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ABOUT THIS REPORT
This Generic Environmental Impact Report (GEIR) examines the practice
of

vegetation

Massachusetts.

but

also

control

on

utility

and

railroad

rights-of-way

in

The report focuses primarily on the use of herbicides,

describes

other

control

alternatives

such

as

manual

and

mechanical control, as well as the potential for biological control on

rights-of-way.

The topics to be discussed in this report were identified by an informal

survey of interested parties, including environmental groups, railroad

and utility companies,

local and state officials,

and others.

These

individuals and groups were asked to identify issues which they felt

should be addressed in the study.

This process resulted in a broad

range of topics which have been covered in this Generic Environmental

Impact Report.

Since the report had to be completed in four months,

however, not all the topics could be addressed in equal detail.

Most of

the available resources were allocated to the development of a scientific

base of information regarding the toxicity and mobility of fourteen
herbicides

used

rights-of-way.

in

Massachusetts

for

vegetation

control

on

The report is divided in to three sections:

1. The main body presents an overall discussion of the major

topics of this report such as alternative control measures and

descriptions of vegetation control problems.

2. Appendix I presents supplemental information on a variety of
topics.

3. Appendix II
herbicides.

presents

a

literature

review

on

the

fourteen

For each herbicide in Appendix II, the following

information is presented:

Acute and subacute/ subchronic toxicity by oral, dermal, and

intraperitoneal administration ( where data are available), as

well as information on eye and skin irritation;
Special

toxicological

studies,

teratogenicity, and mutagenicity;
-1-

including

carcinogenicity,

Fate

in

soil

and

water,

including

leaching

potential,

dissipation times, run-off potential, and degradation rates;

and

Effects on non-target organisms, including birds, fish, lower

aquatic organisms, bees, and other organisms.

Summary statements about the literature are included in the ma.in body

of the report.

These summaries are purposely brief so that the reader

will not be tempted to rely on them, but rather on the full complement
of information in Appendix II.

Accompanying the summary statements

in the main body of the report are general discussions which interpret
the data presented in Appendix II.

site-specific factors that must be

These discussions also present

incorporated into an analysis

impact.

of

Secondary source material (i.e. , reviews of original studies) was used

whenever

possible

because

preparation of this report.

of

the

limited

time

available

for

the

Secondary source material was found to be

adequate in assessing the acute toxicity of the herbicides, as well as

their impact on non-target organisms.

However,

this material was

found to be uneven in its coverage of important topics concerning the
mobility and persistence of the herbicides;

primary sources (original

chronic

material

studies) were obtained to supplement where necessary.
toxicity,

the

secondary

source

In regard to

was

considered

inadequate and primary sources were used in most instances.

Primary

and secondary sources are identified in the bibliography at the end of
this report.
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OVERVIEW
Public concern is growing about the introduction of chemicals into our
environment.
because

of

Vietnam.

Lately, herbicides have been given particular attention
the

controversy

regarding

the

use

of

Agent

Orange

in

(Agent Orange, named for the color of the storage drums, 1s

a 50:50 mix of butyl esters of 2,4-D and 2,4,5-T and contains a type of
dioxin

that

1s

known

to

cause

serious

health

effects.)

In

Massachusetts, railroad and utility rights-of-way have become the focus
of concern about herbicides despite the fact that herbicides are used
for

many

other

purposes.

Before

presenting

information

regarding

vegetation control on rights-of-way, it is important to understand the
overall picture of herbicides usage in Massachusetts and the significance
of their use on rights-of-way.
In

Massachusetts,

herbicides

are

used in agriculture, on residential

lawns and gardens, on parks and recreational land, golf courses, and
on commercial grounds.
estimated

acreage

herbicides

used

herbicides

in

interviews

with

For each of these uses, Table 1 shows the

treated

with

(as pounds of

each

herbicides,
active

market.

This

distributors,

large

the

total

ingredient),

information
scale

sellers

as

amounts
well

of

as major

was

generated

from

of

herbicides,

lawn

service firms, members of the Cooperative Extension Service, and other
members of the technical support community.
reliable

data

base

regarding

the

quantities

Because of the lack of a
of

herbicides

used

1n

Massachusetts, most estimates are presented as ranges of values.

Agriculture represents the biggest use of herbicides in Massachusetts,
with an estimated 161,000 to 320,000 lbs of herbicide used on 193,000
acres (rate of usage

=

0. 83 to 1.66 lbs/ acre).

Within agriculture, the

production of field corn and cranberries uses the greatest amount of
herbicide.

Another major use of

herbicides is on residential lawns,

where 55,000 to 110,000 lbs of herbicides, usually "home and garden"
formulations, are applied to a total of 160,000 to 210,000 acres (rate of
usage

=

0.26 to 0.69 lbs/acre).

Lastly, herbicides are used on

-3-

TABLE 1
ESTIMATED HERBICIDE USAGE IN MASSACHUSETTS,
SELECTED USE CATEGORIES

Estimated Acreage

Herbicide Usage
(lbs. A.I.)

193,000

161,000-320,000

Field Corn

45,000

90,000-160,000

Atrazine, alachlor,
metolachlor

Sweet Corn

7,500

14,000-30,000

Atrazine, alachlor,
metolachlor

Potatoes

3,500

7,000-20,000

EDTC, endothal

12,000

40,000-80,000

Dichlobenil,
napropmamide

125,000

10,000-30,000

Numerous

160,000-210,000

55,000-110,000

2,4-D
benefin (minor)

100,000-127,000

36,000-70,000

Use Category
Agriculture

Cranberries
Other (Hay, tobacco,
minor vegetables)
Residential Lawns

*

Minicipal and Institutional
Landholdings

**

Parks & Recreation

42,000

Leading Herbicide
Products

6,000-10,000

Dicamba, 2,4-D,
benefin, MCPP, DCPA

Golf Courses

28,000-35,000

18,000-30,000

Dicamba, 2,4-D,
benefin, MCPP, DCPA

Commercial

30,000-50,000

12,000-30,000

Dicamba, 2,4-D,
benefin, MCPP, DCPA

Right-of-Way Use

14,729

100,600

Total Selected Uses
s

not

include

352,600-600,600
garden.

use

which is

-ver.v

small.

oes

n. ot

i n. elude

f'o:re,.i:n<l

1�• .-.<l

c->:r

w.Ri:er.

municipal and institutional land holdings, primarily on golf courses and
commercial grounds.

A total of 36,000 to 70,000 lbs of herbicides are

applied in this category to an estimated area of 100, 000-127,000 acres
(rate of usage = 0.28 to 0.70 lbs/acre).
The

use of herbicides on rights-of-way contributes roughly 17%-29% of

the total use of herbicides in Massachusetts, with an estimated 100,600
lbs applied in 1981 to 14,729 acres

(rate of usage = 6. 83 lbs/acre).

Within

the

the

rights-of-way

category,

contributions

utility, and highway rights-of-way are shown in Table 2.

from

railroad,

Railroads use

the most herbicides in terms of pounds of active ingredient (49,100 lbs
used by railroads in 1981 as compared to 35,000 lbs and 32,400 lbs for
utilities and highways, respectively.

The rate of use is highest on

railroad yard and line maintenance (12.8 lbs/acre)

and lowest on rail

road brushwork ( 3.5 lbs/acre).
All data, except that provided by one utility company, are for 1981.
That year was considered to be more representative than recent years
because of the supension of treatment in certain areas pending reso
lution of regulatory questions (see Appendix I, Chapter I).
This report focuses on railroad and utility rights-of-way, since the use
of herbicides on highways has decreased considerably in the last few
years due to budget constraints.

Information from the Massachusetts

Public

that

Works

Department indicates

herbicide

use

(in

pounds

active ingredient) decreased by about 40% from 1981 to 1982.

of

At the

same time, the percentage of roadway treated with herbicide decreased
from about 4.2% to about 1.8%.

(The rate of usage, however, increased

from 5.96 to 8.39 lbs/acre.)

The purpose of

vegetation

control

on

highways is to aid in snow removal, reduce snow drift, reduce mainte
nance costs in ditches and shoulders (including the need to keep guard
rails clear), control poison ivy, and increase the safety of motorists.
Table 3 shows the herbicides used for state highway maintenance in
1981 and 1982.

In both of those years, about 6400 acres were main

tained by mowing.

Additional information about the vegetation control

on highways is provided later in this report (see Information Requested
by Reviewers) •
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TABLE 2
COMPARISON OF HERBICIDE USAGE BY TYPE OF RIGHT OF WAY (1981 DATA)

Tyee of Right-of-Way
Railroad

Pounds of
Herbicides

Acres
Treated

49,100

3845*

lbs/acre

Contribution to total
herbicide use in Mass.

12.76

8-14%

(yard, branch,
and main line)
3.5
(brushwork)
Utility

35,000

8120

Highway

16,500

2764

100,600

14,729

Total

* Includes 120 acres of Amtrak line

4.3
5.96

6.83

6-10%
3-5%

TABLE 3
HERBICIDES USED ON MASSACHUSETTS DEPARTMENT OF
PUBLIC WORKS HIGHWAYS
1981
Amount

Herbicide

lb

1584

1717

lb

394

286 lb

384

231 lb

310

lb

127

2789

lb

110

399 lb

388

103

lb

100

�

118 lb

41

147

lb

51

�

Aminotriazole

6905

®

Kr�n1te
.

3207

®
®

Weedone 170
(2,4-D and
2,4-DP)
®

Spike
( tebuthiuron)
®

Fenavar

Acreage

lb

lb

Dowpon M
(dalapon)

Amount
4694

5425

®

Acreage
207

Karmex® ( diuron)
Fenavar
(aminotriazole,
bromacil, and
fenac)

1982
180

�

�

�

�
�

95

lb

25

10

lb

3

41

lb

8

80

lb

16

2764

Total acres

1164

Total Acreage = 65,000 (approximate).
Historical Practices on Railroad and Utility Rights-of-Way
The most significant event in the history of vegetation control on
rights-of-way has been the development of herbicides.
Although
herbicides had been around since 1850, they did not become commonly
used until the mid-1940's when 2,4-D was discovered, initially as a
plant growth stimulant and then as an herbicide. In 1948, another
phenoxy compound, 2, 4,5-T, was introduced and immediately found
extensive use along rights-of-way because it was more effective against
-7-

,I

woody plants than 2 , 4-D.

After these two chemicals came onto the

market, a large number of additional herbicides were developed.
1950 there were 15 herbicide active ingredients on the market.
there

were

180

formulations.

herbicide

active

ingredients

available

By

By 1980

in

6000

On railroad rights-of-way, a variety of methods were used before the
These included

introduction of herbicides in the 1940's.

-

application of waste oil to the ballast area

heavy applications of salt

controlled burns 3 to 4 times a year
applications of arsenical compounds

After 1950, however, herbicides quickly became the primary means of

control

in

railroad

yards,

and

on

branch

and

main

lines.

In

Massachusetts, brush control along the sides of the railroad continued

to be done manually until the early l 970's, when herbicides became the
preferred alternative.

On utility rights-of-way, vegetation was controlled manually before the

1940' s.

Undesirable vegetation was cut with axes and brush-axes on an

average of every three years.

The workers who performed the cutting

came from Quebec, Canada, and lived on the rights-of-way in tents or
trailers during the cutting season.

Chainsaws and brush-saws began to

be used on the rights-of-way in the late 1940's.

At the same time that

herbicides were introduced, the availability of the Canadian woodcutters

decreased as the economy of Quebec improved and immigration laws
became stricter.
began

around

The conversion from

1955,

at

which

time

cutting to herbicide control

spraying

was

done

mostly

by

hydraulic sprayers mounted on four-wheel-drive trucks or all-terrain

tractors.

Helicopters were used in some areas of difficult terrain in the

western part of Massachusetts.
foliar

In the early 1960' s selective basal and

treatments (explained below) began to be the primary treatment

methods.

Helicopters were last utilized in 1971.
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Vegetation Control Problems on Rights-of-Way
Utility

and

railroad

rights-of-way

present

considerably

different

vegetation control problems, and different approaches are used to solve

those

problems.

On

utility

rights-of-way,

only

a

subset

of

the

vegetation needs to be removed, namely trees and woody growth around
structures.

Trees must be removed because they can fall into lines or

cause "flashovers 11 or

II

arcing" between the trees and the line, causing

breakage or short circuits.

The allowable potential heights of trees

varies according to the heights of conductors, allowing for sag under

ice-laden conditions.

Allowable heights are 10 feet for 345 kV lines, 8

cause

Vegetation

feet for 115 kV lines, and 20 feet for side strips (where tree falls could
a

problem).

control

on

utility

rights-of-way

is

therefore selective, attempting to eliminate . trees whose potential height

is above acceptable levels, and preserving vegetation whose potential

height is below this level.

Around structures and on access roads,

target vegetation includes all woody vegetation that may hinder routine

inspection and maintenance of the line.

In these areas,

growth is limited to herbaceous species.

non-target

A different situation exists on railroad rights-of-way where the goal is

to eliminate all vegetation in train yards and on branch lines and main
lines.

If allowed to become established on the right-of-way, vegetation

could increase the amount of organic matter under and around the
track,

resulting

in

water

retention,

increased rate of decay of wooden ties.

drainage

problems,

and

an

The requirement to maintain a

vegetation-free area, or even to severely restrict vegetation, demands a

different approach to vegetation control than that practiced on utility
rights-of-way.

There is no possibility of selectively treating desirable

and undesirable vegetation.

A number of different active ingredients

are generally used in combination so that the maximum number of target
species

can

be

eliminated.

involve usually only one,

(On

utility

sometimes two,

rights-of-way,

applications

active ingredients).

The

mixtures of different herbicides are applied evenly over the lines and

yards, rather than applied on certain plants.
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"Brushwork" on railroad rights-of-way, on the other hand, is similar in

many

ways

to

the

control

of

vegetation

on

utility

rights-of-way.

Brushwork involves the control of woody vegetation adjacent to the
ballast.

The width of the brush control area depends on the location

and height of potentially dangerous trees, but is commonly 20 to 25
feet.

The purpose of this activity is to maintain visibility and prevent

the disruption of communication lines.

treatment of

tall-growing and

the

Brushwork involves the selective

encouragement

growing shrubs and herbaceous growth.
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of

desirable low

THE HERBICIDE ALTERNATIVE
The following -section discusses the use of herbicides on railroad and
utility

rights-of-way.

It

describes

current

practices,

and

introduces the individual chemicals that are commonly used.

then

Most of

this section is devoted to a discussion of the toxicity and mobility of
these herbicides and ways to minimize their impact.

CURRENT PRACTICES
Railroad Rights-of-Way

Herbicides are applied to lines and yards by means of a high-rail
The vehicle moves

vehicle which can move both· on and off the track.

10 to 15 miles per hour and sprays herbicides from lateral arms located

12-18 inches off the ground.

The nozzles are spaced 20-24 inches

apart and have typical flow rates of 2-3 gallons/minute at 40 pounds

per

square

inch

pressure.

herbicides are used.

Both

pre-emergent

and

post-emergent

Pre-emergent herbicides, such as metolachlor, are

ones that are applied before the weeds emerge.

On rights-of-way in

Massachusetts they are applied in April and early May.

Post-emergent

herbicides, such as 2,4-D, are ones that are applied after the weeds
emerge.

On rights-of-way in Massachusetts post-emergent herbicides

are applied in June and July.

Different types of lines (e.g., main

lines vs. branch lines, branch lines with and without ballast, etc.)

receive different treatments, either pre- or post- emergent, or both.

