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ASSESSMENT OF THE ECOLOGICAL CONSEQUENCES OF HERBICIDE USE 
ALONG TRANSMISSION LINE RIGHTS-OF-WAY AND 

RECOMMENDATION FOR SUCH USE 

by 

John D. Buffington 

ABSTRACT 

Because of the large amount of land involved, the public 
concern over environmental effects, and the potential for adverse 
effects on human health and safety, the use of herbicides to main
tain transmission line rights-of-way must be regarded as a vital 
area for environmental assessment. Until recently, vegetation 
management programs presented to the U. s. Atomic Energy Com
mission as part of a license application emphasized the use of 
2,4-D, 2,4,5-T, silvex, picloram, and dicamba. Review of the 
literature dealing with these herbicides leads to the conclu- · 
sion that they should be regarded as hazardous substances which 
may be used to society's benefit for vegetation management along 
transmission lines so long as reasonable precautions are fol
lowed. A series of recommendations is included which, if fol
lowed, should prevent unacceptable environmental damage and 
hazard to human health. 

1. INTRODUCTION 

One of the major uses of land ·in this country is utility rights-of-way. 

Millions of acres are· set aside as corridors for pipelines and cables. For 

overhead electrical transmission alone, more than seven million acres are 

presently set aside, with a potential for doubling by the year 2000 (Hammond, 

Metz, and Maugh; 1973). Such a large-scale enterprise inevitably brings 

attendant problems. Siting, construction, and maintenance all present oppor

tunity for mismanagement of a variety of natural resources. 

One of the major tools for managing vegetation along transmission line 

rights-of-way (ROW) is herbicides. A wide spectrum of herbicides are ~vail

able to vegetation managers. They have been employed for several decades as 

an economically advantageous means of keeping ROW's clear. With increasing 

5 



6 

awareness of. the environmental results of man's past practices, some segments 

of society have raised questions concerning current societal practices in a 

variety of areas, including the use of herbicides. 

The question of the ecological consequences of herbicide use has become 

embroiled in questions of human health and safety because of a number of 

questions raised in the scientific literature, as well as in moral issues 

raised by its use in warfare. Both the ecological questions and the human 

health and safety questions are matters of environmental concern which must 

be addressed by the vegetation manager. 

As part of the review of the environmental consequences of licensing a 

nuclear power plant for operation, the management program for transmission 

lines, including vegetation management, is assessed by the regulatory staff. 

Because of the intense interest in herbicides displayed by some individuals 

and groups, and because the matter has been raised in licensing proceedings, 

this paper will examine some of the issues of interest. The scope will be 

limited to ROW management practices. While much of the discussion is appli

cable to the use of herbicides for construction of ROW's, this area will not 

be sp~cifically addressed. 

Federal regulation of pesticides was formerly based on the Federai 

Insecticide and Rodenticide Act of 1947. Late in 1972, Congress passed and 

the President signed the Federal Environmental Pesticide Control Act of 1972, 

which made a number of changes in the existing law, some to be implemented 

immediately. others gradually [Federal Register 38_(5), 1142-1145]. Among 

t~e more important aspects of the new legislation is that the use of pesti

cides (including herbicides) in other than the registered manner is now a 

violation of law. 

Problems associated with the introduction of potentially hazardous 

chemicals into the environment can be viewed in light of (1) the levels 

necessary to do damage, (2) the nature of the damage, (3) the mobility, 

residence, and degradation in the environment, (4) bioaccumulation, and 

(5) the exposure pathways including the influence of the method of 

application. Consideration .of potential environmental hazards of herbicides 

.. 



must also include assessment of their contaminants. The purpose of the 

present evalua~ion is not only to review the situation, but also to offer 

guidance which will help avoid unacceptable hazards. 
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2. VEGETATION MANAGEMENT PRACTICES 

Vegetation along tranmission corridors is managed to insure ease of 

access, to keep the lines clear, and to prevent trees or limbs from falling 

on the lines. Among the most common herbicides used in ROW maintenance are 

one . or another of the five chemicals shown in Fig •. 1. The phenoxy herbicides 

include 2,4-D (2,4-dichlorophenoxyacetic acid), 2,4,5-T (2,4,5-trichloro

phenoxyacetic acid), and silvex, or 2,4,5-TP [2-(.2,4,5-trichlorophenoxy) 

propionic acid], all sold under a variety of trade names. These are or have 

been available as acids, salts, and esters. Picloram (4-amino-3,5,6-tri

.chloropicolinic acid) is a picolinic acid derivative, mQ~~ CQmmonly known 

by its trade name Tordon. Dicamba (3,6-dichloro-o-anisic acid) is frequently 

referred to by its trade name Banvel. All of these chemicals are registered 

for ROW maintenance in a variety of formulations and chemical mixtures for 

various methods of application. 

