10.6 9184 - - mylar bag 

02-Nov I 12 I 64 I 10.6 19482 - - mylar bag 

5-Sep 1 10.2 r 66 T 32 31662 10.1 , 1356 mylar bag 

29-Sep 12.8 98 32 43184 13.5 2007 mylar bag 

29-Sep 13.2 98 29 19677 13.3 1329 mylar bag 

06-0ct 11.2 87 38 34598 11.3 2687 mylar bag 

06-0ct I 11.6 I 87 29 23721 11.6 2038 mylar bag 

06-0ct I 11.6 I 87 30 33508 11.5 2154 mylar bag 

i{:<: 
:j~I\~f; 
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