Since it prevents any vegetation from emerging, pre-emergent treatment
is used where control of vegetation is particularly important--in yards

where slippage would endanger yard workers, for example.
®

Typical herbicides used on railroad yards are Atratol
®

Karmex

(diuron).

Branch lines may be treated with these herbicides

or with 2,4-D, diquat, ametryn, or Banvel 720
dicamba and 2,4-D).

(atrazine), and

®

(a combination of

Usually three or four of these products are mixed

together and applied with a water solvent.
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The total amount of applied

material is on the order of 40 gallons/acre; the number of pounds of
active ingredient per acre varies with the particular combination of

products used.

acres/ mile).

(A double track 35 feet wide equals roughly 4. 25

Applications in yards and on branch and main lines are

made every year.

In brushwork, the high-rail vehicle is equipped with nozzles (at the

end of lateral arms) designed to limit the drift of the material to the
edge of the right-of-way.
brush control is

Roundup

In Massachusetts, a typical mixture used in

®

(triclopyr) mixed with water.

(glyphosate) combined with

Garlon

utility

variety

Twenty-five gallons of mixed material is

used per acre.

Utility Rights-of-Way
Herbicides

are

applied

application techniques:

to

3A®

rights-of-way

by

a

of

Basal spraying is the application of herbicide, usually in an oil carrier,

to the root collar, exposed roots, and the lower 18 inches of the trunk.

The material is released as a directed spray of a large droplet size.

Basal spraying can be done year round

backpack or hydraulic sprayer.

(except in deep snow) by

Foliar spraying is the application of herbicide,

carrier, to the leaf surfaces of the entire plant.

usually in a water
In order to assure

maximum coverage the material is often released in a
droplet size.

II

mist II of small

Larger droplet sizes are also effective, however, and

thickeners that increase the droplet size are often added.

Surfactants

may also be added since they increase the spread of the material on
the leaf surface.

Foliar applications are limited to summer months,

along with late spring and early fall, and can be done with a backpack
or hydraulic unit.

Cut stump treatment is the application of the herbicide to the cut

surface of a stump, and sometimes the root collar and exposed roots.
In

Massachusetts,

a

sponge

applicator
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has

been

developed

which

effectively controls the amount of herbicide released. Stump treatments
are not feasible when there is deep snow cover or when there is sig

nificant sap flow from the stump in late winter/ early spring.

Dormant stern spraying 1s the application of the herbicide to all exposed
wood when the foliage is absent from the plant. The root collar and all
stems are thoroughly drenched. An oil carrier is used to increase bark

penetration.

Dry herbicide application involves the application of herbicide in the

form of pellets, granules, or beads to the soil surface near undesirable
species. Rainfall moves the herbicide through the soil where it can be
taken .up by plant roots.

Other techniques not commonly used

in Massachusetts include frilling,

in which dry herbicides are placed in shallow V-shaped cuts in the
bark, and tree injection, in which herbicide material is injected into the
cambium layer with a device that wounds the tree and inserts the
herbicide in one operation.

The herbicides used on utility rights-of-way differ considerably among
utilities.
In 1981, for instance, New England Power Cornpa?y and
Massachusetts Electric Company used primarily Krenite®, as well as
®

®

mixtures of picloram and 2,4-D (Tordon 101 , Tordon RTU ), along

with a mixture of Tordon 101

®

®

and Garlon 3A (triclopyr). Northeast
®
Utilities, on the other hand, used Arnmate XNI (ammonium sulfa mate),
®

®

in water, Krenite (fosamine ammonium) in water, Garlon 4 (triclopyr)
®
in kerosene, and Banvel CST (dicarnba) without dilution as a stump
treatrnent.
HERBICIDES COVERED IN THIS REPORT
After consultation with applicators, utilities, and railroad companies,
fourteen herbicides were found to be important in the control of
vegetation on rights-of-way in Massachusetts.
briefly introduces these herbicides.
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The following information

Aminotriazole is a post-emergent,

water that
weeks.

non-selective herbicide mixed with

slowly inhibits chlorophyll

formation

over two to three

Ammate® is a post-emergent herbicide mixed with water that kills plants

on contact or after translocation within the plant.

Atrazine is a selective, pre-emergent and early post-emergent herbicide

mixed with water that inhibits photosynthesis.

Bromacil is a pre- and post-emergent herbicide mixed with water that

inhibits photosynthesis.

2, 4-D is a post-emergent, selective herbicide usually mixed with water,

although oil-soluble formulations and granules are sold.

kills plants by causing them to grow too quickly.

This herbicide

Dicamba is a pre- and post-emergent, selective herbicide mixed with

water or used as granules.

It kills plants as they germinate by

interfering with protein synthesis.

Diquat is a post-emergent, selective herbicide mixed with water that

inhibits photosynthesis and also acts as a plant dessicant.

Duiron is a pre- and post-emergent non-selective herbicide mixed with

water that inhibits photosynthesis.

Glyphosate is a post-emergent, broad-spectrum herbicide mixed in water

that blocks cell metabolism by inhibiting synthesis of aromatic amino
acids.

Krenite® is a post-emergent growth regulator mixed with water which

inhibits the normal development of leaf buds.

Metolachlor is a pre-emergent selective herbicide mixed with water that

inhibits the growth of seedlings.
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Picloram is a

post-emergent,

selective herbicide that can be used
®

undiluted, as pellets, or, when combined with 2,4-D as Tordon 101 ,
mixed with water.

The herbicide disrupts the formation of a number of

plant tissues.

Tebuthiuron is a pre-emergent, non-selective herbicide, applied dry or

as pellets, which must later be washed into the soil by rain and taken

up by the roots.

Triclopyr is a post-emergent, selective herbicide mixed with water that

disrupts the formation of a number of plant tissues.

EFFECTS OF HERBICIDES ON PUBLIC HEALTH
The

potential

hazard

to

humans

from

the

use

of

herbicides

on

rights-of-way is a function of ( 1) the amount of harm the herbicide

causes in the body (toxicity), and (2) the amount of herbicide that
reaches the body (exposure).

The first part of this section describes

the potential toxic effects of the herbicides and the types of toxicity
tests discussed for each herbicide in Appendix II.

The second section

is a general discussion of the potential routes by which humans may be
exposed to herbicides used on rights-of-way.

Finally, this section

summarizes the information presented in Appendix II regarding the

toxicity of the individual herbicides.
Toxicity

The term toxicity

refers to any deleterious effect produced by a

chemical or physical agent on a biological system.
can

be

divided

into

four

chronic, and special studies.

general

categories:

Toxicological data

acute,

subchronic,

Since special studies are often the most

critical and controversial, this discussion begins with an overview of
carcinogenicity, mutagenicity, and teratogenicity.
Carcinogenicity

Cancer is characterized by the unrestrained growth of

daughter cells from an original target cell.
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This target cell is assumed

to have been modified by one or more events in which the DNA and/ or

other cellular regulatory
cellular

and

biochemical

mechanisms
events

were

altered.

leading

to

tumor

progression to malignancy are not clearly understood.

Details

of

the

formation

and

The growth and

spread of cancer has been shown to depend in part on host factors
such as hormonal and immunological status and genetic background, as
well as a variety of modifying factors such as lifestyle (diet, tobacco

use, alcohol, stress) •

Three major types of information can be used to identify agents that

may pose a carcinogenic hazard to humans.

They are:

epidemiologic evidence derived from studies of exposed human
populations;

experimental data from long-term tests in animals, and

supportive evidence derived from short-term tests whose results

correlate well with in vivo carcinogenic activity.
Human

data

provide

the

most

carcinogenic effects of an agent.

secure

basis

for

evaluating

the

However, in regard to the herbicides

covered in this report, epidemiologic studies are limited by imprecise

data on exposure.

A major source of this imprecision is the long and

variable latency period
human

exposure

drawback

is

populations.
In

the

and

the

absence

(ranging for 2 to 40 years)

clinical

necessarily

of

suitable

manifestations

limited

human

size

data,

of

and

animal

between initial

cancer.

availability

tests

Another

of

( with

test

their

associated extrapolation uncertainties) are utilized to provide the best

information available to assess carcinogenic risk to humans.

Typically,

substance

route

both sexes of a species (usually a rat or a mouse) are used; the test
is

administered

continually

by

the

selected

of

administration from weaning through the major portion of the animal's
life or until death.

The amounts of material administered are often the

maximally tolerated dose and half that amount.
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Evidence

of

carcinogenic

activity

for

the

herbicide

or

substance can be demonstrated in one of three ways:

other

test

1. By induction of a tumor type not usually observed in the test
species;

2. By induction of an increased number of a tumor type normally
seen; or

3. By the appearance of tumors at a time earlier than would
The

otherwise be expected.

uncertainties

in

carcinogenic hazard

to

employing
humans

animal

are

tests

to

numerous.

Some

determine
of

the

the

more

important factors are species differences, genetic variability, metabolic

capabilities, body weight, lifespan, and DNA repair capabilities.
studies are also

often

performed at high doses

Animal

to ensure that a

statistically significant incidence of tumors is produced in the relatively
small population of test animals usually used in such tests.

These

results must be extrapolated to much lower exposure levels typical of

human situations.
Short-term

tests,

transformation

in

which

measure

cultured

supportive information.

the

mammalian

induction
cells,

of

can

neoplastic

provide

cell

useful

(Neoplastic growth is new tissue growth that

serves no physiologic function.)

These tests are rapid, less costly,

and require significantly less sample than whole animal testing.

On the

other hand, they are imprecise because they do not completely mimic
whole body reactions.

Transformation assays involve the treatment of

cultured mammalian cells with materials to see if they convert the cells

to a pattern of unrestricted growth.

Results accumulated to date show

a good correlation between transformation response in cell culture and

carginogenicity in whole animal studies.

The major disadvantage of

these tests is the lack of reliable metabolic activation systems.

factor

is

important

because

many

known

carcinogens

exert

This

their

influence in humans and experimental animals after metabolic conversion
in the body to the active form.
Mutagenicity

A mutation can be defined as any heritable change in the

genetic material of a cell or organism.
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The health consequences of

It 1s

deleterious mutation 1n human populations is poorly understood.
commonly believed,
human health.

however,

Among

the

that mutations are invariably harmful to
possible

sequelae

of

a

mutation

are

cell

. death, altered structure and/ or function, or no overt immediate effect
(should the mutation be unexpressed by virtue of its recessive nature).
An agent constitutes a genetic risk to future generations only if its
mutagenic potential is realized in germ cells

(i.e.,

eggs or sperm).

Somatic (non-germ cell) effects are also important in that they may lead
to cancer, terata, or aging phenomena in an individual, but the risk to
society is less since that effect is not transmitted to future generations.
The

current

provide
These

the
are

consensus
highest
the

among

degree

mouse

specific-locus test,

geneticists

1s

that

confidence

in

assessing

of

heritable

translocation

in this report have
results

in

these

reached the

been

tests

germ

are

cells

examined

and

these

indicators

affected

systems

mutagenicity.
the

mouse

and the mouse in

Many of the herbicides covered

in

reliable

test

test,

the rodent dominant-lethal test,

vivo somatic mutation test or spot test.

four

test
that

systems.
the

their genetic

Positive

mutagen

has

constitution in a

manner that can be detected in resulting progeny.
Positive

findings

non-heritable

in

one

genetic

tests

or
may

more
be

of

the

remaining

indicative

of

the

battery

of

possibility

of

heritable effects, but they do not constitute definitive evidence that a
substance poses a hazard to humans.

For instance, the significance of

positive findings in in vitro cytogenetic tests is questionable due to the
lack

of

repair

mechanisms,

present in a whole

metabolic

animal system.

processes,

etc.

that

would

be

Results in bacterial systems are

even further removed from the human exposure scenario.

Differences

in

blue-green

the

organization

of

DNA in

prokaryotic

(bacteria

and

algae) and eukaryotic (animals) organisms make it necessary to test for
mutagenic capability in both systems.
Table 4 contains a list of mutagenicity tests currently in use.
are

in

rough

order

of

decreasing

value

results for germ cell mutagenesis in vivo.

with

respect

to

predicting

The list is by no means all

inclusive, but includes most of the tests reviewed in Appendix II.
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They

TABLE 4
MUT AGENICITY TESTS (IN ORDER OF DECREASING VALUE)

Test System

Comments

Mouse Heritable Translocation

Directly measures inherited chromo
somal damage in a mammal. Detects
reciprocal translocations (the shift
of a portion of a chromosome to
another
part
of
the
same
chromosome or to another chromo
some).
reciprocal
These
translocations are of concern be
cause offspring of carriers have a
of
inheriting
high
probability
aneuploid genomes that can result
in death and/ or major defects.
(aneuploid = an organism whose
somatic nuclei do not contain an
exact multiple of the number of
chromosomes).
Mutant F
animals
1
are detected by deviations from
normal fertility or by cytologically
detected chromosome aberrations.

Mouse Specific-Locus

The only established test that
directly measures inherited point
mutations (affecting only one or a
few DNA base pairs in a gene) in a
mammal.
Mutant F
animals are
1
generally scored on the basis of
a
detectable
phenotype
(i.e.,
expression of a mutation).

Mouse Dominant Lethal

Scores all genetic events that cause
the deaths of offspring as early or
mid-term embryos.
Since mutants
are dead they cannot be genetically
tested, but this test is a signal
that other types of chromosomal
damage are also being induced.

Mouse In Vivo Somatic Mutation
(spot test)

Detects expression of recessive coat
genes
for
melanocyte
-color
precursor cell of a midgestation
embryo.
The test 1s significant
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because it is an in vivo mammalian
test capable of detecting both gene
mutations and various kinds of
chromosomal damage and because it
provides evidence that heritable
genetic alterations may be induced.
In Vivo Mammalian Cytogenetic

Measures chromosomal aberrations
(structural or numerical).
The
majority of spontaneous abortions in
are
associated
with
humans
chromosomal aberrations.

Sister-Chromatid Exchange

A reciprocal exchange of segments
between sister chromatids of a
chromosome.
Significance to hu
mans is not known.

In Vitro Mammalian Cytogenetic

Measures chromosomal
induced in culture.

Drosophila Sex-linked Recessive
Lethal

Detects mutations on X chromosome
('v20% of entire genome).

Yeast Mitotic Recombination

Detects genetic damage brought
about by agents interfering with
the function of the spindle-fibre
apparatus.
The target molecules
are specific proteins rather than
DNA.

Bacterial Reverse Mutation, and
DNA Repair

These tests such as the bacterial
Ames/ Salmonella test and the E. coli
vanous
detect
reversion
test,
change in prokaryotic chromosomal
material.

aberrations

--
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Teratogenicity

Another category of

assessment of hazard is teratology.

tests

which are critical to the

Teratology is broadly defined as

the study of malformations of the newborn that occur as a result of an
adverse

effect

on

the

developing

fetus.

The

detailed

mechanisms of teratogenesis are not well understood.

biological

Such factors as

nutritional status, age of the mother, placental variations, metabolic

differences, dose, and route and time of gestation at which a fetus is
exposed may all influence the potential teratogenicity of a chemical in a

particular species.
A

number of

terms are used to describe adverse effects

developing conceptus.
on

an

11

embryo

on

the

Embryotoxicity" can be defined as toxic effects

during

differentiation

and

organogenesis.

"Teratogenicity" is one type of embryotoxic effect that occurs during

the formation of major organs and physical structures, and results in a
malformation of one or more organs or structures.

adverse

effect

that

occurs

after

major organs

"Fetotoxicity" is an

and

structures

are

formed, and results in a toxic or degenerative effect on those organs or
structures.