~,0 

~~~OH 
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Cl 
l,4,5-T 

0 
. II 

CIYNrC-OH 

Cl.lyc, 
NH2 

Piclorom 

Slivex 

Oicombo 

Fig. 1. 

Chemical Structure of the Prin
cipal Herbicides Discussed. 

There is a variety of application techniques commonly used. A basic 

distinction can be made between broadcast and selective treatments. Broad

cast spraying, as the term indicates, covers a large area in an unselective 

manner. It is a common method used for rapid and cheap vegetation control, 

as for example along highways. Although ground-equipment is available for 

spraying, broadcast application from fixed-wing aircraft and helicopters 

is common. Since helicopters can fly lower and more slowly, and consequently 

can direct their spray more closely, they are preferred where aerial 

application is the only alternative available. 



There are a variety of selective application techniques commonly employed. 

Some, such as foliage sprays, may also be broadcast in actual practice. 

Foliage application depends on wetting the leaf surface; wetting of the stem 

is secondary. The herbicide may be applied either by spraying or by misting. 

For foliage applications, a water-based spray is usually used. For stem

foliage spraying, oil is added to increase bark penetration. 

A technique often used along ROW's is basal spraying. Here the bark of 

the trunk is sprayed to saturation from the ground to about two feet .above, 

usually with an oil-based mixture. This technique may be used during any 

season. A similar technique is the dormant cane treatment; here stems and 

branches are soaked during the vegetation's dormant season. The term "stump 

treatment" designates the technique of spraying or painting an oil or water 

formulation on the stumps. Individual trees may be killed by injection or 

by frilling, which consists of making a series of cuts around the trunk, 

pulling the bark back, and applying the herbicide to the exposed surface. 

Another technique, the basal soj_l treatment, which can be used in either· 

a broadcast or selective manner, is the application of pelletized herbicides 

such as picloram. The pellets are simply scattered on the ground around all 

vegetation to be killed. 

A major adverse impact of the use of herbicides results from the drifting 

of droplets of spray to vegetation beyond the area of intended application. 

Consequently, wind is a major factor that must be considered in spraying. 

House et al. (1967) indicate that many commercial firms do not perform aerial 

application in winds over 5 mph. Another variable which must be taken into 

consideration at any wind speed is the size of the droplets. Figure 2 

indicates the relationship of droplet size to amount of drift in a 5-mph wind. 

According to Akesson et al. (1971), a volume mean diameter of 200-300 ~appears 

to be the smallest droplet thal can be used without incurring unnecessary drift 

problems. There is a variety of thickeners, etc. currently available commer

cially which are commonly used to help ameliorate this problem (see, for 

example, Laning and Holmsen, 1969). The U. S. Forest Service (1973) is 

limiting application to the use of ground spray equipment with a droplet size 

in excess of 200 ~· However, since the phenoxys require ahn11t 75 droplets/in?. 

~9 
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regardless of size of the droplet (Behrens, 1957), application of too large a 

droplet (>800 ~) will necessitate a higher rate of application. 

FALL 
DISTANCE 

IN 
FEET 

LATERAL MOVEMENT IN FEET 

5 M.P.H. WIND -

Fig. 2. Approximate. Lateral Movement. of Spray Par
ticles Falling at Terminal Velocity in a 5 mph 
Cross Wind (from Reimer, et aZ., 1966). 

AnOther suuret:! uf of£-Rml contamination is eh~ vn1:~i.lll:t.ct.LluL·L o£ the 

applied materials. For example, propylene glycol butyl ether, butoxy ethanol, 

and isooctyl esters all have low volatility, while isopropyl butyl, n-butyl, 

isobutyl, and ethyl esters are regarded as having high volatility (Norris 

et al., 19/2). The U. S. Furt:!::>L Service (1973) has mandated th~ use of no 

high-volatility esters and also prohibits spraying when the atmospheric 

temperature exceeds 80°F, and the relative humidity is less than 50%. 

(These restrictions are applied by the Forest Service to aerial application 

in the Eastern Region only. The 80°F temperature limitation appeared in 

the Draft Environmental Statement of the cited reference. This was changed 

in the Final Statement to a restriction of when "temperature is less than 50°", 

No explanation is offered for the change. Since volatilization will be greater 

at high temperatures, the 80°F suggestion appears more reasonable.) The lim

itations indicated in these two paragraphs to ameliorate drift and volitaliza

tion problems are implemented in the Recommendations in Chapter 7. 



While all of these treatments are utilized to a greater or lesser .extent for 

various purposes including ROW management, the license applications received 

by AEC frequently refer only to selective application techniques. Consequently, 

the following discussion will ,emphasize the potential environmental hazards 

associated with the selective application of the five herbicides indicated 

above as being the ones most commonly referenced in AEC license applications. 

Applications received in recent months suggest a trend away from these herbi

cides. If a ·new use pattern becomes obvious, the matter will be again reviewed 

at an appropriate time. 

11 
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3. HEALTH AND SAFETY IMPACTS 

3.1 Teratogenicity of Dioxin 

Much of the public controversy surrounding the use of phenoxy herbicides 

relates to their potential teratogenicity (ability to cause malformed fetuses) 

either directly or due to a contaminant present in some of them. This con

taminant is 2,3,7,8-tetrachloro-dibenzo-p-dioxin, commonly called dioxin or 

TCDD, and may be produced in the manufacture of 2,4,5-T and 2,4,5-TP. It 

does not uccur lu 2,4-D. 

Much of the work which raised people's concern about the teratogenic 

effect of herbicides appears now to have been based upon tests of 2,4,5-T 

containing several tens of parts per million dioxin contamination (see, for 

example, Courtney et aZ., 1970). The herbicides used in Vietnam contained 

this level of contaminant, but 2,4,5-T with less than 0.05 ppm dioxin is 

currently available (Edmunds, et aZ., 1973). 

That dioxin is a powerful and dangerous substance is well demonstrated. 

The administration ot 0.125 )lg/kg body weight/day of dioxin t:o pregnant rats 

through the 20th day of gestation produced noticeable effects in the fetuses. 

Higher concentrations had greater effects, while there was no detectable 

effect at 0.03 )lg/kg (Sparschu et aZ., 1971). The substance has been found 

to be metabolically activ~ at 4.66 x lo-1 2 moles per chick egg (Poland and 

Glover, 1973). Both physical and biochemical disturbances have been noted in 

rats exposed to dioxin one time at a rate of 1 )lg/kg (Buu-Hoi et'aZ., 1972). 

The LDso for guinea pigs is 0.6 )lg/kg (Johnson, 1971). Baughman and Meselson 

(1973) have reported .concentrations in Vietnamese fish from sprayed areas such 

that if a guinea pig were to eat his own body weight of fish it would ingest 

approximately this LD 50 amount. 

Because there are absolutely no benefits associated with introduction of 

dioxin into the environment and because of the potential hazard even at low 

concentrations, care must be exercised to avoid creating a hazard where none 

need exist. Commonly used detection techniques are several orders of magnitude 



less sensitive than the level at which dioxin :i,s metabolically active, cons.e

quently unnecessary human exposure must be avoided. 

3.2 Teratogenicity of Phenoxy Herbicides 

'Since much of the early work, such as the famous Bionetics study:for 

·the National Institute of Health, is based upon the use of contaminated 

herbicides, .and sinc.e the levels of contamination were such that it is 

difficult-to define the source of teratogenicity, the early studies w~ll be 

ignored. Instead, recent more definitive work will be used as the basis for 

an evaluation. 

A study by Emerson et al. (1970) ·failed to demonstrate teratogenicity of 

. 2,4,5-T with less than 1 ppm dioxin in Sprague-Dawley-derived rats. Thompson 

et al. (1971) similarly could demonstrate no teratogenicity in either Sprague

Dawley rats or New Zealand white rabbits at up .to 50 and 40 mg/kg, respectively, 

of 2,4,5-T. More detailed treatment is given by Emerson et aZ. (1971). These 

results were confirmed with CD rats in a study by Courtney and Moore (1971). 

However, these authors did determine that this herbicide was teratogenic in 

several strains .of mouse. Analytical grade 2,4,5-T produced fetal abnor

malities at 100 mg/kg with some indication of dose-related response. Impurities 

in the analy~ical grade·herbicide are listed as "O" on the basis of analysis by 

the manufacturer. The same authors (Courtney and Moore, 1971) found the butyl, 

isooctyl, and propylene glycol butyl ether esters all teratogenic at this con

centration in CD-1 mice. Interestingly, a single dose of this magnitude appar

ently can be fatal to dogs (Drill and Hiratzka, 1953). Roll (1971) states 

that 20 mg/kg/day is the "teratogenic no-effect" level in NMRI mice. As fur

ther evidence of the species-specific nature of the substance, Table 1 indi

cates the effects of 100 mg/kg doses administered chronically (Palmer and 

Radeleff, 1969). The differences in experimental design between this and the 

other cited studies are recognized. The table ls included for comparative 

purposes. 

If anything is apparent from these difficult-to-compare experiments, it 

is that there is a large and unprerlir.te1hle interspecific difference in 
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Animal 

Cattle 

Sheep 

Chicken 

Table 1. Results of Multiple Oral Dosing of 
2,4,5-T at 100 mg/kg* 

No. of Doses Means of Dosing Results 

10 .Drench No ill effects 

8 Drench Poisoned after 
doses and died 

10 Capsule 36% weight gain 

*Palmer and Radeleff (1969) 

3 

response to exposure to 2,4,5-T. As might be expected, such variables as 

nutrition also affect response to 2,4,5-T exposure (Hall, 1972). 

To date less public attention has been fixed on 2,4-D. Dioxin contamina