Additionally, the severity of effect is generally considered

to be in the decreasing order of embryotoxic, teratogenic, and fetotoxic

effects.

Fetotoxic effects (e.g., slow growth and low birthweight) are

often reversible.

physical structures

Confusion arises when minor effects on organs or
(minor teratogenic effects) are considered to be

fetotoxic because they do not affect the survival of the organism.

Tests for teratogenicity generally involve the administration of the

chemical

to

pregnant

rats

or

mice

during

teratogenic effect ( days 6 to 15 in rats).

the

critical

days

for

Test protocols should (but

sometimes do not) include a histological examination as well as an
observation of visible, easily measured signs of viability.

Egg injection studies have been used to assess the teratogenicity of a

number of herbicides discussed in Appendix II.

In these tests, the

chemical is injected directly into chick eggs, and the effects are noted
on the percentage of eggs that hatch.
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These tests, however, have

limited relevance to human teratogenic effects because of the absence of
anatomical and physiological maternal-fetal relationship.
Other

Toxicity

Studies

Aside

from

the

three

special

study

areas

discussed above, two other types of toxicity studies are also vital to
the assessment of hazard;
Chronic

toxicity

studies

namely,

chronic

and acute toxicity tests.

generally

involve

the

administration

of

a

compound for a substantial portion of the lifetime of the test animal.
Such studies are designed to detect the lowest concentration that causes
no

apparent

effect.

They

also

detect

effects

on

survival,

growth,

functional integrity of body organs, and reproductive capacity.
The next level of toxicological study is a subchronic or subacute test,
which involves administration of the test chemical on multiple occasions.
Experiments are generally conducted for 90 days with rats and mice,
and

for

six

subchronic

months

studies

to
are

one

year

typically

concentrations than chronic studies.

with

dogs.

conducted

at

These
higher

short-term
exposure

Pathological changes may thus be

more clear-cut because they occur more quickly with the higher doses
and because they are not obscured by other chronic changes, such as
aging.
Acute toxicity studies provide information on the effect (s) of a single
exposure.

Acute toxicity is generally measured by the median lethal

) or median lethal concentration (LC ); i.e., the dose or
50
50
concentration that will kill 50 percent of the test population under
dose

(LD

stated conditions.

Lethality provides a standard of comparison among

many substances whose mechanism and sites of action may be markedly
value has general acceptance as an early warning
50
about potential adverse effects, but it is only roughly indicative, if at
different.

The Lc

all, of the effects of chronic exposure to small amounts of a chemical.
Acute toxicity studies also include tests to determine local effects of
chemicals when applied directly, e.g., to the skin and eyes.
types

of

local

sensitization.

effects

than

can

occur

are irritation,

The major

corrosion,

and

An irritant effect is a reversible effect, while corrosion
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causes visible destruction and irreversible alteration in the tissue at the
site of contact.

Sensitization involves an immunologic mechanism.

Exposure

There are three primary ways in which the human body can be exposed

to chemicals:

ingestion, dermal absorption, and inhalation.

Tables 5

on, adjacent

to, or

Since

ranks the relative importance of these three routes to groups of people
at

a

distance

from

rights-of-way.

no

quantitative information was found on the exposure levels of herbicides

to any of these groups

of

people, the

entries

in this

table are

qualitative judgments based on likely pathways of movement of the

herbicides.

Ingestion As shown in Table 5, ingestion of herbicides can occur in a

number of ways:
0

Ingestion of contaminated water from nearby wells or surface
waters used for drinking water (discussed in the next section).

0

Ingestion

of

rights-of-way.

0

residues

on

food

grown

adjacent

to

or

on

Ingestion of berries or mushrooms along the right-of-way.

Residues on berries may be a significant route of exposure, depending

on the stage of development of the fruit and the length of time after
spraying that the berries are consumed. Frank et al. (1983) measured

the residues of 2 ,4-D on raspberries, blueberries, and strawberries,
after a broadcast application of O. 8-6. 0 kg /ha of 2, 4-D on rights-of-way
and

other sites.

spraying

sprayed

occurred

on

the

On

red

during

immature

raspberries, residues

the

flowering

raspberries,

season.

residues

ultimately found when the berries were ripe.
treated, residues
treatment.

3.3 ppm.

of

2. 6 to 31

were negligible if
When

of

0. 2

2,4-D
ppm

was

were

When ripe fruit was

ppm were found

immediately after

Over a 2- to 5-week period these levels dropped to O.1 and
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TABLE 5
POTENTIAL EXPOSURE TO HERBICIDES FROM RIGHTS-OF-WAY APPLICATIONS

Route
GrouE
On the right-of-way
Applicators

Others
Berry or mushroom pickers
Hikers; others moving through
right-of-way

Adjacent to the right-of-way
Residents

Other activities (e.g., playground)

Far from right-of-way
Connected hydrologically via public
water supply

Ingestion

Inhalation

Dermal

*

***

***

(after
dermal
contact)

**
*

* (from

**

* (from

**

volatiles)

(after
dermal
contact)

volatiles)

* (from

** (very low
concentra
tions)

*

* (from garden

**

*

gardens)

berries)

* or **
(depends on
herbicide)

0

(very low
concentra
tions)

* or **
(from bathing)

TABLE 5 (CONTINUED)
POTENTIAL EXPOSURE TO HERBICIDES FROM RIGHTS-OF-WAY APPLICATIONS
Route
Ingestion

Inhalation

Dermal

Connected hydrologically but not via
public water supply

0

0

* or **
(from swimming)

Not connected hydrologically

0

0

0

Grou_e

***
**
*
0

=
=
=
=

probable under most conditions
probable under certain conditions
possible (but not likely)
conceivable, but highly unlikely to result in detectable
exposure
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On

blueberries,

residues

ranged

between

0. 84

and

10.7

ppm,

independent of ripeness of fruit or length of time after spraying (up to

37 days).

On ripe strawberries, residues were 10.1 and 5. 49 ppm in

two different sites, respectively.

On the strawberries with residues of

5.49 ppm, a rapid decline in residues was observed over a 4-day period
(to 0. 03 ppm).

On the strawberries with residues of 10.1 ppm,

residues declined slowly to 6. 9 ppm.

measured in strawberries.

Picloram residues were also

Ater 4 days, residues decreased from 0. 23

ppm to non-detectable levels.

No data were found on the residues of herbicides that may be expected

on mushrooms in rights-of-way.

It is possible that residues absorbed

by fungal filaments in the soil could be translocated to mushrooms.

Alternatively, herbicides may be absorbed by the small primordium when

it expands after a rainfall to form the recognizable mushroom.
literature reviewed in

accumulate in fungi.

Appendix

The

II indicates picloram and atrazine

However, no information was found on particular

species or residue concentrations·.

As an interesting note, one mushroom (Lepomis lentinus) is commonly

found along railroad rights-of-way and is called the

mushroom, 11 having a reputation for causing derailments.

"trainwrecker

This is an

edible but tough, woody mushroom that requires extensive cooking to

soften its tissue (Miller, 1972), a practice that is also likely to reduce

any herbicide residues.

Dermal contact
with the herbicide by applicators may be the most
:rtr ...
�--

ii -

significant

available.

route

of

exposure.

Unfortunately,

no

estimates

are

To determine the amount of exposure, estimates must be

made of the amount that reaches the skin and the amount that is

absorbed through the skin.
on

1. The

amounts

in

The amount that reaches the skin depends

the

air,

on

leaf

surfaces,

on

application

equipment, and on other surfaces to which the applicator comes

to contact;
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2. The amount of contact the applicator has with unmixed material
during pouring, mixing, opening bags, etc;

3. The applicator's clothing,
affords; and

1.e.,

the degree of protection it

4. The extent of the body, and which parts of the body, come into
contact with the herbicide.

Skin uptake or absorption through the skin is estimated by knowing:
1. The duration and frequency of contact with the herbicide;

2. the area, location, and integrity of the skin exposed; and

3. the physical and chemical properties of the particular herbicide.

In regard to this last factor, the most important information appears to

be the rate of diffusion of the herbicide through the stratum corneum

layer of the skin.

Such rates are not known for most chemicals, but

estimates can be made by knowing the permeability coefficient of the

skin and the partition coefficient of the herbicide between skin and
water (often the octanol/water partition coefficient is used, but this

method has yet to be validated).

Dermal contact can also be a route of exposure for other persons on the

right-of-way.

Hikers, berry pickers, birders, and others will have

varying amounts of dermal exposure depending on the above factors, as
well as on the length of time since the last application.

Weather

factors, particularly rainfall, will also be important, as well as the rates

of photodegradation and volatilization of the individual herbicides.
Inhalation

Inhalation of herbicide droplets and vaporized molecules is

likely to be a route of exposure for applicators and, possibly, to those

adjacent

to

rights-of-way.

One

of

the

primary

factors

1n

the

determining the significance of inhalation exposure is the size of the

herbicide droplet and the amount of the herbicide that is in vapor form
(volitilized).

Droplet size is determined primarily by the size and the

shape of the nozzle orifice as well as by the pressure under which the

herbicide is released.
considered to be

the air.

II

Larger droplets

( >500 microns) are generally

drift safe, 11 since they are too heavy to move through

This droplet size,

however,
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can be too large

for some

herbicides

to

be

effective.

Thickeners,

particulating

agents,

adjuvan ts decrease the number of fine droplets in a spray.

and
Small

droplet sizes (10 microns and less) are particularly important because of
the ability of these particles to move through the respiratory system.
Droplets of 5-10 microns are generally deposited in the nasal passage
(where high velocities of air and changes in direction cause them to be
deposited).

Droplets of 1-5 micron size tend to settle out in the

tracheal bronchial region.
volatilized molecules,

Droplets of less than 1 micron, as well as

are distributed throughout the alveolar region

which represents a large and highly absorptive surface.
Herbicides can also volatilize from spray droplets or from treated soil
and vegetation, and move through the air in vapor form.

Although

some

herbicide

volatile

forms

can

vaporize

rapidly

at

65 ° F,

most

formulations used on Massachusetts rights-of-way are low-volatile forms
and vaporize at temperatures of about 80 ° F or above.
those in drift,

therefore,

during summer periods.
its surface tension,

Inhalation of

may be greater when application

occurs

The volatility of a herbicide is dependent on

viscosity,

specific gravity,

(Arthur D. Little, Inc., 1979).

and vapor pressure

The vapor pressures of the 14 herbi

cides are prescribed in Appendix II.

Summary of Toxicological Literature
The following information briefly summarizes the results of the literature
review presented in Appendix II.
Aminotriazole has low acute toxicity, but causes some effects (altered
weight gain, enlarged thyroid glands) in subchronic tests.

Aminotria

zole appears to be a carcinogen, causing tumors in both rats and mice.
It has been used as a positive control in carcinogenicity tests.

Most

available studies show no mutagenic activity of aminotriazole, although
more study is needed.

Insufficient data are available to assess its

potential teratogenic effect.

The limited studies available show no

teratogenic effect.
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Ammate® has low acute and subchronic toxicity.
information

to

assess

its

potential

as

a

There is insufficient

carcinogen,

teratogen,

or

mutagen.
Atrazine has low acute toxicity when administered orally or dermally.
However, it appears to be an eye irritant.

It appears to be non-toxic

in subchronic studies, and is rapidly eliminated.

Although insufficient

information is available, atrazine does not show carcinogenic or tera
togenic effects in available tests.

It does not appear to cause repro

ductive effects, except when administered at high doses by injection.
(Since this route of administration causes moderate toxicity

in

acute

tests, these reproductive effects may be a result of maternal toxicity.)
Data suggest that atrazine is mutagenic only after activation by plant
enzymes.

Mammalian

liver

enzymes

do

not

appear

to

be capable

of

activation.
Bromacil appears to have low acute toxicity, although it may cause mild
skin and eye irritation.

Limited data suggest that it is rapidly elim

inated from mammalian systems.

Available data do not allow conclusions

to be drawn regarding carcinogenic effect.
ies

are negative.

teratogen.

Bromacil

does

not

Available teratogenic stud

appear

to

be

a

carcinogen

or

Some reproductive impairment was noted in one study using

bromacil in aerosol form.

Bromacil does not appear to be mutagenic.

2,4-D appears to be moderately toxic in acute and subchronic tests,
and some formulations appear to be eye irritants.
inated in mammalian systems.

It is rapidly elim

No clear evidence is available that indi

cates that 2 ,4-D is a carcinogen, although considerable debate has been
generated on the subject and further study is needed.

There is some

evidence to suggest that 2,4-D causes a wea k teratogenic effect; how
ever, the data present no firm basis for conclusion.
indicate that 2,4-D is not a mutagen.
found as a contaminant in 2,4-D.
of

dioxin

toxic.

Most reliable tests

Some forms of dioxin have been

These forms do not include the form

(2, 3, 7,8-tetrachlorodi�'n),

which

is

known

to

be

highly

Limited information is available on the toxicity of the various

forms of dioxin that are found in 2,4-D.

One of the forms, 2,7-dich

lorodioxin, caused some increased incidence of tumors and reproductive
effects; however, the data are difficult to interpret.
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Dicamba has low acute and subchronic toxicity, and is rapidly eliminated
from mammalian systems. Available tests are inadequate to assess carcino

genicity, teratogenicity, or mutagenicity.

Diquat can be considered toxic by oral, dermal, and inhalation routes.

No

data were found concerning the carcinogenic potential of diquat. Limited
data suggest a possible teratogenic effect. Diquat does not appear to be a
mutagen in available tests.

Diuron has low acute toxicity.

Slight negative effects

(e.g.,

growth

impairment and anemia) have been observed in subchronic effects.
tissue storage occurs, even after chronic administration.
suggest that diuron is not carcinogenic.

No

Limited data

Although there is some con

flicting evidence, most data indicate that diuron is not teratogenic.

Diu

ron does not appear to be a mutagen, although further study is needed.

Glyphosate has low acute · toxicity when administered by oral or dermal

administration.
peritoneally.

systems.

Moderate toxicity is indicated when administered intra

Glyphosate appears to be readily eliminated from mammalian

Although no data are publicly available, manufacturer's informa

tion suggests that glyphosate shows no potential for carcinogenic, terato
genic, or adverse reproductive effects.
sate is not a mutagen.

Most studies indicate that glypho

Krenite® has low ac ute toxicity. A short-term eye irritation has been
observed. No data are available regarding the carcinogenic potential of

Krenite.® Insufficient data are available to show with certainty that it is
not teratogenic or mutagenic. However, since Krenite was registered
®
relatively recently, it can be assumed that the full complement of tests was
conducted and the results have been found to be acceptable by EPA.

Metolachlor has low .acute and subchronic toxicity. Data indicate no evi
dence of carcinogenic, teratogenic, or mutagenic effect; however, no
conclusions can be drawn based on the limited data available.

Picloram has low acute toxicity.

Slight adverse effects (in organ-to-body

weight ratio) have been observed at high doses in subchronic studies.
Picloram appears to be rapidly excreted from mammalian systems. Available
data do not allow a definitive statement regarding the potential
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carcinogenicity of picloram.

It does,

however,

cause benign neoplastic

nodules, and therefore should be suspected as a possible carcinogen until

it can be shown that these nodules do not progress to carcinomas.

An

insufficient amount of data are available to show conclusively that picloram
does not cause teratogenic or adverse reproductive effects.