tion does not appear to be formed in the manufacture of 2,4-D (Norris et aZ., 

1972). Consequently, teratological and other effects should be ascribable 

to the herbicide itself. Khera et aZ. (1971) produced teratogenic effects 

in rats with 100 mg/kg of 2,4-D, while 25 mg/kg had no apparent malformative 

effects, and experiments at 50 mg/kg were inconclusive. Collins and Williams 

(1971) reported teratogenic effects on the Syrian hamster at concentrations 

of 60 mg/kg, which they translate into a permissible human dietary intake at 

a U.3-ppm tolerance level. Cherry (19/0) speculates on the mode of biochemical 

action of 2,4-D and 2,4,-5-T in animals. 

Silvex has not received much experimental attention, although Courtney 

and Moore (1971) report that it is teratogenic to neither the CD-1 nor the 

CD rat. 

3.3 Non-teratogenic Effects 

Regarding the question of other damage at the cellular level, Anderson 

et aZ. (1972) indicate that herbicides in general, including the phenoxys, 

dicamba, and picloram, are not demonstrably causative agents of point 

mutations. However, work with Drosophila (D~vring and Sunner, 1971) indicates 

that butoxyethyl ester of 2,4,5-T with .a guaranteed dioxin contaminant level 

of <0.1 ppm affects early oogenesis and causes chromosome disturbances at 



concentrations approximating field applications. Ail examination of phenoxy 

herbicide factory workers showed no chromosonal effects (Johnson, 1971). At 

concentrations of 2,4,5-T and 2,4-D less than 100 mg/kg/day, Walker et aZ. 

(1972) demonstrated. inhibition of ascites. tumor development. While in part· 

this may be due to demonstrated effects on nucleic acid and prote:i:n synthesis, 

Bjorklund and Erne (1971) found morphological kidney changes in chickens ex

posed to 2,4-D and 2,4,5-T. Consequently, at this time there are suggestions 

in the literature that the cellular and subcellular effects of phenoxy herbi

cides may include responses in addition to teratogenesis. The area certainly 

needs more attention from the scientific community. 

While picloram has received less attention than the phenoxys, Johnson 

(1971) reports that a three-generation study of rats on diets containing up 

to 3000 ppm picloram showed no adverse effects with respect to indexes of 

fertility, gestation, viability, and lactation or with respect to body weight 

or fetal teratology. In separate experiments, 1000 mg/kg/day resulted in 

a small increase in fetal resorbtio~; at 2000 mg/kg/day most females died 

by day 20 although their fetuses appeared normal. 

Acute toxiC'ity does not appear to be a proble~·for application at the 
::., .:· 

rates expected along ROW's. For the phenoxies and.picloram to be toxic to 

rodents the dose required is several hundred to. several thousand mg/kg 

body weight (Johnson, 1971). The LDso for dicamba also appears to be several 

hundred mg/kg (Pond, 1972). 

3.4 Effects on Man 

The matter of herbicide effects on humans has not wanted for attention. 

The extensive use of herbicides in Vietnam prompted the American Association. 

for the Advancement of Science to send a team of investigators in 1970 to 

assess the situation. A.final report of their investigations is not yet 

available; however, preliminary reports have been issued (Meselson et aZ., 

1970, 1971). The team noted suggestive indications of herbicides affecting 

human births but concluded (Meselson et aZ., 1970, p. 7): "The survey approach 

offers little hope of proving or disproving any relation between herpicide 

exposure and the incidence of birth defects unless one can find sizeable groups 

15' 
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of similar people living under similar conditions, one heavily exposed and 

the other not exposed." In other words, they regard the question as remaining 

open. This Report of the Advisory Committee on 2,4,5-T (Environmental Pro

tection Agency, 1971) concluded that, despite the manifold difficulties con

fronting the efforts of the AAAS commission: "It must be emphasized, however, 

that the searches that have been made almost certainly Would have revealed any 

marked increase in the incidence of birth defects or the introduction of a 

striking defect such as that produced by thalidomide. In spite of considerable 

effort, no such occurrences were found." In his minority report appended to 

that document, '1'. D. Steele indicates dissatisfaction with such a strong pre

sumption of rto effect because of the adm1~ted problems associated with the 

uncertainty of the AAAS data. 

In any application of the Vietnam findings to questions relating to 

domestic use for right-of-way maintenance, one must remember that in Vietnam 

the concentrations used, the frequencies of delivery, and the contamination 

level were all far greater than those applicable domestically. 

Several other presumed cases of human teratogenicity based on the use of 

2,4,5-T were examined by the Advisory Committee. These include a situation 

in Globe, Arizona, where phenoxy herbicides were used over a several-year period 

allegedly resulting in two .human miscarriages and abnormal births in some 

domestic animals. The Commission concluded that: "In all likelihood none of 

these reported effects was due to the. spraying." 

In the case of Swedish Lapland where abnormal births of both reindeer and 

humans were allegedly caused by phenoxy herbicide spraying, the Commission 

reiterated the findings of German and Swedish scientists that there was no 

evidence to relate the human birth defects to herbicide use. 

A more recent paper of alleged 2,4,5-T-induced abnormal human births was 

not available to the Commission (Sare and Forbes, 1972). If this case is the 

result o~ more than coincidence, a combination of unknown dioxin level and 

contamination of drinking water supplies might be responsible. 



In humans, the major non-teratogenic problems identified have been 

(1) chloracne and mucous membrane irritation, (2) hepatotoxicity, neuro

muscular symptoms, psychologic alterations, and other systematic symptoms, 

and (3) porphyria cutanea tarda (Poland et al., 1971). These symptoms, it 

must be emphasized, have been found in industrial workers chronically exposed 

~o high concentrations of herbicides. Reports also exist in the literature 

of adverse physiological effects in persons applying phenoxy herbicides 

(Goldstein et al., 1959; Sare, 1972). However, there is apparently no 

indication that persons not engaged in the application or manufacture of 

these substances develop these problems. 

Objections have been raised and will continue to be raised to experiments 

which rely on large doses of an investigated substance applied to an animal 

phylogenetically remote from man. Sterling (1971) discusses the issue at some 

length for herbicides. The fact remains that contemporary decision making 

almost universally relies on such analysis for a variety of reasons, principally 

because of cost-benefit considerations. Until such time as society is willing 

to invest the necessary resources to investigate chronic effects of low-level 

exposure, the positive results obtained from short-term acute experiments 

must be heeded. As Zimdahl (1972) points out, man is 60 times more sensitive 

to thalidomide than the next most sensitive animal (mouse). The whole question 

o.f accep~able risk is, in his view, a societal problem. Consequently, con

servatism requires that the phenoxy herbicides and dioxin, their sometime con

taminant, are to be regarded as teratogenic; therefore, appropriate care must 

be exe.rci sed in using them. This does not pre~..:lud~ employment: of herbicides, 

however, so long as their use is such as to not result in exposure of the popu.

lation to levels such that adverse consequences will develop. 

Obviously the cost/risk relationship for ROW maintenance will differ sub

stantially from other uses such as aquatic weed control of potable water 

supplies. 

17 
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4. PERSISTENCE, MOBILITY, AND DEGRADATION 

4.1 Herbicides 

The potential adverse impacts of a substance 'introduced into the environ

ment can be magnified or ameliorated by its behavior in the system into which 

it has been introduced. Substances present in the parts-per-million range 

may be major environmental contaminants if they are persistent and magnify in 

the food chain, while materials originally present in amounts several orders 

of magnitude greater may turn out to be of no concern if they decompose quickly 

to nontoxic components (cf. Menzie, 1969). Likewise, the physical pathway 

may be extremely important as, for example, when a substance is removed from 

the topsoil by precipitation only to pass to the groundwater or to running 

water. Quantification of the pathways illustrated in Fig. 3 is, of course, 

desirable, especially since they, and consequently their impacts, will differ, 

depending on the nature of the substance and the character of the application. 

Direct applica
tion to bodio~ 
ot water 

Avoidable 
damage 

Biological 
decomposition 

APPLICATION 

SoU\oM;o) 
'- Remuval 

lly rain 

Drift and 
vol alii ization 

Avoidable 
damage 

Uptake by plants 

'~"·/) 
Uptake by animals 

Runoff to water 
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Biological decomposition appears to be affected by temperature, moisture, and, 

of course, microbial activity (DeRose and Newman, 1947), as well as type of 

litter, formulation, and presence of other pesticides (Norris and Greiner, 

1967). Physical degradation of 2 ,4-D is accomplished by light in dilute 

aqueous solutions of humic acid (Crosby and. Tutass, 1966), although the 

significance of this in nature is unclear in view of the work of Aly and 

Faust (1964). Picloram may behave similarly (cf. Buttery et aZ., 1972). 

Bovey et aZ. (1969) have noted photodecomposition of picloram under field 

conditions. Decomposition of dioxin is discussed below. 

Decomposition is not an instantaneous process, and mobility in the soil 

is one pathway of potential concern. An application of picloram, for example, 

may result in contamination of watersheds with enough herbicide to damage 

irrigated sensitive crops, while that which does not leach may be highly 

persistent (Davis et aZ., 1968). The literature on dicamba is poorly developed; 

however, Salman et aZ. (1972) have shown that in spring, residues of 0-L6 ppb 