Most tests

indicate that picloram is not a mutagen, although an insufficient number of
reliable tests have been conducted.

Tebuthiuron shows moderate toxicity in acute tests.
rapidly eliminated from mammalian systems.

It appears to be

Although no data are avail

able, manufacturer's information states that long-term studies have shown

no indication of carcinogenicity, mutagenicity, teratogenicity, or impairment
of

reproductive

performance.

More

publicly

available

information

is

needed; however, since tebuthiuron was registered relatively recently, it

can be assumed that the full complement of tests has been conducted and
the results have been found to be acceptable by EPA.

Triclopyr has shown slight acute toxicity, while Garlon® formulations have

low toxicity in acute studies.

Garlon 3A® causes severe damage to eyes.

Although no data are available,

manufacturer's information states that

triclopyr is not carcinogenic or mutagenic, but can cause adverse reproduc

tive effects and is considered fetotoxic.
tion is needed.

CONTAMINATION
FOR
POTENTIAL
GROUNDWATER BY HERBICIDES

More publicly available informa

OF

SURFACE

AND

WATERS

Herbicides, like other chemicals, tend to move with the movement of water,

only more slowly.

Sometimes the movement of the herbicide is so much

slower than the water that the herbicide can be considered immobile.

The

movement of a herbicide in a particular area is therefore a study of (1)

the flow of water in that area and ( 2) the tendency of the herbicide to
move with the water, or instead, to be retained or degraded.

Many of the

important parameters of herbicide mobility are a function of the particular
site under consideration.

herbicide

(e.g.,

Also, parameters that are a function of the

solubility and

individual herbicides.

speciation)

are

highly

variable

among

For these reasons, this discussion will avoid any

generalizations about the likelihood of particular herbicides to contaminate
surface or groundwater systems.

Instead, this section will discuss the
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possible routes of herbicide movement,

focusing on the factors that

increase and decrease the likelihood of that movement.

In the first

part, emphasis will be given to the site-specific factors that influence

movement.
important

The second part of this section will identify some of the

physical-chemical

parameters

of

the

herbicides,

present a summary of the literature reviewed in Appendix II.

and

will

Hydrological Considerations

When herbicides first reach the soil they can move downward into the

soil (with the infiltration of water) or they can move over the surface
with runoff water.

These two pathways are competitive; i.e., the more

likely a herbicide is to move downward through the soil, the less likely
it is to move over the surface.
Subsurface Flow

downward,

Much of the water that reaches the soil surface moves

infiltrating through the upper soil layers.

As it moves

downward it encounters first an unsaturated zone and then a saturated

one, with these zones divided by the water table.

(A number of fac

tors affect the potential for herbicides to move downward through the
soil profile and laterally at the soil surface.

These factors are dis

cussed later in more detail in regard to soil retention and mobility.)

Once the water moves through the soil into the saturated zone it is

called "recharge."

areas of discharge.

Subsurface flow moves from areas of recharge to
In a recharge area, the water table can be at a

considerable depth below the surface.

In discharge areas, the water

table is usually at or very near the surface.

For any one recharge

area, the associated discharge area can be difficult to define.

This is

because recharge-discharge systems can be both localized and regional.

Local systems involve a relatively short subsurface retention time and a
nearby discharge.

Regional systems involve longer retention times,

usually at deep levels, with discharge at considerable distances from
the point of entry of the water.

Where there is pronounced local relief

(a hilly topography) numerous local systems of flow can be produced.

Where topographical relief is negligible, subsurface water tends to move

in regional systems.

The tendency of local systems to develop rather
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than regional systems also depends on the depth of the basal boundary

of the system.

Deeper systems (e.g., deep unstratified glacial tills)

encourage regional flows, while shallow systems (e.g., those bounded
by unfractured granite) tend to encourage local flows.

The application of a herbicide to a particular recharge area, therefore,

can result in a very local discharge (e.g. , a thousand meters away) or

introduction to

a groundwater flow

that

extends

for

many

miles.

Because New England topographic features can vary considerably in a

small area, herbicide applications that are only a few meters apart can
result in widely different locations of discharge.

Geologic, as well as topographic, considerations can affect the· flow of

water and herbicide contaminants.

Geologic control is exerted by

differences in permeability of the underlying stratigraphy.

Layers with

higher and lower permeability can affect the direction and rates of flow.
A conduit with high permeability can thus move herbicides into a

regional system of ground water flow even in hilly terrain where

otherwise the movement of the herbicide would be dominated by local

groundwater flows.

On the other hapd, low-permeability layers can

block the expected downward flow, and move herbicides laterally to

discharge areas that are nearer the point of application than would
otherwise be expected.

Many other factors besides the topography and geology of an area

control the directions and amounts of water that move through sub
surface systems.
factors

The infinite variety in flow systems created by these

(as well as the characteristics of the individual herbicides)

makes it impossible to assess the potential for groundwater contam-

ination without a site-specific investigation.

As an overall general-

ization, however, local movement of groundwater may be· more important

than regional movement in regard to the potential for contamination of

water supplies by herbicides applied to rights-of-way.
narrow linear form,

rights-of-way are unlikely to take up a large

percentage of a regional recharge area.

system

would

Because of their

significantly

decrease
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Dilution in a large regional
herbicide

concentrations.

Additionally, since some of the herbicides have short persistence times,

the retention times of regional systems may result in degradation of the
herbicide before discharge.

This is difficult to predict, however, since
conditions in groundwater systems are not likely to be as conducive to
degradation

determined.

as

soil

conditions

under

which

persistence

times

are

Additional information on the persistence of individual

herbicides and the conditions for degradation in groundwater are
discussed below.
Local

systems

of

flow

may

be

particularly

likely

to

occur

in

Massachusetts, because of a number of conditions that may divert water

laterally away from deep regional systems:

1. Much of Massachusetts, like the rest of New England, has
pronounced local relief and therefore its groundwater is subject
to local topographic control as described above.

2. The topography of many areas in Massachusetts 15 bedrock
controlled, i.e., underlain by bedrock at shallow depths .
Bedrock is less permeable than most soils.
Because of the
lower permeability, water may be diverted laterally at shallow
depths.
3. Bedrock

can

also

provide

high-permeability

conduits

for

herbicides by means of fractures in the geologic material.

These fractures can transport the herbicide in unexpected

directions,
fractures.

depending on the orientation and frequency o f

4. Low-permeability layers at varying depths below the surface
(called "fragipans")
can divert downward movement of
herbicides to more localized lateral movement.
Fragipans
consisting of compacted layers of clay are found in many parts

of southeastern Massachusetts, as well as in other parts of the
state.
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Thus far, the discussion has assumed that once in the ground water

flow, herbicides will move with the movement of the water.

However,

once the herbicide enters the groundwater, it can undergo a number of

reactions,

including

solution-precipitation

reactions,

changes

in

speciation, oxidation-reduction reactions, ion pairing or complexation,

adsorption-desorption reactions, and microbial degradation.
the literature

indicates

that

the

last two

are

the

A review of

most important

mechanisms for retention and degradation of the herbicides discussed in
this report.

Adsorption involves the binding of herbicides by weak

chemical and physical bonds to charged surfaces of colloidal particles
(particles of less than 2 microns in diameter) along with surfaces of

silica oxides and other materials.

This binding removes a certain

amount of herbicide from the solution, depending on the amount and
type of charge of the herbicide ions or molecules.

More information on

this process is presented below in the discussion of adsorption of

herbicides in soil.

Microbial degradation of herbicides 1s probably limited in ground water

systems.

Since the groundwater is not exposed to the atmosphere,

oxygen that 1s con�umed in chemical and microbial reactions is not

replenished.

Microbial oxidation of only a small amount of organic

compounds can severely deplete dissolved oxygen resulting in anaerobic
conditions.

The significance of anaerobic degradation of the herbicides

covered in this report is not known.

Recent studies have tried to

encourage microbial degradation of groundwater contaminants, and have

found that such degradation is significant only when nutrients and
oxygen are injected into the groundwater flow.
Surface Flow

Runoff of herbicides is most likely under conditions that

encourage overland flow

of water.

Factors

that

encourage

runoff

include high intensity rainfall events, long slopes with steep gradients,

low infiltration capacity of soils, and lack of vegetative cover or other
barriers to slow the movement of water.

runoff can transport herbicides:

There are two ways in which

( 1) relatively soluble herbicides can

dissolve in water moving across the surface of soil, and (2) herbicides
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that are adsorbed to soil particles can be transported during the
erosion and movement of the soil particles.

The movement of soluble herbicides in runoff is most likely to occur

when the first rainfall following a herbicide application is sufficiently
intense to exceed the infiltration capacity of the soil.

The second type

of runoff of herbicides, i.e., transport while adsorbed to soil particles,

frequently involves insoluble herbicides generally considered "immobile"
(in studies that examine the potential for downward movement).

These

herbicides are often held tightly by soil particles at the surface of the

soil.

During a rainfall event of sufficient intensity, these particles can

be removed and transported away from the application site.

The most

important factor in determining the amount of herbicide moved in this
way is the velocity of the runoff water.

Increasing the velocity by a

factor of 2 enables the water to transport particles 64 times larger
(Brady, 197 4), thereby transporting a considerably larger fraction of

surface particles to which herbicides are adsorbed.
Unfortunately,

many of the herbicide runoff studies determine the

amount of herbicide moved by runoff as a percentage of the amount

applied.

Typical results indicate that less than 5% of the herbicide is

removed from the application area by runoff.

These results lack

meaning in terms of the concentrations of herbicide contributed by

runoff to streams and other surface water bodies.

Additionally, these

results can be misleading, in that low percentages lost by runoff (e.g.
"less than 1% of the herbicide") give an impression that runoff was

found to be insignificant.

These small percentages can be significant

when the application involves a large portion of the drainage area of a
single stream.

Runoff water can either infiltrate into the soil (when it slows down

and/or reaches a soil whose infiltrative capacity has not been exceeded)

or it can be channeled into stream flow.

Once it enters a stream, the

amount of dilution of the herbicide contamination depends on such
factors as the rate and amount of water moving in the stream, as well

as on the percentage of the drainage area that received the herbicide
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application.

Herbicide

II

sinks"

in

streams

include

plant

uptake,

microbial and chemical degradation, sediment deposit, and volatilization.

If stream velocities are high, however, these sinks are not likely to be

significant, and the herbicide will move with the flow of water, either

in solution or adsorbed to suspended particles.
Once the velocity of the water decreases,

as in a pond,

lake,

or

wetland,

the sinks mentioned above become more important, and the

general,

herbicide retention

herbicide 1s more likely to be retained in the aquatic system.
will

be greatest in water bodies

In

with

greater biomass (e.g., eutrophied ponds and wetlands) than those with
less

biomass

(e.g.,

oligotrophic

lakes).

Components

of

aquatic

ecosystems that are important in the retention and degradation of
herbicides include:

Organic matter,

both suspended and in sediments,

retain the herbicide by adsorption or complexation.

that can

Organic

matter can also assist in microbial degradation by providing
nutrients, and by providing carbon sources for cometabolism.

Suspended mineral matter, which provides sites for adsorption

and microbial degradation.
Plant

and

animal

matter,

which

can

take

up

and

retain

herbicides in tissue, circulating these residues from one trophic

level to the next,
Sediments,

which

provide

very

large

surface

areas

for

adsorption, high microbial populations, and anaerobic conditions

(which may favor the degradation of some herbicides and retard

the degradation of others).

In regard to herbicide sinks, wetlands are similar to eutrophic water

bodies in that they have a high biomass, thick sediments, and large
amounts

of suspended

organic

and

mineral

matter.

When flooded,

wetland soils often have a thin surface layer (i.e., a few millimeters
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thick) that is an aerobic,

oxidized

state,

overlying the remaining

sediments, which are in an anaerobic, reduced state.

Wetlands that are

flooded during only a part of the year represent a particularly complex
situation for predicting herbicide retention and degradation, since the

sediments can change from an oxidized to a reduced state within a few
days after flooding.

Retention/Mobility in Soil

The upper layers of the soil provide the most significant potential for

the retention of herbicides.

This is due in part to characteristics of

the soil matrix (presented below) and in part to the slower velocity of

water moving through the soil.

retention/mobility of herbicides:
Organic Matter

The following soil parameters affect the

Because of its large adsorptive capacity, the amount of

organic matter 1n the soil

(expressed as a percentage of the total

volume of the soil) may be the most important determinant of the fate of
herbicides in the environment.

As can be seen in Appendix II, most of

the herbicides are more mobile in soils low in organic matter (e.g., 1%),
and less mobile in soils with high organic content (e.g., 3%).

Although

the organic matter content of Massachusetts soils varies widely,

common occurrence is a thin

a

(one or two inch) layer of soil with

moderately high percentages of organic matter overlying

considerably lower organic content.

soils

with

This sharp decline in organic

matter near the surface of soils creates conditions that differ from the

conditions

under

which

most

tests

of

herbicide

mobility

are

run.

Because herbicides are primarily used in agriculture, tests for mobility

often use soil that simulates agricultural conditions,

1.e.,

have organic matter which extends deeply into the soil.

mobility

1n

Massachusetts

soils

may,

therefore,

suggested by field studies available in the literature.

be

soils that

Herbicide

greater

than

(This would not

apply to herbicides that are easily retained by organic matter and are

applied at rates that do not exceed the adsorptive capacity of the
organic matter in the surface layer.)
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Organic matter 1n the soil also has the ability to support microbial
populations responsible for degradation of herbicides.
All of the

herbicides reviewed in Appendix II are degraded primarily by microbial
degradation, as opposed to chemical degradation. Generally, higher
microbial populations result in shorter persistence times.

The organic

matter in the soil provides nutrients necessary for maintenance of active
microbial populations. Additionally, some herbicides are degraded by

cometabolism, i.e., degradation of the herbicides takes place only in the
presence of another carbon source, which the organic matter provides.

Soil Texture Soil is made up of particles of various sizes; the relative
proportions of particles of different sizes are generally referred to as
the soil texture.

Gravels, which have a particle size range of greater

than 2 millimeters (by the International Society of Soil Science
Classification) , have a high permeability and allow rapid movement of

herbicides and other materials.

Sands, which have a particle size

range of 0.02 to 2 millimeters, also have a high permeability.

Because

of the high permeability, lateral movement is less likely to occur than
downward movement in both sand and gravel. Silt particles are O. 002
to 0.02 millimeters in size and have a much lower permeability, while
clays, with a particle size of less than O.002 millimeters (2 microns)

have the lowest permeability.

Clay layers can act as fragipans, i.e. , layers that slow the downward

movement of water to such an extent that they divert the water
laterally. Fragipans can be found in most parts of the state. In

southeastern Massachusetts they can be found 1 to 2 feet below the soil

surface, where they may cause seasonal flooding.

Various combinations of these particle sizes result in soil texture
classes, such as sandy clays, silty clay loams, and silt loams. 11 Loam 11

refers to a mixture of sand,

silt,

and clay that exhibits overall

properties which are characteristic of the particular combination of

particle sizes. A sandy loam is a mixture of sand, silt, and clay 1n
which sand is slightly dominant. One of the most common soils in
Massachusetts is a fine sandy loam in which fine sand (0.02 to 0.2
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millimeters) dominates.
sandy

loams,

are

also

Loamy sands,

common.

which contain more sand than

When examining

herbicide mobility

studies available in the literature, it is important to consider whether

.the soil used in the test contains as much sand as is commonly found in
Massachusetts.

Soil texture affects the lateral movement of herbicides as well as the

vertical movement.

competitive.

To some extent, movement in these two directions is

In a sandy loam,

water can move downward about 72

inches in 24 hours and can spread to a diameter of 26 inches in the

same time period.

A clay loam, on the other hand, may allow downward

movement of water to a depth of only 36 inches in 24 hours, but the

lateral spread during that time period may be 48 inches in diameter
(Brady, 1974).

Adsorptive Capacity

The texture of the soil also affects the capacity of

the soil to adsorb herbicides.

Particles that are less than 2 microns

(clays and some forms of organic matter) are capable of adsorbing

herbicide material by weak chemical and physical bonds.

As they move

through the soil, herbicides adsorb to the charged surfaces of these
particles.

Soils have varying adsorptive capacities, depending on the

amount and type of clay, the amount of organic matter, and pH.

The

form of organic matter that is most likely to adsorb herbicide material 1s
humus--a

dark,

amorphous,

and

heterogeneous

organic

mass

1n

a

colloidal state (i.e., consisting of particles that are 2 microns or less 1n
diameter).

Humus 1s what 1s left after microbial degradation of a

variety of organic materials.

Its surface charge is generated by the

dissociation of carboxylic and phenolic groups.

Herbicides may be

adsorbed onto these charged surfaces, or they may become physically

trapped

in

the

irregular

inner

surfaces

of

the

humic

material.

Herbicides that are trapped in these inner surfaces are more easily

removed from the humus than the ones that are adsorbed onto the
surfaces.

Clays vary in their adsorptive capacities by the nature and organization

of their surfaces.

There are three primary types, montmorrilonite,
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illite, and kaolinite, with high, medium, and low capacities to adsorb
herbicides,

respectively.

All

three

are

found

1n

Massachusetts,

although montmorrilonite is less prevalent here than in other parts of

the

country.

The

montmorrilonite, illite,

relative

adsorptive

capacities

of

humus,

and kaolinite can be expressed as a ratio of

20:10:4:1.5, respectively.

One of the most important steps therefore,

in determining the ability of a particular soil to retain a herbicide is to

determine the amount of organic matter and the amounts and types of
clay that are present.

E.!:!, The acidic or basic nature of the soil solution exerts an influence
on the retention/mobility of herbicides in a number of ways.
Massachusetts,

soil pH is low,

Appendix I, Chapter 6).

rang1ng from about

3.5 to

6

In

(see

At a low pH, some of the adsorption sites are

not available to herbicides that enter the soil, even if the herbicides

have the appropriate charge.

This is because at low pH, ions normally

present in the soil are held so tightly that they resist being displaced

by the herbicide.

The adsorptive capacity of organic matter is partic

ularly affected by pH in this way.

Also, at low pH, some components

of the soil that contribute to its adsorptive capacity will change from

their

usual

charged.

state

of

being

negatively

charged

to

being

positively

Herbicides that are normally attracted to and held by these

surfaces will tend

to

stay

in

the

solution;

other

herbicides,

normally adsorbed, will be retained on the charged surfaces.

not

The pH of soil can also influence opportunities for microbial breakdown

of

herbicides.

Some

herbicides

are

degraded

by

a

microorganisms representing a wide range of tolerated

variety

pH

of

values.

Others are degraded by specific groups of microorganisms that may

have narrower ranges of tolerated pH values.

In general,

fungal

degradation may be dominant at low pH values and bacterial degradation

may be dominant at pH 7

and above.

Unfortunately,

the role of

specific groups of microorganisms 1n microbial breakdown of herbicides

in the field is not well understood.

-41-

The above discussion has emphasized site specific characteristics that

determine the mobility and persistence of herbicides.

Of course, the

characteristics of the herbicide itself also determine its fate in the en
vironment.

Appendix II presents a literature review of the behavior of

individual herbicides tested under a variety of different field
laboratory conditions.

and

The summary of this literature review presented

below attempts to make some generalizations about each herbicide.

Also presented below is an explanation of the physical characteristics of
herbicides that indicate their potential for contaminating groundwater.

In Appendix II, the discussion of the mobility and persistence of each

herbicide ends with a table of characteristics for that herbicide which
indicate

its

potential

for

contaminating

ground

water.

The

characteristics chosen as indicators are those suggested by the Hazard
Evaluation Division ( HED) if the Office of Pesticide Programs, EPA, in a

memorandum (June 7, 1983) prepared for use by the FIFRA Scientific

Advisory

herbicides,

Panel.

Before

the following

presenting

the

discussion briefly

data

on

the

introduces

indicators and the thresholds suggested by HED.

individual

each of the

Indicators of the Potential for Ground Water Contamination
Water Solubility

The amount of material that will dissolve in water may

be the most critical information about a herbicide regarding its potential
for mobility, since it is a major determinant of how much material will
be picked up and carried by water moving through the soil system.

Solubility is expre·ssed in a number of ways; the HED memorandum uses

parts

per

equivalent

million,

to

the

which

number

dissolved in a liter of water.

for
of

these

purposes

milligrams

of

can

material

be

considered

which

can

be

The threshold value suggested by HED is

30 ppm, a relatively low solubility, so the threshold is a conservative

one.

Most of the herbicides in this report are more soluble than this

by one or more orders of magnitude.
Soil Adsorption Coefficient (K )
d

K ' also known as the Freundlich
d
isotherm, or distribution coefficient, is a parameter that indicates the
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amount of material which 1s adsorbed onto soil particles.
indicates the ability of a soil to retain the material.
indicate

how

much

material

is retained

in

soil,

Indirectly, it
to
d
simple

To use the K

the

following

equation can be used:

V

=

V

that is,

the rate of movement of

movement
material

of
will

(V) will be faster than the rate of

(V ) by a factor of (1 + 4K ) to
d
c
To put it in a more useful way, if K
=
1, then the
d
move 5 to 11 times slower than the water or will be
the

retained by a
adsorption is

contaminant

factor of
rapid

5 to 11.

and

(Technically,

reversable,

and

if

this is true only if

the

log-log

relationship

between solute concentration and adsorption is linear.)
The HED threshold of K

less than 5 is a conservative one, since it
d
implies that the herbicide must move at least 21 to 51 times slower than
the surrounding water to be considered as h�ving a low potential for
mobility.

Some textbooks suggest a K

threshold of less than 1 as an
d
This threshold may not be sufficiently conserva

indication of mobility.

tive, considering the slow degradation rates of some of these herbicides
and the amount of water that moves through the surface layers of soil
in New England.

A K

d

value of 3 may be suitably conservative.

This report does not include
choosing instead to use the K

value as a mobility indicator,
d
value explained below. The difficulty

the K

oc

An
d
individual herbicide may have K values ranging from 1 to 6, depending
d
on the type of soil used in the test.
This is due to the fact that the
with using a K

ability of

value is that it varies considerably with soil type.

a material

to be

heavily on the amount

retained

of colloids

other factors, as dicussed above.
matter will result in a higher K
that is low in organic matter.

d

or

adsorbed by a

(organic matter and

soil

depends

clay),

among

Using a soil that is high in organic
value for a herbicide than using a soil
In this report,

included where available as part

of

K

d
the discussion

regarding the fate of the individual herbicides in soil.
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values have been
of

the literature

K

0c

(K Divided By the Organic Carbon Content)
d

the adsorptive capacity of the soil, the K

In order to factor in

is used instead of the K .
d
by the organic content of the test soil serves to
OC

Dividing the K
d
narrow the range of values obtained, thus providing a more distinctive

set of values for an individual herbicide.

For instance, an herbicide

that has a K of 6 in a soil with moderate organic matter (2%), and a
d
of 300
K of 1. 5 in a low organic matter soil ( 0. 5%) , would have a K
oc
d
in both soils. For the purpose of this report, therefore, it is more

value than a K value, given the wide variability
d
in Massachusetts soils.

reliable to use a K

QC

It should be noted that K

disregards variability in clay content which

OC

can contribute to retention of a herbide.

higher or lower than the K
and type of clay present.

OC

value suggests, depending on the amount

The threshold values for K

OC

conservative.
1%.

The actual retention may be

suggested by the HED memorandum are

HED appears to have assumed a soil organic content of

Although this is a low _organic content, it may reflect conditions in

many parts of the state with poor soils.

It also may reflect the sharp

drop in low organic matter commonly found just below the soil surface
in some areas of Massachusetts.
Only a few K

OC

values, which were determined from actual soil studies,

were found for the herbicides discussed in this report.

K

QC

Most of the

values in Appendix II were calculated from octanol-water partition

coefficients using a method proposed by Hassett et al. ( 1979).
Speciation

An

important

factor

in

the

ability

of

soils

to

adsorb

herbicides is the type of charge the herbicide has in the soil solution.

If it dissociates in such a way as to form a positively charged ion, it is
called a

is an

II

t1

cation t1; if it dissociates to form a negatively charged ion, it

anion t1; if neither, it is referred to as neutral.

Most of the sites

available for adsorption in the soil (i.e., the organic matter and the
clay) are negatively charged; thus they attract and hold the positive
cations.

Herbicides that are in the form of negatively charged anions
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tend

to

surfaces.

be repelled by

and

move

quickly past these adsorptive

Although soil pH has a modifying influence as (explained previously),

the statement can generally be made that herbicides which act as
positively charged cations in soil solution are considerably more likely
to be held by the soil than either neutral molecules,

or anions.

Herbicides that act as anions in soil solutions are generally the least

likely to be retained by the soil, and therefore are the most likely to

be mobile. In accordance with this generalization, the HED memorandum
suggests that a potential indication of mobility is the dissociation of the

herbicide to form a negatively charged anion.

The speciation of a molecule (i.e. , whether it acts as an anion, a cation,
or a neutral molecule) is difficult to determine, because most organic

molecules can act as two, or all three, different forms depending on the

pH of the soil solution. In- the preparation of this report, information
about the speciation of the herbicides was generally not available in the
literature or provided by the manufacturer. To give an indication of
the likely speciation, a soil pH of 5 (common to Massachusetts soils, see
Appendix I, Chapter 6) was chosen, and then the structure of the

molecule was examined for the number of likely sites for the gain or
loss of hydrogen protons. After considering the available information
on pK 's for each of the herbicides (pK 's indicate the pH values at
a
a
which a change in the amount or type of charge takes place), an
estimation was made of the likely species. Where pK information was
a
not available, no attempt was made to designate species.
Hydrolysis and Photolysis Half-Lives and Vapor Pressure

Compared to

the above parameters, these three indicators are of minor importance.
The hydrolysis half-life generally estimates the amount of chemical (as
opposed to biological) degradation that may occur.

The photolysis

half-life estimates the breakdown of the herbicide by sunlight or UV

radiation.

The literature review presented in Appendix II indicates

that for almost all the herbicides the primary mechanism of degradation

is by microbial action, and that loss due to chemical degradation and
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photolysis is insignificant compared to loss due to microbial degradation.

Information on hydrolysis and photolysis, however, is included where
available.

Volatilization

(as measured by vapor pressure) is also not generally

through the

soil.

significant in determining the total amount of herbicide that can move
Like

photolysis,

its

importance

drops

once

the

herbicide moves into the soil, where the soil spaces quickly become

saturated.

Movement upward may occur slowly at a rate determined by

the volatilization from spaces contiguous to free air above the soil.

Lateral movement of herbicides in the soil by volatilization has not been

extensively studied, but is considered to be insignificant.

The HED

memorandum does not provide a threshold for vapor pressure;

report uses a value of 10
Soil Half-Life

clear.

In

-2

mm Hg.

this

The information conveyed by a soil half-life is not always

a field study,

it can

represent

herbicide by all routes of loss over time.

the dissipation of the

With a herbicide that is

tightly retained by soil, for instance, a half-life measured in the field
very likely represents the degradation of the herbicides.

For a highly

herbicide

sample

mobile herbicide, the half-life may represent the time required for the
to

move

vertically

or

laterally

out

of

the

site.

Laboratory studies are also unclear, because information on losses due

to mobility may not be provided.

Because of this uncertainty, and because soil half-lives vary so greatly

with soil type and other factors, information on soil half-lives is not

included in the list of mobility indicators, but rather is presented in
the discussion of available literature.

Presenting the soil half-life data

as part of a general discussion also allows the description of available

parameters such as soil type, moisture, temperature, and pH, which
may be important in the interpretation of the half-life.
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Summary of Mobility and Persistence Data
Aminotriazole

More than other herbicides, the mobility of aminotriazole is

dependent on the adsorptive capacity of the soil.

This means it can be

expected to be mobile in sandy soils, but immobile in soil with high organic

matter or high clay content.

Aminotriazole has a low to moderate persist

ence, with half-lives ranging from 6 to 42 days.
Ammate®

Limited data suggest that Ammate® may be mobile in soil.

Insuffi

cient information is available to estimate persistence, or the factors which
affect persistence or mobility.

Although conflicting data are available, atrazine can be consid

Atrazine

ered to have low mobility in soil.

Factors which increase mobility include

low organic matter and higher temperature, moisture, and pH.
atrazine may occur if a heavy rainfall follows application.

Runoff of

Atrazine can be

considered a persistent herbicide, with significant residues remaining after
1 to 2 years.·

Bromacil

Although the mobility of bromacil is significantly affected by the

percentage of organic matter, bromacil can be considered highly mobile in
a number of soils.
to 8 months.
2, 4-D

Bromacil is a persistent herbicide, with a half-life of 3

The available data do not allow a general statement to be made

regarding the mobility of 2, 4-D.

Important variables seem to be the form

of the herbicide (acid, salt, or ester) and soil factors, particularly the

amount of organic matter.

Surfactants also increase mobility.

Most avail

able studies show that 2, 4-D is a non-persistent herbicide with a half-life
of less than 2 weeks.

water samples.
Dicamba

Monitoring studies have detected 2, 4-D 1n surface

In water, 2, 4-D may be stable for several months.

Studies show dicamba to be highly mobile in soil.

Factors which

increase mobility include decreased organic matter and increased pH,

although dicamba's high mobility makes these factors less important than
they may be for other herbicides.

Runoff is not expected to be signifi

cant, because of the propensity of dicamba to move downward in soil.

The

persistence of dicamba in the field is difficult to assess, because of the

rapid dissipation which occurs after rainfall.
has a half-life of 4 weeks.
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In the laboratory, dicamba

Studies show that diquat has low mobility in soil since it is held

Diquat

tightly by clay and organic matter at the surface of the soil.

adsorption tends to decrease the rate of degradation.

This strong

Because of this,

diquat is expected to have a long persistence time, although no half-life
values are available.

In water, diquat is quickly adsorbed to sediments

and suspended matter and is taken up by aquatic plants. After being
adsorbed by sediments, diquat may persist for several years.
Diuron

Available data indicate that diuron is a low-mobility herbicide that

stays near the surface of the soil.

limited.

Lateral movement also appears to be

Although conflicting results are available,

mobility appears to

increase with decreasing organic matter and clay content in soil.

Diuron

appears to have low to moderate persistence, with residues disappearing
after 4 to 8 manths.
bottom sediments.
Glyphosate

soil

In water, diuron is adsorbed onto suspended and

Studies show that glyphosate binds rapidly and tightly to

particles,

and

has

very

low

mobility.

Mobility

increases . with

decreasing clay, organic matter, and increasing phosphate, Na+ and Ca++
concentration in the soil.

Persistence is variable (half-lives range from 3

to 133 days), probably due to the different adsorption capacities of soils

used the tests.