occur in water from ditchbanks that were sprayed the previous fall. 

Norris and Moore (1970) review much of the literature of stream contamina

tion, including the earlier observations by Norris (see citations therein). 

It appears that aerial spraying of forests with phenoxy herbicides will result 

in some contamination of local streams, but only in the 0.1-ppm or lower range 

and then only for a short period immediately after the· spraying. Contamination 

with amitrol to 0.4 ppm for a short period has also been observed. Norris 

concludes (1968): "Unless heavy application is made directly to the stream, 

the major potential for stream contamination is from heavy rain or land 

movement resulting in heavy overland (surface) flow of water and sediment 

shortly after application.'' It should be recalled that Norris is talking in 

this context of broadcast as opposed to selective application. Runoff of 

picloram to 3.8 ppm has been observed by Trichell, Morton, and Merkle (1968). 

Both the rate of application and the slope of the land influenced runoff. 

In observations on a transmission-line ROW (Fig. 4), peak runoff occurred 

during the first storm after application. This case also involved a broadcast 

application. The herbicide used was a mixture of 2,4-D and picloram, and the 

combined total of both herbicides was less than 1 ppm in the runoff. Evans 

and Duseja (1973) conclude that if the initial precipitation after spraying 
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Fig. 4. · Relationship of J:Ier.bicide Runoff to Pre
cipitation (from Norris and ·Moore, 1970). 

is insufficient ~o transport the herbicide across the soil, there appears to 

be little future danger of herbicide movement. 

Figure 5, from Norris (1970), compares the degradation rates for several 

. herbicides. While 2,4,5-'l' is shown to be somewhat more persistent than 2,4-D, 

it is reasonable to consider that both will degrade completely during the 

course of pne growing season. If the shortest-term persistency is desired for 

a particular application, 2,4-D would appear to be preferable. Bovey and Baur 

(1972) observed that 2,4,5-T in grassland may disappear in as quickly as six 

weeks in some localities, and that in 12 weeks it was less than 10 ppb at all 

sites. Picloram, on the other hand, degrades much more slowly than 2,4,5-T. 

It appears possible that under some conditions long-term concentrations of 

picloram may build up, with as yet undetermined consequences. 

Bovey and Scifres (1971) observed a picloram loss rate of 2.5 to 3%/day 

for 30 days in dry areas of Texas, but they mentioned the importance of chemical 
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·persistency and.suggested that dilution in.the soil may be an important 

dissipation mechanism. They could detect residues,in a semiarid site one 

year after application at 0.5 lb/acre, but not after three years. Lutz et al. 

(1973) found 10% persistency after 100 days in North Carolina loams planted 

to.orchard grass .. Hamaker et aZ. (1967) found that the half-life for picloram 

under various conditions ranges from 1 to 13 months, and David, Ingebo and 

Pase (1968) showed that stream contamination continued for several months 

after an application of picloram pellets to the soil of a watershed. In 

fact, the persistency of picloram is such that Lange et al. (1968) even 

recommended against its use in crop rotation. 

As far as dicamba is concerned, the literature reviewedby Pond (1972) . 
indicates.that residues should also be negligible after a year (see·citations 

in that reference), and Lange et al. (1968) state that even with,an.application 

.rate of 16 lb/acre only minor plant damage resulted from dicamba residue. 

It seems t.hAt. even in different types of communitico, the degradation 

pattern of these herbicides is similar enough so that one can assess the 

impacts of persistency without becoming bogged down in site-specific details . 

. Obviously, if one ROW receives more rain than another, the dispersion will be 

more rapid in the wetter region. However, since it is prudent to restr.i.ct the 

application of any herBicide to once a year, the knowledge that the.persistency 

;·of residues of those mentioned above, except picloram, is usually a year or 
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less should $uffice, unless one encounters site-specific problems. Evidently 

one must be more careful with picloram than with the others since its per

sistency under some conditions may produce undesirable impact. It should be 

used only where there is specific reason for not using other, less persistent, 

herbicides. Even then t4e potential damage should be carefully assessed be

forehand. If repetitive applications are made, the potential for buildup in 

the soil should be carefully examined. 

Annual use of the phenoxies or dicamba should not result in long-term 

soil contamination. Moreover, selective application on ROW's where direct 

spraying ot bodies of water does rtoe occur should no~ resul~ in any adverse 

effects to water resources including their biota. 

4.2 Dioxin 

As indicated above, the root of much of the public concern over the 

use of phenoxy herbicides is the presence in some formulations of 2,3,7,8-

tetrachloro-dibenzo-p-dioxin as a contaminant with potentially severe hazard 

to human health and safety. There is an obvious technologic?! problem in 

detecting a compound present in the ppm range as a contaminant of a substance 

which itself is thinly distributed in the environment. The problems of t'he 

sensitivity limits obviously make early reports of no detectable re~idue~ 

of little value. 

More recent work has been pertormed at the Eglin Air f'orce ..tSase in 

Florida where from 1962-1970 massive dosing of a soil type known as Lake

land Sand was done by aerial bombardment. Within a three-year period, as 

much as 94'/ pounds per acre of 2,4,5-'1' were applied (Anonymous, 1972). 

Between November 1969 and May 1971, Woolson et al. (1Y7l) gathered soil 

cores from the upper three feet of soil and analyzed them for dioxin con

tamination. Using electron-capture gas chromatography they were unable to 

detect any dio~in down to their minimum detection level of 1 ppb. The herbi

cide used for these applications was probably highly contaminated with dioxin. 

Explanations for the absence of dioxin have been offered (Anonymous, 1972) 

and include microbial degradation, photodecomposition, volatility and/or 

wind erosion. [In contrast with this opinion, Crosby et al. (1971) found 



negligible photodecomposition in aqueous suspensions and on wet or dry soil.] 

The same investigators report no dioxin contamination of bald eagle tissue 

obtained from 15 widely separated states at a level of sensitivity of 0.05 ppm. 

This species was chosen because as a top carnivore it would be likely to display 

any bioaccumulation effects. 

The results of these observations have been widely distributed as evi

dence that no long-term hazard from dioxin contaminants is associated with 

use of phenoxy herbicides. The observations by Baughman and Meselson (1973) 

have reintroduced the issue as a major potential problem. 'l'hese investigators 

used mass spectroscopy with a cleanup procedure including gas chromatography 

to remove interfering substances. They claim resolution approaching lo-12 

or one part per trillion (ppt). This is three orders of magnitude more sensi

tive than the methodology of the Eglin Air Base study. Using these techniques, 

Baughman and Meselson claim to have detected dioxin levels of 18-814 ppt in 

fish and crustacea caught in 1970 in· South Vietnam near areas which had been 

heavily sprayed. They further hypothesize bioaccumulation. 

The first observation that must be made is that the highest concentra

tion observed by Baughman and Meselson is still below the limits of sensi

tivity of the best available earlier studies claiming no residues (the Eglin 

study). This is not too surprising since the furor over many environmental 

pollutants is based upon analytical refinements permitting us to discover 

hitherto undetectable concentrations. Given that thi~ particular contaminant 

is now detectable in the biosphere by improved analytical techniques, what 

are the impacts at that level? Baughman and Meselson hypothesize that the 

substance will accumulate in food chains. Storage to lethal levels has been 

reported in primates (Allen and Carstens, 1967). Consequently, there is some 

evidence that even if undetectable residues of dioxin were in the environment, 

they may be concentrated in higher trophic levels. Furthermore, as noted 

above, the levels detected in fish would be lethal to guinea ~igs, thereby 

suggesting that residues in the·lo-10 to lo-1 2 range are of concern. 

To properly assess the import of these data to ROW considerations, 

we 111u8L r:~c.;all LhaL Lhe typical level of herbicide application for brush 

control on grazing land would be six pounds per acre over a three-year 
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span as opposed to the 947 pounds per acre in the Eglin case. This is 

well over a two order of magnitude difference. Moreover, the dioxin con

tamination during the period when herbicides were being manufactured for 

use in Vietnam was reported to be as high as 40 ppm. Currently available 

supplies can meet a 0.05 ppm residue limitation. Consequently, we are 

again speaking of well over a two order of magnitude difference. Informa

tion on Vietnam spraying rates and frequencies are not readily available, 

but i~ we sssume conservatively that a situation such as Eglin results in 

contamination at a level of 10-9 , then a more typical domestic broadcast 

spraying program sllould result in residues we.l.OI under J o-13, Selective. 

spraying will further reduce this by perhaps two orders of magnitude. While 

dioxin is potentially a sufficiently potent substance to indicate that any 

intrusion. into man's immediate environment as by contamination of foodstuffs, 

contamination of potable water supplies, or unnecessary direct exposur.e is 

to be avoided (a fact implicitly recognized by the EPA suspension of 2,4,5-T 

for household use), residues at the level which appear to concern us here 

should not constitute a hazard to human health and safety when proper 