In water, glyphosate appears to be adsorbed to suspended

and bottom sediments and slowly degraded by microorganisms.
Krenite®

Because of a strong tendency to adsorb to soil particles, Kren-

ite® has a low mobility in soil.

matter and clay content in soil.

Mobility increases with decreasing organic
Because of its tendency to stay near the

soil surface, it may be transported by runoff.

Krenite® has a low persist

ence in soil, with a half-life of one week or less.
Metolachlor

Available data suggest that metolachlor can be considered

highly mobile in soil.
soil.

Mobility increases with decreasing organic matter in

Although no data are are publicly available, a review of registration

material by EPA concluded that metolachlor may be persistent in soil (i.e.,

that it has
Picloram

II

a potential for long-term environmental stability").

Studies show that picloram can be considered mobile in soil.

has a low tendency to adsorb to soil particles.
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Mobility increases with

It

decreasing organic matter, with increased pH, and with increasing concen

trations of hydrated oxides of aluminum and iron.

Runoff studies have

indicated that picloram is likely to move in water as it flows over the soil.

Numerous studies have shown that picloram is moderately to highly persist
ent, with half-lives of 1 to 13 or more months.
less persistent in water than in soil.

Tebuthiuron

Studies suggest

Picloram appears to be

that tebuthiuron 1s mobile in the soil.

Because of its tendency to move with water, factors which affect the

mobility of other herbicides have less of an effect on tebuthiuron.

It is

very persistent, with half-life values ranging from 4 months to 1 7 months.
Triclopyr

Available data suggest that triclopyr is a mobile herbicide.

Mobility increases with decreasing organic matter.

It can be considered

moderately persistent, with half-life values ranging from 46 to 156 days.
EFFECT ON NON-TARGET ORGANISMS

Herbicide use on rights-of-way affects the ecosystem by removing ·part or
all of the vegetation. The extent of the impact will depend on the selectiv

ity of both the herbicides and the method of application.

On railway

yards and lines, herbicides with a broad range of target species are
11

broadcast 11 over the right-of-way.

The effect, therefore, is to eliminate

the vegetative community that would have developed there, and to decrease
the amount of food and cover that would have been provided to animals by
that vegetation.

On utility rights-of-way, herbicides with narrower ranges of effectiveness
are applied to small areas and fewer plants.

The impact, therefore, will

be considerably less than that on railroad rights-of-way.

On utility

rights-of-way, removal of one component of the vegetative community will

give a competitive advantage to other vegetation.

For instance, studies

have shown that the broadcast spraying of a herbicide that kills broadleaf

plants (such as 2,4-D) results in the replacement of those species by
grasses, sedges, ferns, and a few herbicide-resistant shrubs
1978).

(EPRI,

A more selective treatment (one that kills trees but avoids damage

to surrounding desirable species) would encourage the spread of the
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surrounding species by increasing the available light, nutrients, and
moisture.

Over time, the continued selective removal of trees will

theoretically result in a dominance of desirable species forming a stable

vegetative community that is resistant to invasion of trees.

This sub

ject is discussed in greater detail below in regard to biological control.

Herbicide treatment on both utility and railroad rights-of-way may kill

rare or endangered plants.

This is somewhat less likely on railroad

rights-of-way, because the harsh conditions of the ballast or yard area

generally allow the introduction of only common, hardy weed species.

On utility rights-of-way, rare plants are more likely to be found, and

their elimination could result away from the unintended movement of
herbicide from the target plant.

A list of rare plants likely to be

found on Massachusetts rights-of-way is provided in Appendix I, Chap

ter 7, along with a suggested method for inventorying rare plants to
allow them to be a marked on maps and avoided by applicators.

A number of studies have been conducted to assess the effects of

herbicide use on animal communities on rights-of-way.
Byrnes

( 1972)

reported

a

spraying as shown in Table 6.

the

type

of

treatment

species-specific

likely

response

Brambel and

to

herbicide

Squirrels and rabbits seemed to prefer
to

cause

the

least

surrounding vegetation, i.e., winter basal treatment.

disturbance

to

Turkeys, on the

other hand, increased dramatically in response to the treatment that

caused the most disturbance (i.e.

broadcast).

No clear negative or

positive response to any of the treatments was noted for deer and

grouse.

All treatments in this study were conducted with 2,4-D and

2,4,5-T between 1953 and 1957.

Another study by Bramble and Byrnes

( 1982) showed that favorable

wildlife conditions developed after a series of herbicide applications.
Fruiting

shrubs,

such

as

blueberry,

huckleberry,

blackberry,

dewberry, and witch-hazel, provided wildlife with food and cover.
EPRI ( 1978) found that there were no significant differences between

old field communities and the plant communities on utility rights-of-way

maintained with herbicides in regard to the number of pref erred food
plants. The same study conducted a songbird census and found that a

-so-

TABLE 6
NUMBER OF TIMES COMMON WILDLIFE SPECIES OR SIGNS WERE OBSERVED
ON AREAS TREATED WITH 2,4-D AND 2,4,5-T

Treatment

Deer

Turkey

Squirrel

Rabbit

Grouse

Unsprayed

83

0

6

51

12

8

12

5

2

8

Winter basal

59

1

11

1

6

Summer basal

53

1

Broadcast

45

31

Semi-basal

Source:

62

25
3

8

7
8

Bramble and Byrnes (1972).

large number of species used powerline corridors for nesting, cover,
feeding, and perching.

Herbicides may cause negative effects on animals by altering the chemi
cal composition of the plants.

For instance, they may make desirable

species less palatable, or undesirable species more palatable (Richter,

1952) as cited by Pimentel (1971).

Also, harmful contaminants may be

found in plants treated with herbicides.

Swanson and Shaw

( 1954)

concluded that Indian grass concentrated more hydrocyanic acid after

herbicide treatment.

The potential for these and other effects on

specific plants depends to a large extent on the chemical properties of
the individual herbicide.

The information presented below summarizes the available information on

the effect of the individual herbicides on non-target organisms likely to

be found on rights-of-way.
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Summary of Data on Toxicity to Non-Target Organisms
Aminotriazole appears to be non-toxic to birds and fish,
toxic

to

bees.

application.
Ammate®

Soil

microbial

activity

may

be

and slightly

inhibited

by

its

Aminotriazole is not likely to bioaccumulate.

appears

to

be

non-toxic

limited data are available.

to

birds

and

fish,

although

only

One study shows it to be non-toxic to deer.

Ammate® may temporarily inhibit soil microbial activity.
Atrazine appears to be non-toxic to birds and livestock.

It appears to

be toxic to some species of fish and non-toxic to others.

Some lower

aquatic

In

organisms

appear

to

be

sensitive

to

atrazine.

aquatic

ecosystems, atrazine decreases the rate of photosynthesis of some algae,
and, perhaps indirectly, reduces populations of zooplankton.

Atrazine

may concentrate to a limited extent in fish, algae, snails, and fungi.
Soil microorganisms show variable responses to atrazine.
Bromacil appears to be non-toxic to birds, fish, lower aquatic organisms
and bees, although only limited data are available.
2, 4-D appears to be non-toxic to birds.

Its toxicity to fish and aquatic

invertebrates varies with formulation and species of fish.

Mammalian

wildlife do not appear to be adversely affected by 2, 4-D,

except in

response

to changes in vegetation

caused

by

its

application.

adverse effect is observed after exposure of livestock,
organisms to 2, 4-D.

bees,

Little
or soil

It does not appear to bioaccumulate in a variety of

terrestrial and aquatic organisms tested.
Dicamba appears to be non-toxic to birds and livestock.
be

moderately

toxic

to

fish,

depending

on

the

It appears to

species.

Dicamba

appears to be toxic to a number of aquatic organisms, although data are
contradictory.

Dicamba can be considered non-toxic or only slightly

toxic to bees.

Limited data suggest that dicamba does not harm soil

microorganisms.
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It appears to be toxic to

Diquat appears to be non-toxic to birds.
some species of fish but not to others.
be

able

to

tolerate

sensitive.

Cattle

diquat,
may

except

be

Aquatic invertebrates seem to

for

somewhat

amphipods,
sensitive.

which
Diquat

are

very

does

not

accumulate in fish tissue.
Diuron appears to be non-toxic to birds.
the toxicity of diuron to fish.
to diuron.

No information was found on

A number of phytoplankton are sensitive

One study suggests that diuron inhibits microbial activity in

a number of soils.
Glyphosate appears to be non-toxic to birds, although limited data are
Roundup

available.

®

appears to be toxic to a number of fish, although

it appears to be the surfactant,

not the glyphosate,

mortality.

The surfactant used in Roundup

glyphosate

to

lower

aquatic

organisms.

®

that causes the

is also more toxic than

Glyphosate

non-toxic to bees and soil microorganisms.

appears

to

be

It does not accumulate in

fish tissue.

. ®
K ren1te

to

appears

organisms,

bees,

be

non-toxic

to

and soil microorganisms.

birds,

fish,

lower

aquatic

It does not accumulate in

fish tis sue.
Metolachlor appears to be non-toxic to birds and moderately toxic to
fish.

Limited data are available.

Picloram appears to be non-toxic to birds and toxic to some species of
fish.

It appears to be non-toxic to lower aquatic organisms, livestock,

bees, and soil microorganisms.
livestock or fish.
Tebuthiuron

It does not accumulate in the tissue of

However, it does accumulate in some fungal species.

appears

to

be

non-toxic

to

birds,

fish,

lower

aquatic

organisms, bees, and livestock.
Triclopyr appears to be non-toxic to birds,

fish,

and lower aquatic

organisms, although limited data are available on the ef feet on this last
group of organisms.

MINIMIZING THE EFFECTS OF HERBICIDES
As is evident from the above discussion, individual herbicides differ

considerably in their potential for impact.
minimize impact,

therefore,

potential for adverse affects.

The most important way to

is to choose chemicals with the lowest
A later section which discusses policy

recommendations considers this choice of chemicals in more detail.

section

will

herbicides.

discuss

ways

of

minimizing

impact

that

apply

This

to

all

Many of these are mentioned in other parts of the report,

and are repeated here along with other commonly recommended in the
use of herbicides.

- Protective clothing, including gloves and rubber boots, should
be worn by applicators.

(Goggles or other protective eye-wear

eye

worn

should be used when mixing Garlon 3A®, because of its acute
toxicity).

Clothes

by

applicators

should be washed separately from other clothes.

while

spraying

- Containers should be triple-rinsed and disposed of properly.
They should never be reused, even after thorough washing.

- Spill contingency plans should be prepared, and the equipment

and material necessary for clean-up should be assembled (see

Appendix I, Chapter 5).

- Rights-of-ways should be surveyed for sensitive areas including
streams,

adjacent

gardens,

playgrounds,

and

campgrounds.

Rights-of-way should be marked, as recommended in Appendix I,

Chapter 4, to alert the applicators of the proximity of these

sensitive areas.

A survey of wells (as recommended in Appendix I, Chapter 2)

should be conducted, as well as an inventory of rare plants (as

recommended in Appendix I, Chapter 7).

Applicators should be

trained to recognize rare plants they might encounter.
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- Access to the right-of-way should be restricted after herbicide
application,

especially

when

the

areas

are

frequented by berry or mushroom pickers.
conducted

to

determine

ways

to

known

to

be

(A study should be

restrict

access,

and

the

appropriate duration of restricted access after spraying various
herbicides.)
producing

Methods
plants

should be developed

that

are

next

to

for marking berry

target

plants

rece1v1ng

treatment.
- Thickeners and other means of controlling drift should be used.
In the summer,

treatment should be restricted to morning or

evening hours to reduce the movement of volatile herbicides.
To minimize the potential for contamination of ground water and
surface

waters,

particular

attention

should

be

given

to

the

choice and use of herbicides in areas that may enhance their
mobility. As explained above, these include areas with steep or
long slopes, exposed bedrock, or soils with coarse textures or
low organic matter.
The

suggestion

has

been

made

to

minimize

frequency of herbicide applications.

by reducing

the

This idea is worth further study

in regard to railroad yards and lines,
every year.

impact

where herbicides are applied

Because of the pending regulatory questions,

has been suspended in some areas for the past 1-2 years.

spraying

During the

course of this study, visual inspection of the areas that have not been
treated showed some encroachment of vegetation along the sides of the
right-of-way.
track.

Occasional

plants

were

seen on

Although no surveys were made,

the

ballast

near

the

the intrusion of vegetation

appeared to occupy less than 5% of the area normally sprayed.

This

slow invasion of vegetation suggests that applications might be made
every two years instead of every year, without jeopardizing the safety
of railroad operations.
frequency

of

deeper-rooted

An objection has been raised that the decreased

treatment
perennials,

would
to

herbicides for their removal.

allow
invade,

additional
requiring

vegetation,
increased

including
amount

of

However, the amount of herbicides used
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every other year would have to be more than twice the usual amount

applied, to outweigh the benefit of decreasing the frequency of the

application to every other year.

Given that railroads currently have a

higher rate of application (in pounds of active ingredient) than any use

of herbicides in Massachusetts (except highway vegetation control), it

is unlikely

that this already high rate would have to be increased by

more than a factor of

2 to control the additional weeds.

Studies

comparing the effects of applying herbicides every year and every

other year should be conducted to determine the total amounts of

herbicides needed over time.

On utility rights-of-way, decreasing the frequency of herbicide treat

ments is not likely to decrease the total amount of h_erbicides used over

time and may even increase it.

On utility rights-of-way,

the total

amount of herbicides used is determined by the number of trees that

invade the right-of-way.

Assuming the treatment is effective,

each

tree receives one treatment. Theoretically, the same amount of herbicide

would be used over time if treatments were made--for example every
three years or every five years.

This assumes that the frequency of

application has no effect on the number of trees that invade over time.
In fact,

visual observation suggests

that rights-of-ways that were

treated every five to six years (due to budgetary constraints) resulted

in a greater number of invading trees than rights-of-way that were
treated more frequently (every three to four years).

The explanation

for this may lie in the importance of competition from desirable species

in the inhibition of tree invasion. With the additional growth that occurs

between treatments, larger trees take up more light, nutrients, and
moisture than younger, smaller trees.

Over time, eliminating the trees

with more frequent herbicide treatment may decrease this stress on the

surrounding desirable species and allow the surrounding vegetation to
become increasingly able to resist tree invasion.
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PHYSICAL ALTERNATIVES
The

alternative

rights-of-way

is

to

herbicide

the

use

use

of

in

the

physical

control

means

of

of

vegetation

killing

including chainsaws, larger cutting machines, and fire.

on

vegetation,

The following

section presents each of these and discusses their advantages and

disadvantages.
Handcutting

Cutting trees with chainsaws is the most common alternative to herbicide

use in controlling trees on Massachusetts rights-of-way.

This practice

involves severing trees near the base, and then cutting the tree into
sections that can be piled nearby.

( Sometimes the stump is then

treated with herbicides to prevent sprouting).

of using axes or chainsaws.

Girdling is another way

Girdling involves making shallow cuts

around the trunk to disrupt the flow of nutrients to the roots.

Chain

sawing also involves trimming trees that interfere with sight lines or
wires on railroad rights-of-way.

Most trimming involves removing side

branches of trees that extend into the right-of-way area.