application procedures are followed. Moreover, as will he discussed below, 

selective application in wildlife habitat does not seem to have an unaccept

able impact on biota. Consequently; unless future research indicates that 

dioxin accumulates to dangerous levels in the food c.hain, ROW r~ppli c:Hion 

does not appear to present problems in this area. 

An .additional issue of dioxin hazard has been raised, namely as to 

whether dead vegetation containing 2,4,5-T might give off dioxin as com

bustion product upon incineration. Johnson (1971) offers experimental 

evidence to the contrary, but since the limit of detection for these studies 

was 5 ppm, the question is not resolved. Increasingly more stringent air 

quality requirements make burning of siash less. common than formerly. Many 

utilities allow the slash to decay naturally, thereby providing additional 

wildlife habitat. Hopefully, the improved methodology of Baughman and 

Meselson will provide data to more rigorously define the areas of concern 

and indicate if further adjustments in herbicide application techniques are 

necessary. 



5. ECOLOGICAL EFFECTS 

5.1 The Soil 

There is ample documentation of the fact that some soil bacteria de

grade herbicides. Since the soil is a dynamic system and may be considered 

a control valve in the nutrient cycles, it is vital that its functioning 

not be altered in such a way as to disturb the nutrient and productivity, 

dynamics of the system. Specifically, since herbicides are metabolic modi

fiers for some organisms and since they persist in the soil for a period of 

time ranging from days to years, there must be some assurance that the soil 

fauna and flora and the biogeochemical cycles of which they are a part will 

not be adversely affected. 

One of the fundamental soil processes is the nitrogen cycle. Jones (1956) 

examined the effects of a variety of pesticides on different microbial soil 

processes. The only herbicide he examined was 2,4-D, which at 1% demonstrated 

no effects on aerobic nonsymbiotic nitrogen-fixing bacteria. Ammonifying 

organisms were not inhibited at 0.25% or less, while nitrifying flora were 

toxified at 0.1% but unaffected at 0.01%. Since the latter concentration 

corresponds to an application rate of 200 pounds per acre, one could tenta

tively conclude that current practices should not disturb the nitrogen cycle. 

Kratochivil (1950) could not detect an effect of 2,4-D on the metabolic activi

ties of soil microorganisms, which he regards as being in agreement with 

similar conclusions from earlier plating-out studies. However, sinc·e Lenhard 

(1959) demonstrated shifts in Azotobacter nitrogen fixation,. growth, and 

dehydrogenase activity, the question is not settled. There is some evidence 

(Klyuchnikov and Petrova, 1960) that 2,4-D will affect soil fungus, but it is 

difficult to relate this fact to a real impact. Although the evidence that 

there is no discernable effect of 2,4-D on larger soil fauna (Rapoport and 

Cangioli, 1963) appears reasonable, apparently the substance will inhibit 

protozoa, which results in an accompanying increase in some soil micro-organisms 

(Ill'in 1961). 
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Despite minor discrepancies, the work of other authors, as reviewed by 

Fletcher (1960) and House et aZ. (1967) for example, generally substantiates 

the above observations. Skimpy though it may be, the evidence indicates 

that while these are some detectable alterations in soil biota exposed to 

2,4-D, they do not constitute adverse impacts. A similar conclusion was 

reached by Goring et aZ. (1967) regarding the effects of picloram. Like

wise, Tu and Bollen (1969) found no effects of this herbicide on ammoni

fication, nitrification, sulfur oxidation, and decomposition. It is doubt

ful that herbicides applied to ROW's as in current vegetation management 

programs will result in adverse imp~ct to the soil biota. 

5.2 Community L~Y~l 

A body of theory and literature concerning vegetation management along 

ROW's has developed through the years relating to both construction and 

maintenance. An extensive discussion of construction philosophies would 

be inappropriate here except in so far as construction techniques modify 

the nature of the ROW vegetation and consequently the extent and nature of 

herbicide application for maintenance. 

Techniques vary all the way from bulldozing and broadcast application 

of herbicide to selective killing of tall woody vegetation only. Herbicide 

use varies all the way from broadcast application of foliage sprays result

ing in dramatic "brownouts" of vegetation which must be repeated frequently, 

to the selective application of herbicides in such a way as to result in 

root kill of tall woody species only. Of course by cutting or burning, crews 

can maintain a ROW without the use of herbicides. Vegetation managers appear 

to be evolving techniques that are less likely to result in ecological damage. 

ROW's which were heavily and frequently treated a few yea~s ago are now re

verting to a more stable shrub and bramble community as management techniques 

change. Some companies appear to be modifying their techniques far more 

rapidly than others. For various reasons, in part no doubt because of the 

regulatory agency and public scrutiny which applications for a nuclear power 

plant receive, recent requests to the AEC for construction permits tend to 

propose vegetation management techniques which will have less impact than 

those which might have been proposed ten years ago. For example, selective 



application of herbicides is the predominant technique presented in applications 

for construction permits. In many cases a serious attempt is made to preserve 

vegetation, including woody plants, which will not adversely affect transmission 

l-ine .functions and maintenance. To a large degree this increased environmental 

sophist-ication appears to be an outgrowth of response to criteria published by 

the Department of the Interior (U. S.D. I., 1971). The reader is referred to 

this ·publication for a discussion of guidelines to ·reduce adverse environmental 

impact across a broad spectrum of ROW construction and maintenance problems. 

The primary effect of herbicides is, of course, that they kill vegetation. 

-Killing or altering vegetation off the ROW :is undesirable and unneccessary . 

. The likel.ihood o'f such events can be reduced by avoiding spraying .conditions 

which might result in·volatilization or drift as discussed in an earlier 

section. When extremely sensitive plants are growing near the ROW, alter

nate management techniques should be considered. Such re·strictions are 

somet.imes written into law. The State of New 'York for. example (N. Y. Dept. 

Env. Conser., '1971) can prohibit or restrict use of phenoxy herbicides in 

areas where damage xo grapes has been caused. Since woody plants can exude 

herbicides into the soil (Re'id and Hurtt, 1970) there is still the possibility 

of some damage occurring adjacent to the ROW even when all precautions are 

taken. 

The ecological consequences of floristic manipulation on the ROW will 

depend to a large degree on the objectives of the managers. A ROW with a 

diverse flora, including both forbs and shrubs, will display an "edge effect" 

resulting in a richer 'fauna because of the variety of available habitat, while 

a ROW planted to grass of low palatability·with little shrub growth even along 

the edges will provide a relatively sterile environment, even though to an un

critical eye it may appear neater. The former is the preferable alternative, 

but it is not ne·cessarily the result of herbicide use; either general com

munity type can be created without the use of herbicides. Nevertheless, in 

so far as the more complex community type is desirable, for those ROW's 

where herbicide is the management technique employed (in fact the majority 

of ROW's), selective spraying is to be preferred to broad·c-ast spraying. The 

obvious result of broadcast spraying is that much vegetation, such as woody 

shrubs and low growing trees, which does not have to be removed is killed. 
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This results in a simpler community with less desirable characteristics for 

the biota which use the corridor. Furthermore, the broadcast method frequent

ly does not result in root kill of the undesirable species, necessitating more 

frequent repetition of spraying operations. Except for special cases where 

the ROW is remote or the terrain forbidding, selective application of herbi

cides appears to be the clearly superior alternative as far as adverse im

pacts are concerned. For over 20 years Frank Egler has reviewed and con

tributed to the literature on environmental effects of vegetation management 
•• !• 

in ROW's. Although some of 'h±s>conclusions may differ from those presented 
' . ~ . ~-. 

here, the reader is referred ·,t:o.' )::hj,s l:i.tP.T:'A.t:1..1re for a more complete rl!view 

of the philosophy of vegetati'on management techniques (Egler, 1973). On the 

question of the more immediate effects of herbicides on wildlife, the reader 

.should consult Environmental Protection Agency (1969) .and Pimentel (1971). 

There are several long-term plots displaying various management tech

niques around the country. A well-known long-term experimental area has been 

maintained by Bramble and Byrnes in Pennsylvania. A recent publication 

(Bramble and Byrnes, 1972) describes the current state of the vegetation and 

reviews their earlier work. Of interest is the fact that a variety of treat

ments ranging from broadcast treatment to selective treatments all end up 

with similar community types, namely a brac.ken-sPdge-herb~bluebcrry community. 

However, the more drastic the original treatment, the more serious the initial 

disruption of the community (Fig. 6). For example, broadcast treatment re

duced cover by as much as 90%. Consequently, the soundness of selective 

application is again indicated. 

The value of ROW's to wildlife is a frequently cited benefit in the 

cost-benefit analyses of transmission lines. The promotion of a forest edge 

habitat where a forest formerly existed is presumed beneficial since most 

game species prefer the edge habitat. While there is a great deal of truth 

in ·this idea, caution must be exercised in its use to promote a particular 