The advantage of handcutting is that it avoids introducing chemicals

into

the

right-of-way

and

the

surrounding environment.

advantage is the degree of selectivity
careful

cutting

minimum damage.

using

small

chainsaws,

Another

that can be achieved;
surrounding

plants

with

suffer

A further advantage is that handcutting prevents

contact with wires when trees are at dangerous heights.
The disadvantages of handcutting are:

1. High cost (discussed in more detail below in the comparison of
alternative control measures).

2. The failure to control trees that sprout rapidly.
Massachusetts,

including oak

Many trees in

(one of the most common)

capable of sprouting from cut stumps.

are

Handcutting of these

trees results in an increase in the number of stems per acre.
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Because of the rapid growth of these sprouts, handcutting may

have to be done every year.
3. The

serious

hazard

to

workers.

Vegetation

Control Service,

based

worker's

A

Inc.

survey

of

workers

by

( conducted for this study)

noted 36 cuts from chainsaws during the period of 1976 to 1983,
on

employees.

compensation

data

for

a

total

of

21

Cuts to the leg, knee, hand, and head numbered

12, 14, 9, and 1, respectively.

Causes of chainsaw accidents

include loss of balance while using the saw,

skidding and

bounding of the saw, and extended follow-through of the saw

after severing the tree trunk.
of accidents.

"Kickback" is also a major cause

Kickback . is the sudden movement of the saw

upward and back toward the operator due to some interference
with

the

movement

of

the

chain.

Steep

slopes

are

a

contributing factor in chainsaw accidents, and handcutting 1s

not recommended on slopes greater than 30%.

also increase the likelihood of accidents.

Wet conditions

To minimize the hazards associated with handcutting, proper handling of

the chainsaw is necessary.

Important considerations include:

Starting and maintaining all cuts at full throttle;

staying clear of the path the saw will follow on completion of
the cut;

adjustment of the throttle speed so that the chain does not
move when the engine is idling;

starting the saw when it is on the ground
starts").

Recent

technological advances have resulted

considerably less likely to kickback.
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in chainsaws

no "hip

that are

However, it is likely that even

with proper handling and new technology,
accidents will continue to be high.

(i.e.,

the potential for serious

Mechanical Cutting

The use of larger machinery to cut vegetation on utility rights-of-way

includes:

Pushing, or uprooting the trees with a tracked vehicle equipped with

a push bar; the debris can be removed or left for slash disposal.

Erosion

controls must be used because of the severe disruption of the soil.

Scalping, or scraping off all plants and the top layer of soil.

method can be used only with young trees.

Erosion control measures must

be used and a considerable amount of valuable soil will be lost.

wheeled or tracked vehicles can be used.
rocks, wide moldboard plows are sufficient.

This

Either

On gentle slopes with few

On steeper slopes, the blade

should be mounted on a hydraulic hitch to allow raising or lowering.

adjustable bulldozer blade can also be employed if it is used with care.

An

Discing and plowing, or cutting and turning over vegetation and soil.

A variety of conventional tillage implements can be used.

scarifies the soil, so erosion control measures must be used.

This method

trees can be removed by this method.

Only young

Rollerchopping, or forcing shrubs and trees to the ground and cut

ting them into small pieces.

Pulled over an area with a tracked vehicle, a

roller chopper pushes the tree and cuts it with a blade mounted on heavy
metal drums filled with water.

removed by this method.

Trees up to 6 inches in diameter can be

Because it does not intentionally disrupt soil,

erosion problems will be less severe with this method than with other
mechanical methods.

Because the vegetation is cut up immediately, prob

lems of disposal and site appearance will be considerably lessened also.
Sheardozing, or severing all stems close to the ground.

Although

this method causes soil disturbance by uprooting some vegetation, disturb

ance can be minimized by waiting until the ground freezes before sheardoz

ing.

Stems up to 10 inches in diameter can be removed by this method.

Brushraking and root raking, or scraping up brush and roots and

removing cut material.

A tracked vehicle is used with a specially designed

toothed blade that uproots and removes brush, and a cutting bar attached
to the bottom of its teeth to sever roots below the soil surface.

Mechanical cutting on the ballast area on a railroad right-of-way is not

possible, because both above and below ground biomass must be killed
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without disturbing the ballast itself.

Control of trees and shrubs on the

side of the track can be done mechanically, however, using a high-rail
vehicle especially

designed

as

a brushcutter with

large

cutter

heads

mounted on flexible arms that can sever trees up to 14 inches in diameter

and cut a swath up to 28 feet on both sides of track centerline.

The benefit of mechanical cutting on both utility and railroad rights-of

way is that it avoids the introduction of chemicals to the right of way

while it decreases the danger to the operator imposed by handcutting tools
such as chainsaws.

The disadvantages of mechanical cutting, however,

include other safety problems caused by the use of machines with large
cutting blades.

in this regard.

The railway brush cutter may be particularly dangerous
.With its 7-foot cutting blades rotating at very rapid

speeds, vegetation and other material with which it comes into contact are

likely to spin off in all directions.

Personnel must walk the tracks along

with the vehicle, staying out of range of the flying material but close

enough to be able to warn people who may be near the right-of-way.

This

machine may pose a particular hazard to children in urban areas who may

use the railway as a play area, as well as those in rural areas who may
use the railway as a path to follow through wooded areas.

cutter was tried in Massachusetts,

When a brush

area residents complained about the

adverse aJthetic impact of the cut area and the lack of privacy resulting
I·

from the complete removal of vegetation.

Another disadvantage of mechanical control on both railroad and utility

rights-of-way is its failure to control trees that are capable of sprouting

from cut stumps.

As explained above in regard to handcutting, mechanical

cutting results in an increase in density of stems per acre.

On utility rights-of-way, another major disadvantage of mechanical cutting

is the lack of selectivity in vegetation removed.

Even on rights-of-way

with a low density of trees, mechanical cutting results in damage to large
areas of vegetation, especially since many of these machines leave a swath

of damage as they move from one target tree to the next.

Other problems with mechanical control include erosion of soils after

removal of vegetation and adverse aesthetic impact.

Erosion problems

occur with scalping, plowing, and other methods that disturb the soil.
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Adverse aesthetic impact can be expected from mechanical methods; they
tend to leave an area looking "bombed out. 11

Fire
As a control alternative, fire eliminates trees and if done periodically,
it tends to maintain a low growth of vegetation. Many species that are

desirable on rights-of-way spread by underground stems or roots and
are

able

to

tolerate

fire.

Controlled

burning

successfully on rights-of-way 1n New Hampshire

has

(Dr.

been

tried

David Olson,

University of New Hampshire, personal communication, 10/6/83).
Several experiments are underway to test the efficacy of burning on

rights-of-way at different times of the year.

Prescribed burning is done 1n four steps: planning, site preparation,
burning, and mopping up. Planning involves tactical preparations and
notification of appropriate authorities and local inhabitants.
Tactical

preparations include deciding upon the necessary weather and soil
conditions, planning the direction of the burn and the placement of fire

lines, notifying back-up forces in case the fire gets out of control, and
planning insofar as possible the strategies to be used should the fire
escape.

Part of site preparation includes the clearing of fire lines on either side
of the right-of-way.

Fire lines are strips at least several feet wide

that are cleared of all organic material down to mineral soil.

A power

line right-of-way would probably require one line on each outer edge
and periodic lines crossing the right-of-way, so that the area can be

burned· in blocks instead of 1n one long strip, which is harder to
control. The necessary width of the fire line must be calculated on the

basis of the height, density, and moisture of the vegetation to be
burned.

A common way to ignite fires is to use a drip torch, which drips
lighted fuel onto the

vegetation.

(Another method

recommended is to ignite the burn with a

11

which is not

Heli-Torch, 11 a helicopter

used by the Forest Service which drops flaming balls of napalm onto an
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area to be burned.)

A standard practice is to start the fire at the outside

edges of an area, and allow the burn to move towards the center, thereby

extinguishing itself due to lack of fuel.

To mop up afterwards, workers

must return to the site within hours or days after the fire and check for

smoldering ·remains.

Hand-operated weed burners can also be used as an alternative to herbi

cides on utility rights-of-way.

These high-intensity torches, also called

flame guns, consist of a fuel tank pressurized with a hand pump connected

to a hose, with a steel tube coil and spray plug which serves as a burner

head.

A small amount of fuel drips into the coil, where it is heated until it

vaporizes and produces a flame similar to a blowtorch.

The tree trunk is

girdled by the flame, destroying the conductive tis sue along the perimeter
of the trunk.

The method has been shown to be effective on white pine,

red maple, sugar maple, birches, aspen, red oak, white ash, and shagbark

hickory.

The advantages of this method are that it can be used year-round,

and it is less costly than cutting the tree or girdling it mechanically.

It is

particularly efficient at treating sprout clumps, since the flame easily wraps

around such smaller stems.

Young or thin-barked stems are lethally damaged

in 10 seconds or less, while larger stems or thick-barked trees require 20

seconds or more.

The disadvantages of this method are:

(1) it does not

control trees that sprout, and ( 2) it cannot be used in dry weather or
under other conditions of fire hazard.

On railroad rights-of-way, controlled burning was used historically to clear

vegetation (to reduce the chance of accidental fires from steam engines) •

A

current method for burning ballast areas is to use a track burner, a high
rail vehicle that runs on the tracks and has two arms, about 15 feet long,

which extend perpendicularly to the tracks.
torches which burn the vegetation.

These arms carry propane

The torches are so hot that the vegeta

tion itself does not have to carry the fire, so the burning can be done in
relatively wet weather.

This method requires two or three people on the

truck and two or three people to control the fire.

The advantages of controlled burning as a vegetation control technique are
that it avoids the use of herbicides and, at the same time,

favors the

establishment of desired herb and tree species that resist tree invasion.
Additionally,

prescribed

buildup of fuel,

burning

at

appropriate

(i.e., flammable plant material).
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intervals

will

reduce

This can be especially

important in dry, sandy areas, such as Cape Cod.

Over the. years, both

mechanical and chemical control can lead to a build-up of dead plant mate
rial on the right-of-way, resulting in a potential fire hazard which would be
eliminated by a controlled burn.
The disadvantages of controlled burning include the following:
1.

The greatest danger, of course, is the escape of fire.

Controlled

burning is usually done in large areas surrounded by a buff er of uninhab
ited land that could absorb a wildfire.
constitute narrow strips of land,

The rights-of-way in Massachusetts

often in urban and surburban areas,

without such buffer zones.
2.

Power may be interrupted.

In some controlled burns, the Forest

Service recommends shutting off the power in transmission lines that cross
the area to be burned.

This prevents electrical discharge between the

lines or between the lines and the ground, sometimes caused by the ionized
particles in the smoke which can carry the charge.
3.
tive.

The conditions needed for safe but efficient burning are restric
The moisture of the vegetation and soil must be low enough to allow

sufficient

combustion,

but high enough to avoid burning underground

rhizomes and soil organic matter.

Air temperature and wind patterns must

also be appropriate, and the best conditions for smoke dispersal may be the
worst for the escape of the fire.

Thus, there may be very few times of

the year when conditions are appropriate.
4.

Aesthetic impacts are another potential problem along rights-of-way

that are viewed frequently by large numbers of people.

Vegetation does

enter burned sites quickly, but even a few months of looking burned-over
may create sufficient public disapproval to restrict the use of fire.
5.

Air pollution is a problem, as fire smoke contains particulates,

nitrous oxides, ozone, carbon monoxide, and gaseous hydrocarbons.

The

high amounts of particulates can also restrict visibility near highways.
Other Physical Methods
A suggestion has been made to use physical barriers under the ballast on
rights-of-way to prevent emergence of weeds.

This approach would be

ineffective, since airborne seed introduction and build-up of debris from
introduced leaves and other organic matter would still allow weeds to
develop.

Periodic additions of extra ballast has also been suggested, but

this method is prohibitively expensive (it costs a minimum of $5000/ mile to
upgrade ballast) and would need to be done about every four years.
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BIOLOGICAL CONTROL ON RIGHTS-OF-WAY
Biological control is an attempt to control unwanted organisms by in

creasing the populations

of their natural

and

effective

enemies

and

competitors.

Based on an understanding of the ecology of the unwanted organism
its

surroundings,

biological

control

increases

the

pressures exerted by its natural enemies and competitors, thus keeping
the population of the unwanted organism at low levels.

The following

section examines this concept as it relates to vegetation control on
utility and railroad rights-of-way.

Appendix I, Chapter 3, provides

more detail on a number of topics discussed in this section.
Control by Natural Enemies
Biological

control

has

classically

involved

the

introduction

of

an

antagonistic species, such as the introduction of the nucleopolyhedrosis

virus for the control of gypsy moth.

For plants, antagonistic species

fall into two groups, grazers and disease agents.

A suggestion has

been made that grazers, e.g., goats or deer, could be introduced to

rights-of-way for vegetation control.

The difficulties and limitations in

this approach are too numerous to enumerate, but include an inability
to assure effectiveness, and a substantial cost and effort to keep the

grazers on the rights-of-way.

A more practical approach, at least theoretically, is the introduction of

plant

pathogens.

In

natural

systems,

a

number

of

tree

species

occasionally suffer high loss to wilts and other diseases caused by

fungi.

Severe dieback of ash has been achieved in nursery studies

when the trees are inoculated with a pathogenic fungus.

However,

even though potentially lethal pathogenic fungi exist for all the tree

species likely to be found on rights-of-way, the approach is not yet
practical for a number of reasons.

One reason is that most tree

diseases usually do not kill all, or even most, of their host species.

Most host plant species and plant diseases have evolved together to

form a stable long-term association.

is

likely

to

eliminate

the

other

In this association, neither species
in
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a

particular

area--either

by

destruction of all the trees by the fungus or by complete resistance of
the plant to the fungus.

Thus,

increasing

the

population of an

indigenous pathogenic fungus would not be sufficiently effective 1n

controlling trees on the right-of-way.

It may be possible to introduce a pathogen that has not yet evolved to

form a stable association with its host species, and thereby potentially

kill most of the trees on a right-of-way.

The obvious problem with this

approach is that anything that would kill a significant number of trees

on the rights-of-way would also kill a significant number of trees 1n

adjacent and surrounding areas.
introduced

fungal

pathogen

to

The Dutch elm disease, caused by an

which

the

elm

had

no

resistance,

provides an example of the rapid spread and large-scale decimation that
can occur upon the introduction of a pathogen.

Because fungi are

easily disseminated in the environment by wind, water, and insects, it
is unlikely that the introduced pathogen could be contained within the
right-of-way.

On railroad rights-of-way the introduction of antagonistic species 1s

even

more

limited.

The

goal

of

vegetation

rights-of-way is to eliminate all vegetation.

control

on

railroad

No super-pathogen exists

Conceivably, between 10 and 100

that will kill all species of plants.

different species would need to be released, increasing the danger of
the fungi spreading to adjacent areas beyond the right-of-way.

The suggestion has been made to use a certain kind of fungi that would

kill young seedlings and have a wide host range (hundreds or thou

sands of hosts), as a supplement to using herbicides or other means of

control.

These fungi ( which cause

II

damping off" of seedlings) could be

introduced to the railroad bed to prevent new seedlings from estab
lishing

in

the

cleared

area.

However,

the extensive

inoculation,

throughout the Commonwealth, of a fungus with such a wide host range

is bound to endanger local agriculture.

Furthermore, these fungi grow

best in moist, crowded conditions, which are not likely to be found on
railroad rights-of-way.
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Control by competition

Biological control also includes the regulation of unwanted organisms by

an

increase

organisms.
where

all

1n

the

competitive

pressures

exerted

by

surrounding

have

considerable

Although this concept is not applicable to railroad ballasts

species

must

be

eliminated,

it

may

importance 1n controlling vegetation on powerline rights-of-way and in

brush control on railroad rights-of-way.
Encouraging
maintaining

competition

the

growth

on

of

rights-of-way

so-called

II

means

desirable II

growing shrubs and herbaceous plants,

promoting

species,

and

1. e. ,

low

to the exclusion of trees.