management practice since it is a frequently abused concept. The mature 

forest itself is an essential habitat. 

A body of literature has developed concerning wildlife response to man

created habitat. A good idea of the specificity of wildlife's response is 
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Fig. 6. Recovery of Vegetation Following Various Application Techniques. 
Spraying was done in 1953, and vegetation allowed to recover. Note 
the severe short-term impact which spraying at frequent intervals 
would tend to perpetuate. (From Bramble and Byrnes, 1972.) 

obtainable from the long-term work of Bramble and Byrnes. Once again their 

earlier publications should be consulted for details; however, Table 2 pro-· 

vides the basis for some interesting comparisons. 

Table 2. Number of Times Common Wildlife Species 
or Signs Were Observed on Treatment Areas 
from October 1, 1953 through October 1957 

(Bramble and Byrnes, 1972) 

Treatment Deer Grouse Rabbit Squirrel 

A Unsprayed 83 12 51 6 
B Broadcast D + T 45 8 8 2 
c Semi-basal 62 7 3 6 
D Summer basal 53 5 12 8 
E Winter basal 59 8 25 11 

Turkey 

u 
31 

1 
1 
1 

Within the context of their experiments, there is a very clear species

specific response ranging from deer preferring no spraying to turkeys pre

ferring broadcast sprayed areas.. Nevertheless, herbicide-managed vegetation 

is usually regarded as offering good deer habitat (Krefting and Hansen, 1963). 

There has been some interest in the potential effects of herbicide treat

ment on plant biochemistry resulting in modified toxicity and/or palatability 
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with postulated adverse effects on fauna consuming the vegetation. Although 

Richter (1952) as cited by Pimentel (1973) reported that.rabbits found 2,4-D

treated vegetation less palatable, there is concern that phenoxy herbicide 

application may make some undesirable plants more palatable. Particular 

interest has arisen concerning the possibility of hydrocyanic acid poisoning. 

Apparently there is no marked increase in hydrocyanic acid content of cherry 

specfes after herbicide application (Grigsby and Ball, 1952; Lynn and Barrens, 

1952) while in Indian grass the opposite is true (Swanson and Shaw, 1954). 

There is also the potential for nitrate poisoning due to herbicide treatment 

causing increased levels of nitrate in fnr.Ag~ wpeciQs (Borg and ~1cElroy, 1953; 

Frank and (.;tigsby, 1957). An additional adverse impact on large grazers can 

result from herbicides inhibiting the action of their rumen flora (Kutc:hes ~:.d; ul. 

1970) although the observations of Smith (1973) make this seem less likely. 

Consequently, there appears to be a yet undefined potential for damage to 

herbivores. In the absence of large scale or repeated incidents being re

ported in the literature, it seems likely that if mammalian herbivores are 

adversely affected, such effects are localized and probably do not have a 

long-term effect in the exposed population. Carvell (1973) suggests that the 

possibility of hydrocyanic poisoning is greater in areas cut over than in 

those which have been sprayed. In light of the several mechanisms by which 
\ 

poisoning is possible and because of the large number nf plAnt species which 

may be involved, regulation appears difficult. An assessment of potential 

harm from an herbicide ROW management program must be made on a case-by-base 

basis in light of local vegetation. Willard (1950) suggests keeping stock 

uuc of pasttit'es containing poisonous weens for three to four days after sprayiitg. 

To avoid endangering domestic animals, if a pasture area along a ROW 

is t.:u Lt:! ~vntyed, at a minimum the owner should be notified in advance both of. 

the date of the spraying, and of the nature of the material to be applied. This 

will not only enable the owner to avert potential problems, but will ensure 

his ability to prevent residues in his meat a~d milk products. 

There appears to be little potential danger from direct lethality from 

exposure to the phenoxys or picloram (Tucker and Crabtree, 1970), or from dicamba 

(Pond, 1972) at levels expected from any reasonable spraying program. 



Since the phenoxy herbicides appear to be teratogenic, we must assume 

that wildlife exposed to them could adversely be affected in this manner. In 

fact, work by Lutz-Ostertag and Lutz (1970) indicates that in France, popu

lation of pheasant, red partridge, and gray partridge may be suffering from 

exposure to 2,4-D. In light of the work that has been done on rodents, it 

would be surpris~ng if at least some species of wild rodents were not affect

ed by exposure to sprayed herbicides. Since exposure of wildlife to herbi

cides would be severely limited by a selective application program, the 

further advantage of such a program in avoiding unacceptable impacts is 

again demonstrated. If a truly exceptional situation existed such as an 

endangered species of rodent.occurring in an area, whose life history might 

lead it to frequent or nest along a ROW, serious consideration should be 

given to alternate management techniques. Such a situation will be infre

quently encountered. 

Another area of potential impact that has not received the research 

attention it deserves is the effect of herbicides on insects. This is of 

spec~al interest since herbicides can act synergistically with insecticides 

(Lichenstein et al. 1973). Predator-prey balances may be upset where a 

predator such as the coccinellid beetle is adversely. affect.ed b"y spraying 

(Adams, 1960). Furthermore, several observers such as Palmer-Jones (1964) 

have noted toxic effects on honey bees including population declines in 

sprayed areas. The potential damage to the overall structure of the com

munity is apparent from either of these effects. Fortunately, neither of 

them should occ.ur :i .. f selectlve application techniques are used. 

It appears that incautious application of herbicides may have adverse 

impacts on the fauna, especially when one considers- the possibility of site

specific problems (e.g., Keith et al. 1959). The probability of adverse 

effect and the magnitude of such effect will be far less where broadcast 

techniques are avoided. If the recommendations discussed below are observed, 

in most cases the impacts on the fauna are expected to be unmeasurable. 
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6. ECONOMIC CONSIDERATIONS 

Any method of vegetation control is going to have an associated economic 

cost. Unfortunately, a cost comparison between chemical techniques and manual 

or other techniques is difficult because of the paucity of data. In particu

lar, comparisons more than several years old must be viewed with a jaundiced 

eye for use in contemporary cost-benefit determinations because there has 

1 been disproportionate shift in costs associated with manpower, materials, and 

equipment over the last several years. Vegetation managers are fond of 

,pointing out the site-specific nature of costs as a difficulty in quoting 

r.ost f'.RtimrttPs. 

Care must be shown ifi using those statistics that are available. For 

example, using the Bonneville Power Administration figures given by House 

et aZ. (1967) for 56,000 acres of "brush" under 10,000 miles of ROW treated 

with herbicide at a cost of $35-40/acre in comparison with the $300-500/acre 

for manual treatment is probably of questionable validity for the eastern 

deciduous forest. The Consumers Power ROW figures quoted by House et aZ. 

indicate a clear cost advantage of chemical techniques over combined manual 

and chemical.treatment. The figures offered by Fox At a.7.. (lq7n) for rangQ~ 

land seem to indicate approximately a 10:1 ratio in favor of herbicide 

treatment. The comparison figures offered by the U. S. Forest Service (1973) 

are given in Table 3. 

There is a variety of additional considerations which rrRISt be included 

in a cost-benefit determination of this matter. The ecological and public 

health problems of alternative techniques, which have not been considered in 

this paper, must also be considered. Vegetation type, weather, soil con

ditions, potential for erosion, and other environmental factors must enter 

into consideration both because they modify the cost of management techniques 

and also because the use of a particular management technique will have 

different environmental impacts depending on them. 

It is further necessary to ensure that a valid comparison is made. For 

example, a broadcast foliage treatment would be an inadequate basis of comparison 



Table 3. Cost Comparison of Various Techniquesa 

Method 

Helicopter herbicide spray 

Modified ground spraying 

Hand clearing 

Mowing 

Nonselective herbicide. 

Selective herbicide with 
mowing 

b Individual stem treatment 

a 
U.S. Forest Service (1973). 

Purpose 

Conifer release 
Site preparation 

Treating prepared 
planting sites 

Roadside maintenance 

Roadside maintenance 

Roadside maintenance 

Roadside maintenance 

Cull tree removal 

bThe above document references Worley and Hoyt (1968). 

Cost per Acre 

$5.50-$10.00 

$8.50-$30.00 

$140-$270 

$20 

$30 

$10 

$4.10-$21.7 5 

with manual clearing or selective herbicide application techniques for cost

benefit consideration where it is judged that broadcast spraying will result 

in avoidable and unacceptable environmental damage. 

Nevertheless, it appears that there is a clear economic benefit to the 

use of herbicides as a vegetation management technique. As is discussed 

elsewhere, if adequate precautions are taken in their use, such application 

should not result in unacceptable adverse environmental impacts. 
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7. CONCLUSIONS AND·RECOMMENDATIONS 

The assessment of potential impact of a technology must explore the 

environmental interactions from the broadest possible perspective. Conse

quently, this paper has explored not only the strictly ecological questions, 

but also the problems of man-herbicide interaction--especially the public 

health considerations. The conclusion that is implicit in much of the dis

cussion elsewhere in the text is that herbicides must be regarded as a po

tentially hazardous chemical, arg1,1mente on experimental ciP.Rie;n nntwith.c;;ti1nding. 

This is not to say that the use of herbicides must be banned. Hazardous chem

icals are commonly utilized to take advantage of their special attributes so 

long as the public welfare is protected by the observation of appropriate use 

restrictions. Consequently, a list of recommendations follows whose observa

tion is expected to permit the use of a cheap and effective technology for 

vegetation management without attendant adverse impact to either man or other 

biota. There will be times when the observation of these recommendations 

will be unwise or unneccessary. Herbicide application, like everything else, 

must be considered in its site-specific context. 

In the first place, the greatest potential for harm is the presence of 
,• 

dioxin in some preparations. Since commercial lots with. a dioxin content less 

than 0.05 are available (Edmunds et aZ. 1973), and since there is no benefit. 

to using preparations with a higher dioxin content, it seems to be reasonable 

to recommend that 

The dioxin content of undiluted phenoxy herbicides should be 
no greater than 0.05 ppm. 

·A series of recommendations to insure no off-ROW contamination also is 

desirable. 

Aerial spraying should be avoided except in extreme circumstances. 
When it is employed, helicopters should be used. 

Spray droplets should be greater than 200 ~ for ground spraying. 
Use of thickeners etc. is to be encouraged. Formulations with 
high volatility should be avoided. 



Spraying should not be performed when the wind is greater than 
5 mph, or the temperature greater than 80°F. Spraying should 
not be performed during precipitation or when precipitation is 
likely. 

In the period 1-3 months after spraying, but within the same 
growing season, visual inspection should be made for drift or 
volatilization contamination. and damage of the vegetation off 
the ROW. 

Because of the problems.inherent with persistent herbicides,. 
herbicides which are persi~tent in the environment should be 
avoided. Where they are employed, soil residues should be 
monitored every several years. 

Even given these considerations, it is necessary to further remove the 

possibility of unnecessary direct or indirect human exposure. Therefore, the 

following should be observed. 

No area of intensive human use should be sprayed. 

No spraying should be permitted within 100 feet of a body of" 
water. 

If pastures or other grazing are~s are to be sprayed, the 
owner or lessee should be notified of the spraying operation, 
the nature of the m9teria.l to be used, and potential adverse 
effects to his livestock (e.g. residues in milk affecting 
marketability, etc.) He s:h,ould be informed in sufficient time 
to, n:!move his liv~stock if he desires. 

For many of the above considerations, the overall suggestion can· be 

made that 

B~oadcast spraying is to be avqided except in extreme and 
unusu~l circumstanr.P..c:;. Selective application ic. to be 
preferred even where economic costs are higher. Treatments 
should not be more often than once a year. 

The importance of this recommendation cannot be overemphasized. 

And finally, although the presumption is usually valid that· all .parties 

will act within the framework of the law, it has been our experience. that 
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there are some individuals responsible for vege.tation management decisions 

who do.not even know what is meant by a registered pesticide. Consequently, 

All herbicide use will be in accordance with appropriate local, 
state, and federal requirements. Specifically, all herbicides 
will be used in accordance with their registration. 

Since the new pesticide law provides for certification of professional 

applicators, as soort as the certification procedure is implemented 

All application of herbicides will be peL'fonned by an individual 
professionally certi:tied to do so, or under the immediate supervision 
of such an individual. 

Although much persu~sive information concerning the potential for harm 

from misuse of the phenoxy herbicides exists, in part this may be a reflec

tion of the amount of investigatory attention these substances have received. 

Decisions to substitute an inadequately investigated herbicide for one whose 

known but undesired side effects may be dealt with by intelligent management 

cannot be lightly made. The need for substantive increments to our knowledge 

in this area is both obvious and unfortunate. 

It is my conclusion that the observation of these recommendations strikes 

a balance between economic benefits and environmental costs that should be 

acceptable to society. . ·of the herbicides discussed here, the one most likely 

to be removed as a tool to the vegetation manager is 2,4,5-T, for which 

hearings are scheduled in the spring of 1974. Societal acceptability and 

scientific data will continue to change, as well as the vegetation management 

techniques themselves. Those whose profession is environmental assessment 

must continue to give this area ongoing scrutiny. 



ACKNOWLEDGEMENTS 

The aid and cooperation of the many scientists whom I consulted during 

·the preparation of this paper are gratefully acknowledged. 

Permission was granted by the Dow Chemical Company, Continuing Education 

Publications of the Oregon State System of Higher Education, Oregon State 

·University Press, and the Agricultural Experiment Station of Purdue University 

·for reproduction of .Figures 2, 4, 5, and 6, respectively. 

This manuscript was completed in December, 1973. 

37 

,. 



38 

REFERENCES 

Adams, J. B. 
larvae. 

1960. Effects of spraying 2,4-D amine on coccinellid 
Can. J. Zool. 38:285-288. 

Akesson, N. B., S. E. Wilce, and W. E. Yates. 1971. Confining aerial 
applications to treated fields--a realistic goal. Agrichemical Age. 
11-14. 

Allen, J. R., and 1. A. Carstens. 1967. Light and electron microscopic 
observation in Maaaaa muZatta monkeys fed toxic fat. Am. J. Vet. Res. 
28(1):1513. 

Aly, 0. M., ctnd S.D. Fau~;:;t. 1964, ~·t;udies on the f"nt.A nF 2,.4-D and 
ester derivatives in natural surface waters. Agric. Food Chern. 12(6): 
541-546. 

Andersen, K. J •. , E. G. Leighty, and M. T. Takahashi. 
of herbicides for possible mutagenic p:r:operties. 
20(3):649-656. 

1972. Evaluation 
Agric. Food Chern. 

Anonymous. 1972. TCDD residues disappear. Agricultural Research. Oct. 

Baughman, R., and M. Meselson. 1973. An analytical method for detecting 
dioxin. Paper given at Conf. on Dibenzodioxins and Dibenzofurans, unpub. 

Behrens, R. 1957. Influence of various compounds on the effectiveness 
of 2,4,5-T sprays. Weeds 5:183-186. 

Berg, R. T., and L. W. McElroy. 1953. 
content of forage crops and weeds. 

Effect of 2,4-D on the nitrate 
Can. J. Agric. Sc. 33:354-358. 

Bjorklund, N-E., and K. Erne. 1971. Phenoxy-acid-induced renal changes 
in the chicken. I. Ultrastructure. Acta Vet. Scand. 12:243-256. 

Bovey, R. W., and J. R. Baur. 1972. Persistence of 2,4,5-T in 
grasslands of Texas. · Bull. Env. Cont. and Toxicol. 8(4) :229-233. 

Bovey, R. W., C. C. Dowler, and M. G. Merkle.· 1969. Pesticides in 
soil. The persistence and movement of picloram in Texas and Puerto 
Rican soils. Pest. Monitor. J. 3(3):177-181. 

Bovey, R. W., and C. J. Scifres. 1971. 
picloram in grassland ecosystems. 

Residual characteristics of 
Tex. Agr. Exp. Sta. B-1111. 24 pp. 

Bramble, W. C., and W. R. Byrnes. 1972. A long-term ecological study 
of the game food and cover on a sprayed utility right-of~way. Purdue 
Univ. Agr. Res .. Bull. No. 885. 20 pp. 

Buttery, R. F., T. R. Plumb, and K. D. Weyers. 
information statement. Dow Chemical Co. 

1972. 
43 pp. 

Picloram-background 



.. 

Buu-Hoi, N. P. ,. P-H. Chanh, G. Sesqu~, M. C. Azum-Gelade, and 
G. Saint-Ruf. 1972. Enzymatic functions as targets of the 
toxicity of "dioxin" (2 ,3 ,7 ,8-tetrachlorodibenzo-p,...dioxin). 
Die Naturwissenschaften 59(4):173-174. Organs as targets 
of "dioxin" (2 ,3 ,7 ,8-tetrachlorodibenzo-p-dioxin) intoxication. 
Naturwissenschaften 59(4):174-175. 

Carvell, K. L. 1973. Phase I Report of Edison Electric Institute: 
Environmental effects· of herbicides research project. EEl. 61 pp. 

Cherry, J. H. 1970. Effect of auxin-herbicides on plant and animal 
biochemistry. Hart. Science 5(4):205-207. 

Collins, T. F. X., and C. H. Williams. 
2,4,5-T and 2,4-D in the hamster. 
6(6):559-567. 

1971. Teratogenic studies with 
Bull. Env. Cont. Toxicol 

Courtney, K. D., D. W. Gaylor, M.D. Hogan, H. L. Falk, & .. R. Bates, 
and I. Mitchell. 1970. Teratogenic Evaluation of 2,4,5-T. 
Science 168:864-866. 

Courtney, K. D., and J. A. Moore. 1971. Teratology studies with 
2,4,5-trichlorophenoxyacetic acid and 2,3,7,8-tetrachlorodibenzo-p
dioxin. Toxicology and Appl. Pharmac. 20:396-403. 

Crosby, D. G. , and H'. 0. Tutass. 
dichlorophenoxyacetic acid. 

1966. Photodecomposition of 2,4-
Agric. Food Chem. 14(6) :596-599. 

Crosby, D. G., and A. s. Wong, J. R. Plimmer, and E. A. Woolson. 1971. 
Photodecomposition of chlorinated dibenzo-p-dioxins. Science 1?3: 
748-749. 

Davis, E. A., P. A. Ingebo, and c. P. Pase. 1968. Effect of a· 
watershed treatment with picloram on water quality. U. S. Forest 
Service Research Note RM-100. 4 pp. 

D~vring, L., and M. Sunner. 1971. Cytogenetic effe~ts of 2,4,5-
trichlorophenoxyacetic acid on oogenesis and early embryogenesis in 
Drosophila meZanogaster. Hereditas 68:115-122. 

DeRose, H. R., and A. S. Newman. 1947. The comparison of the 
persistence of certain plant growth-regulators when applied 
to soil. Proc. Soil Sc. Soc. Amer . .72:222-226. 

Drill, v. A., and T. Hirat?.ka. 195.3. Toxicity of 2,4-dichlorophenoxy 
acetic acid and 2,4,5-trichlorophenoxyacetic acid. A report on their 
acute and chronic toxicity in dogs. A.M.A. Arch. Indust. Hyg. Occup. 
Med., ?:61-67 • 

Edmunds, J. w., D. F.· Lee, and C. M. L. Nickels. 1973. Determination 
of 2,3,7,8-tetrachlorodibenzo-1,4-dioxin in 2,4,5-trichlorophenoxyacetic' 
acid and 2,4 ,5-T alkyl ester. herbicides. Pestic. Sci. 4:101-105. 



40 

Egler, F. E •• 1973 •. Bibliography of papers by Frank E. Egler concerning 
right of way vegetation management, herbicides, and society. 
Conn. Conserv. Assoc. 8 pp. 

Emerson, J. L., D. J. Thompson, C. G. Gerbig, and V. B. Robins.on. 1970. 
Teratogenic study of 2,4,5-trichlorophenoxyacetic acid in the rat. 
Toxicology and Appl~ Pharmac. 1?:317. 

Emerson, J. L., D. J. Thompson, R. J. Strebing, C. G. Gerbig, and 
V. B. Robinson. 1971. Teratogenic studies on 2,4,5-trichlorophenoxy
acetic acid in the rat and rabbit. Fd. Cosmet. Toxicol. 9(3):395-404. 

Environmental Protection Agency. 1969. Pesticides and Wildlife 
Dibl.i.og~·aplly. No. 69-0G. Cl!amblee, !;;:i. ·~ pp. 

Environmental Protection Agency. 
Committee on 2,4,5-T to the 
Protection Agency. 76 pp. 

1971. Report of the Advisory 
Administrator of the Environmental 

Evans, J. 0., and D. R. Duseja. 1973. Herbicide contamination of 
sur.face runoff waters. USEPA. EPA-R2-73-266. 99 pp. 

Fletcher, W. W. 1960. The effect of herbicides on soil micro-organisms. 
In Herbicides and the Soil. Ed. E. K. Woodford and G. R. Sager. 
Blackwell. Oxford. 20-62. 

Fox, A. S., R. P. Jenkins, P. A. Andrilenas, J. T. Holstun, Jr.., Ann 
D. L. Klingman. 1~/U. Restricting the use of phenoxy herbicides-
costs to farmers. USDA. 32 pp. 

Frank, P. A., and B. :H. Grigsby. 1957. Effects uf herbicidal sprays 
on nitrate accumulation in certain weed species. Weeds 4:206-217. 

Goldstein, N. P., P. H. Jones, and J. R. Brown. 1959. Peripheral 
neuropathy after expo~ure to an ester of dichlorophenoxyacetic acid. 
J.A.M.A. 1?1(10):1306-1309. 

Goring, C. A. I., J.D. Griffith, F. C. O'Melia, H. H. Scott, and 
c. R. Youngson. 1967. The effect of Tordon on microorganisms and 
soil bio:fogical processes. Down to Earth 22(4) :14-17. 

Grigsby, B. H., and C. D. Ball. 1952. Some effects or llr=rbicida.l sprays 
on the hydrocyanic acid content of leaves of wild black cherry 
(Prunus serotina Ehrh.). Proc. 6th NE Weed Control Conf. 327-330. 

Hall, S. M. 1972. Effects on pregnant rats and their progeny of adequate 
or low protein diets containing 2,4,5-trichlorophenoxyacetic acid 
(2,4,5-T) or p, pi DDT. Fed. Proc. 31:726. 

Hamaker, J. W., C. R. Youngston, and C. A. I. Goring. 1967. Prediction 
· of the persistence in activity of Tordon herbicide in soils under field 

conditions. Down to Earth 23(2):30-36. 



Hammond, A. L., W. D. Metz, T. H. Maugh, II. 1973. Energy and the 
Future. AAAs~ 184 pp. 

House, W. B., L. H. Goodson, H. M. Gadberry, and K. W. Dockter. 1967. 
Assessment of ecological effects of extensive or repeated use of 
herbicides. Midwest Research Inst. 369 pp. 

Ill'i~, A. M. 1961. Concerning the effect of the herbicide 2,4-D on 
soil microorganisms. Microbiology (transl.) 30(1):855-856. 

Johnson, J. E. 1971. The public health implications of widespread use 
of the phenoxy herbicides and picloram. BioScience 21(17):899-905. 

Jones, L. W. 1956. The effects of some pesticides on microbial 
.activities of the soil. Bul~. 390. Utah State Agric. Coll. 17 pp. 

Keith, J. 0., R. M. Hansen, and A. L. Ward. 
abundance and foods of pocket gophers. 

1959. Effect of 2,4-D on 
J. Wildlife Mgt. 23:137-145. 

Khera, K. S., B. L. Huston, and W. P. McKinley. 1971. Pre- and post
natal studies on 2,4,5-T, 2,4-D and derivatives in Wistar rats. 
Toxicol. and Appl. Pharmac. 19:369-370. 

K~yuchnikov, L. Yu., and A. N. Petrova. 1960. Effect of repeated 
a,pplications of herbicides on soil microflora. Mickrobiologiia 
29:238-241. 

Kr~tochvil, D. E. 1950, Effect of several herbicides on soil 
microorganisms. North Central Weed Control Conf. Proc. ? :102-103. 

Krefting, L •. W., and H. C. Hansen. 1963. Use of phytocides to 
improve deer habitat. Southern Weed Conf. Proc. 16:209-216. 

Kutches, A. J., D. C. Church, and F. L. Duryee. 1970. 
~ffects of pesticides on rumen function in vitro. 
18(3):430-433. 

Toxicological 
J. Agr. Food Chern. 

Lange, A., B. Fischer, W. Humphrey, W. Seyman, and~. Baghott. 1968. 
Herbicide residues in California agricultural soils. Calif. Agr. 
22(8) :2-4 .• 

Laning, E. R., and T. W. Holmsen. 1969. Minimizing spray drift of 
herbicides. Ind. Veg. Manag. 1(2):2-5. 

Lenhard, G. 1959. The effect of 2,4-D on certain physiological aspects 
of soil microorganisms. S. Afr. J. Agric. Sci. 2:487-497. 

Lichenstein, E. P., T. T. Liang, and B. N. Anderegg. 1973. Synergism 
of insecticides by herbicides. Science 181;847-849. 

Lutz, J. F., G. E. Byers, and T. J. Sheets. 1973. The persistence and 
movement of picloram and 2,4,5-T in soils. J .. Env. Qual. 2(4):485-488. 

41 



42 

Lutz-Ostertag, Y., and H. Lutz. 1970. Action nefaste de l'herbicide 
2,4-D sur le developpment embryonnaire et la fecondite du gibier a 
plumes. Com pt. Rend. Ser. D. 2 ?1 :2418-2421. 

Lynn, G. E., and K. C. Barrons. 1952. The hydrocyanic acid (HCN) 
content of wild cherry leaves sprayed with a brush killer containing 
low volatile ester of 2,4-D and 2,4,5-T. Proc. 6th NE Weed Control 
Con£. 331-333. 

Menzie, c. M. 1969. Metabolism of Pesticides. Bureau of Sport 
Fisheries Special Scientific Report--Wildlife No. 127. 487 pp. 

Meselson, M. S., A. H. Westing, J. D. Constable, and R. E. Cook. 1970. 
Preliminary report. Herbicide Assessment Commission of the American 
Association for the Advancement of Science. 8 pp. 

Meselson, M. S., A. H. Westing, and J.D. Constable. 1971. Ba9kq6ouna 
material relevant to presentations at the 1970 Annual Meeting of the 
AAAS. Herbicide Assessment Commission of the 'American Association for 
the Advancement of Science. 48 pp. 

Moore, J. A., and K. D. Courtney. 1971. Teratology studies with the 
trichlorophenoxyacid herbicides, 2,4,5-T and Silvex. Teratology 
4(2):236. 

Norris, L. A. 1967. Chemical brush control and herbicide residues in 
the forest environment. In Herbicide and Vegetation Management in Forest 
Ranges and Noncrop Land. Oregon State University. 103-123. 

Norris, L. A. 1968. Stream contamination by herbicides after fall rains 
on forest land. Res. Prog. Rept. West Soc. Weed Sci. 33-34. 

Norris, L. A. 1969. Herbicide runoff from forest lands sprayed in 
summer. Res. Prog. Rept. West Soc. Weed Sci.. 24-26. 

Norris, L. A. 1970. Degradation of herbicides in the forest floor. 
In Tree Growth and Forest Soils. ed. c. T. Youngberg and C. B. Davey. 
Oregon State University Press. pp. 397-411. 

Norris, 1. A.,, H. Gratowski, C. Graham, and W. F. Currier. 1972. 
Report on background information for the phenoxy herbicides 2,4-D, 
2,4,5-T; 2 1 4,5-TP. 165 pp. Published as an inclusion in Forest 
Service Environmental Statements, e.g., EIS-OR-72-5575-D (NTIS). 

Norris, L.A., and D. Greiner. 1967. The degradation of 2,4-D in 
forest litter. Bull. Env .. Cont. Toxicol. 2(2) :65-74. 

Norris, L.A., and D. G. Moore. 1970. The entry and fate of forest 
chemicals in streams. In Forest Land Uses and Stream Environments. 
Oregon State University Press. pp. 138-158. 

N. Y. Dept. Env. Conser. 1971. Article 11 of the Agriculture and 
Markets Law Relating to Pesticides. Circular 863. 26 pp. 



Palmer, J. S., and R. D. Radeleff. 1969. The toxicity of some organic 
herbicides to cattle, sheep, and chickens. USDA. Prod. Res. ·Rept. 
No. 106. 26 pp. 

Palmer-Jones, T. 1964. Effect on honey.bees of 2,4-D. N. Z. J. Agr. 
Res. ? (3 f: 339-342. 

Pimentel, D. 
species. 
220 pp. 

1971. Ecological effects of pesticides on non-target 
Office of Science and Technology. Supt. Docs. GPO 4106-0029. 

Poland, A., and E. Glover. · 1973. 2 ,3., 7 ,8-tetrachlorodibenzo-p-dioxin: 
a potent inducer of o~aminolevulinic acid synthetase. Science 
1? 9 : 4 7·6-4 7 7 . 

Poland, A. P., D. Smith, G. Metter.; and P. Possick. 1971. A health 
survey of worke-rs in a 2 ,4-D and 2,4 ,5-T plant. Arch. Environ. 
Health 22:316-327. 

Pond, F. 1972; Dicamba-background information statement. 27 pp. 
Published as an inclusion in Forest Service Environmental 
Statements, e.g., EIS-OR-72-5575-D (NTIS). 

Rapoport, E. H., and G. Cangioli. 1963. Herbicides and the soil 
fauna. Pedobiologia 2:235-238. 

Reid, C. P. P., and W. Hurtt. 1970. Root exudation of herbicides by 
wo0dy plants: allelopathic implications. Nature 225:291. 

Reimer, C. A., B. C. Byrd, and J. H. Davidson. 1966. An improved 
helicopter system for the aerial application of sprays containing 
Tordon 1.01 mixture particulated with Norbak. Down to Earth 22 (I) :·3-6. 

Roll, R. 1971. 
bei Mausen. 

Untersuchungen iiber die teratogene Wirkung von 2 ,"4 ,5-'T 
Fd. Cosmet. Toxicol. 9(5):671-676. 

Salman, H. A., T. R. Bartley, and .A. R. ·Hattrup. 1972. Progress report 
of residue studies on dicamba .used for ditchbank weed control. Bur. 
Reel. REC-ERC-72-6. 13 pp. 

Sare, W. M. 1972. The weedicide 2,4-D as a cause of headaches and 
diplopia. N. Zeal. Med. J. 37-38. 

Sare, W. M., and P. I. Forbes. 1972. Possible dysmorphogenic effects 
of an agricultural chemical: 2.4.5-T. N. Zeal. Med. J. 37-38. 

Smith, A. E. 1973. Infl,.uence of 2,4-n AruJ 7.,4,5-T on in ~~itPo 
digestion of forage sample~. J. Range Mgt. 26(4):272-274. 

Spatschu, G. L., F. L. Dunn, and V. K. Rowe. 1971. Study of the 
teratogenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin in the rat. 
Fd. Cosmet. Toxicol. 9:405-412. 

43 

·, 



44 

Sterling, T. D. 1971. Difficulty of evaluating the toxicity and 
teratogenicity of 2,4,5-T from existing animal experiments. 
S~ienc~ 1?4:1358-1359. 

Swanson, C. R. and W. C. Shaw. 1954. The effect of 2,4-dichlorophenoxyacetic 
acid on the hydrocyanic acid and nitrate content of Sudan grass. Agron. 
J. 46(9):418-421. 

Thompson, D. J., J. L. Emerson, and G. L. Sparschu. 1971. Study of the 
effects of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) on rat and 
rabbit fetal development. Teratology 4(2):243. 

Trichell, D. W., H. L. Morton, and M. G. Merkel. 1968. Loss of 
herbicides in runoff water. Weed Sci. 16(4):447-449. 

Tu, C. M., and W. B. Bollen. 1969. Effect of Tordon herbicides on 
microbial activities in three Willamette Valle.~l soils. Down to 
Earth 25(2):15-17. 

Tucker R. K., and D. G. Crabtree. 1970. Handbook of toxicity of 
pcat.icids.5 to wildlife. R~:sou.rce public'ation 84. U. S. D. I. 
131 pp. 

U. S. D. I. 1971. Environmental criteria for electric transmission lines. 
52 PP• 

U. S. Forest Service. 1973. The use of herbicides in the Eastern 
Reg.ion. Final Environmental Statement. 195 pp. 

Walker, Jr., E. M., R. H. Gadsden, L. M. Atkins, and G. R. Gale. 1972. 
Some effects of 2,4~D and 2,4,5-T on Ehrlich ascites tumor cells 
in vivo and in·vitro. Ind. Med. Surg. 41(1):22-27. 

Willard. C. J. 1950. Indirect effects of herbicides. N. Cent. Weed Cont. 
Conf. 7:110-112. 

Woolson, E. A., A. L. Young, and J. H. Hunter. 1972. Chemical analysis 
for dioxin and defoliant residues in soil from test area C-52A. 
Eglin Air Force Base, Florida. Proc. Wead Sc. Soc. Amer. 

Worley, D. P. and W. A. Hoyt. 1968. ·Atl economic evaluation of cull-:
tree removal in mixed hardwood stands. USDA Forest Service. NEFES. 

Zimdahl, R. L. 1972. Pesticides--a v~Jue question. Bull. Ent. Sor.. 
Amer. 18(2):109-110. 