Normally, shrubs and herbs are dominant only for a limited time, being

gradually replaced by trees.

This

change in vegetative communities,

II

succession II

involves a gradual

leading eventually

to a

community of trees that is able to maintain itself over time.

II

climax 11

Appendix

I, Chapter 3, contains a discussion of the various theories which have

been

advanced

to

explain

and

predict succession,

and

how

these

theories may relate to the control of vegetation on rights-of-way.

In

theory at least, biological control can be accomplished if the pre-climax

species ( shrubs and herbs) can become a stable vegetative community
successfully preventing the invasion of trees.

Stable vegetative communities have been identified by a number of

researchers.

Niering and Egler ( 1955) reported a stand of Viburnum

lentago in southwestern Connecticut that had no tree invasion for at
least 25 years.

Niering and Goodwin ( 1934) identified communities of

witch hazel, speckled alder, sheep laurel, and other species in various

parts of Connecticut that appeared stable to tree invasion for up to

several

decades.

In

another

study,

a

fire

line

was

cleared and

harrowed through a southeastern New York forest between 1934 and
1936.

In

one

segment,

a

complex

of stable tree-less communities

(including ferns, sedge and, bushes) resisted tree invasion until at

least 1953 (Pound and Egler, 1953).

Horsley (personal communication,

9/8/1983) described a power line right-of-way 1n Pennsylvania that had

been

sprayed

with

herbicides

once
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40

years

ago,

after

which

a

community

of

ferns

developed.

Tree

seedlings

germinated

in

the

community, but the seedlings did not emerge above the fern cover.
Mechanisms that may be responsible for the resistance to tree invasion
in these examples include the following:
1. Soil conditions that are unfavorable to trees but are tolerated
by a number of shrubs and herbs;

e.g.,

heaths may inhibit

tree invasion by the buildup of acid duff in the soil;
2. Grazing, e.g. , deer browsing of young trees;
3. Periodic fires;
4. Allelopathy (the production of chemicals by one plant that are
inhibitory to the growth of another plant); and
5. The "head start" provided by a pre-existing or rapid buildup
of a high density of shrubs and herbs, particularly those that
can spread by underground stems.
Herbicide

applications

and/ or

mechanical

mechanisms to inhibit tree invasion.

cutting

are

often

cited

as

On the surface this idea may seem

to be somewhat circular, i.e. , that tree invasion can be prevented b y
However, it appears that tree removal may give a

the removal of trees.

competitive advantage to desirable species by decreasing the moisture,
light, and other stresses imposed by the trees.

Over time, this may

promote an increasing density of desirable species, which may in turn
result in a slow decrease in the invasion of new trees.
Chapter

3,

presents

examples

in

which

periodic

Appendix I,

chemical

treatment

significantly decreased tree invasion over time.
A number of species commonly found in Massachusetts have been found
to be components of stable shrub communities.
number

of

blueberry,

these

species,

goldenrod,

little

Appendix II, in Chapter 3.

including

sheep

bluestem,

and

A brief discussion of a
laurel,
others

witch
is

hazel,

included

in

A common characteristic of these plants is

an ability to grow in a variety of conditions including low-nutrient soils
and wet or dry habitats.
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In the preparation of this report the following treatments

(and their

limitations) were identified that may be used to promote the growth of
desirable species and limit tree invasion:

1.

Planting indigenous species

Some species are limited in abun

dance by a low density of seeds, and would benefit by the addition of
seeds

to

rights-of-way.

cover

following

numbers.

Blackberry,

disturbance

if

its

for example,
seeds

If there are only a few seeds,

are

can

form a

present

1n

dense

sufficient

it can take much longer to

reach a high density (Bramble and Byrnes, 1982).

These authors make

a more general statement that species which produce abundant seeds at
the right time

(for example,

witch hazel which produces seeds in the

fall) often become prominent in the stable shrub communities.

Experts disagree on the efficacy of planting along rights-of-way.
Egler and Foote (1975) state that this approach is impractical because of
the amount of care
plants.

On

the

that

other

would be needed
hand,

Littlefield

to maintain
produced

a

the introduced
list

of

species

appropriate for planting on rights-of-way, including viburnums, bristly
locusts,

hawthorns,

hawkweed,

personal communication 10/3/83).

fireweed,

and

ferns

(L.

Littlefield,

Tilman (1976) planted several species

of plants on a southeastern New York right-of-way.
�

---

'

Because of the expense involved, it wou�bly not be practical to
introduce

whole

plan ts.

In traduced

species

should

be

restricted

to

those that can be seeded and which do not require soil manipulation or
great care.

The simplest technique is to broadcast seed (perhaps little

bluestem) along a right-of-way during the time in which trees are being
mechanically or chemically removed.
possible

1n

small,

ecologically

More intensive plantings might be

sensitive

areas

as

an

alternative

to

mechanical or chemical control.

2.

Soil amendments

A logical approach would be to amend the soil

to make it suitable to desirable species.
difficulties with this approach:
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However,

there are

several

Soil treatments that are of benefit to shrubs and herbs are

often of benefit to trees as well. For example, fertilization to

benefit bracken fern may also encourage oak.

Often, the principle components of stable shrub communities are
species that tolerate poor, acid soils.

These species might lose

their dominance if soil conditions were "improved" by additions
of fertilizers or lime.

Soil treatments that favor one set of desirable species may

hinder another.

For instance, some desirable grasses, such as

little bluestem, can be encouraged by liming.
can

damage

several

desirable

shrubs

such

However, liming
as

blueberries,

mountain laurel, and sweetfern, which prefer acid soils.

3.

Use of symbiotic fungi

Certain kinds of soil fungi called

"mycorrhizae" form symbiotic association with plant roots.

In these

associations, the plants provide the fungi with simple sugars while, 1n
return,

the fungus provides the plant with the phosphorus that it

absorbs from the soil.

Plants that enter into mycorrhizal relationships

are often able to grow faster and out-compete plants that are not

associated

with

mycorrhizae.

To

some

extent,

different

mycorrhizae are limited in the hosts that they can infect.

of mycorrhizae are of interest in regard to rights-of-way:

types

of

Three types

TYPE OF MYCORRHIZAE

ASSOCIATED PLANT SPECIES

Ectomycorrhizae

Oak,
beech,
alder,
spruce, hemlock.

VA (vesicular-arbuscular)

Maple,
cherry,
sassafras,
ferns, most herbs and shrubs.

Ericoid

Blueberry, huckleberry, lau
rel, azalea, rhododen dron.

pine,

Since VA and ericoid mycorrhizae infect primarily desirable species
(except

for

maple,

cherry,

and

sassafras)
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it

1s

conceivable

that

desirable species could be given a competitive advantage by increasing
the concentration of these mycorrhizae. At present, however, it is not

possible to produce large enough quantities of innoculum of VA or

ericoid mycorrhizae to consider adding these to the soil at levels above
those that naturally occur there.

Abbott Laboratories and Monsanto

Chemical Company are both attempting to produce large amounts of

VA-mycorrhizae, but costs are prohibitive.

For example, a 1-quart

feet of soil surface, costs approximately $25.

Another limitation is the

container of spores (in soil), sufficient to cover less than 100 square
lack of information regarding application techniques that will ensure the

success of the mycorrhizae in the field.
4. Fire

Many species that may be able to resist tree invasion are

favored by fire.
These species, which include little bluestem,
sweetfern, huckleberry, and sheep laurel, tend to appear on
burned-over sites soon after a fire.

Many of these species are colonial,

that is, they spread by underground or above-ground stems or roots,

which partially explains their ability to remain alive during fires and to
sprout afterwards. One way of encouraging species resistant to tree

invasion, therefore, may be to periodically burn the right-of-way.

The

benefits and limitations of controlled burning have been discussed

previously in this report. The conclusion of that discussion was that
the hazards associated with burning limit its use on rights-of-way.
Research in this area is currently underway, however, and the pos

sibility exists that controlled burning may yet be a means for encour
aging desirable species as well as removing trees.

5. Planting commercial crops So far, this investigation has evalu
ated treatments from the point of view of minimizing cost and effort.

However, use of the right-of-way to grow commercial species can also

be considered a form of biological control. Utility rights-of-way can be
used for pasture, farmland, or wood production.
Blueberries, for
instance, may be grown in areas with acid soils.

include

trees

grown

for

boards

and

Wood production can

Christmas

trees,

and for
reconstituted products, including paper and particle board. A pilot

study on wood production along Maine highway rights-of-way indicates
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that such an effort could be profitable within a few years (Hatton, 1982).

On utility rights-of-way, disadvantages of growing commercial crops include

the logistical problems of access and that,

for some crops,

the use of

chemical control agents would be greater than that currently used.
Conclusions Regarding Biological Control

A number of reviewers of the draft GEIR felt that the report was not

sufficiently enthusiastic about biological control.
1)

The draft concluded that:

Biological control is not a viable option for maintaining a vegeta

tion-free area on railroad rights-of-way.
natural biological occurrence,

A vegetation-free area is not a

and therefore it is difficult to find and

exploit a biological mechanism for its maintenance.
when

2)

A greater chance of success for biological control may be possible

considering

powerline

rights-of-way.

Competition

from

desirable

species should be encouraged as a biological mechanism for decreasing the
need for biological control.

Selective removal of undesirable species, by

either chemical or mechanical means, can be supplemented by the addition of

seeds of desirable species, improving soil conditions, and growing commer
cial crops where conditions permit.

The above statement regarding biological control on powerlines should have

been more strongly worded in spite of frequent admonitions throughout the
report to use competition from desirable species as the basis for any control
effort on powerlines.

This report strongly recommends biological control

when it is defined in this sense; i.e., as control by competition.

The term

"biological control" was not used because this approach usually is based on

the use of non-biological methods;· that is, the selective chemical or mechan

ical elimination of the undesirable species as the means to achieve control
by competition; and use of the term is therefore confusing, and
competition" or

Again,

II

II

control by

encouragement of desirable species II should be used instead.

this report strongly recommends a biologically based control of

undesirable vegetation on

utility rights-of-way by competitive pressure

exerted by desirable species.

It also recommends the elimination of undesir

able species by chemical or mechanical means as an important element in
achieving control by competition.

eliminate

undesirable species

minimal or nonexistent.

Once this is achieved, further need to

by mechanical

or chemical means

should be

This biologically based approach should be an

integral part of both utility and railroad (brush control) efforts.
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INFORMATION REQUESTED BY REVIEWERS
The review of the draft GEIR resulted in a number of requests for addi
tional information.

Some of that information has been integrated into other

sections of this report.

This section presents the remainder of that infor

mation as a series of short discussions.
Additional Information on Utility Practices
Information on

the practices

of the three major utilities

(which maintain

about 90% of rights-of-way in Massachusetts) is presented in the following
tables.

The first table shows the active ingredients used,

application,

and the mixtures used.

The second table,

the types of

provided by New

England Power Co., indicates which active ingredients are potentially usable
against which trees.
Railroad Practices
Additional information was requested on the vegetation control practices of
railroads; namely,
1)

How many applicators operate i� Massachusetts?

control vegetation on railroads in the Commonwealth:
Inc.

of Westfield,

Massachusetts,

and Asplundh,

Two applicators

Railroad Weed Control
Inc.,

of Willow

Grove,

Pennsylvania.
2)

How many track miles are treated with herbicides?

miles were identified as needing treatment,

In 1983,

480 miles were treated.

780
The

remaining 300 miles were not treated, due to proximity to water bodies.
3)

What is the frequency of treatment on various segments of track?

All track in Massachusetts is treated on an annual basis.
4)
used?

What mixtures of herbicides are used,

and how often are they

Mixtures are used in 100% of ballast control efforts.

Preemergent

treatment, done on 65-70% of the track miles, involves mixtures of atrazine
and diuron.

Postemergent treatment,

done of 30-35% of the track miles,

involves mixtures of atrazine, diuron, glyphosate, and sometimes metolach
lor.

Brush control is often limited to the use of glyphosate alone.
5)

How often is manual or mechanical control used, and what railroads

use this type of control?

No manual or mechanical control is done on
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UTILITY PRACTICES

Active ingredient
used and type of
treatment

New England
Power Company

Northeast
Utilities

Boston Edison
Company

Krenite - foliar
Tordon 101 (2,4-D
and picloram)
- foliar
Tordon RTU (2,4-D
and picloram)
- cut stump
Garlon 3A (triclop yr) - foliar
Garlon 4 (triclo
pyr) - selective
basal
Roundup ( glyphos
ate) - foliar

Triclopyr - basal
Dicamba - cut
stump

Krenite - foliar
Tordon 101 (2,4-D
and picloram)
- foliar
Triclopyr - basal
Tordon RTU (2,4-D
and picloram)
- cut stump

Ammonium sulfam
ate - cut strip
Krenite - stem
foliar

Acreage*
covered by:
backpack
hydraulic sprayer
manually cut

Mixtures used:

75%
25%
5%

1-2%

96-98%
1-2%

Tordon 101 and
Garlon 3A (2,4-D
and picloram),
and triclopyr

none

100%
15%

15%

Tordon 101 (2,4-D
and picloram)
Tordon RTU (2,4-D
and picloram)

*Acreage can total more than 100% because some areas are treated by more than one method.
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HERBICIDE EFFECTIVENESS
Tordon 101:

Ash - Resistant
Birch - Effective
Conifers - Effective

Maple - Effective
Oak - Moderately effective

Tordon RTU:

Ash - Moderately effective
Conifers - Unnecessary (except for Pitch Pine)

Maple - Moderately effective
Oak - Effective

Banvel 720:

Ash - Effective
Birch - Moderately effective
Conifers - Moderately effective

Maple - Moderately eff�ctive
Oak - Moderately effective

Banvel 520:

Ash - Effective
Birch - Moderately effective
Conifers - Effective

Maple - Effective
Oak - Moderately effective

Banvel CST:

Ash - Effective
Conifers - Unnecessary (except for Pitch Pine)

Maple - Moderately effective
Oak - Effective

Fosamine Ammonium:

Ash - Moderately effective
Birch - Effective
Black Cherry - Ineffective
Black Gum - Ineffective
Conifers - Moderately effective

Junipers - Ineffective
Maple - Moderately effective
Oak - Effective
Sassafras - Ineffective

GlY,Ehosate:

Ash - Effective
Birch - Effective
Conifers - Moderately effective

Maple - Effective
Oak - Effective

Triclo.eyr:

Ash - Effective
Conifers - Ineffective

Maple - Effective
Oak - Effective

ballast by any railroad in Massachusetts.
small

(e.g.,

Providence

and

Worcester)

Large

(e.g.,

railroads

use

mechanical controls and herbicides to control brush.
tion is available

on the

amount of brush control

Conrail)
both

and

manual/

No clear informa
that

involves

only

herbicides or only mechanical or manual effort; responses to questions
in this regard were that herbicides are of ten used as a followup treat
ment after mechanical/manual control.
6)

Is the use of fire currently an alternative in Massachusetts?

Apparently, there has been no use of ballast burners in Massachusetts,
although equipment is available.

The equipment is similar to highrail

vehicles used for herbicide application, with propane torches in place of
sprayers.

These torches provide a very hot, quick burn which is not

likely to smoulder and spread to adjacent areas.

Cost data were not

available, although railroad sources stated that costs would be "prohib
itive. 11

The National Railway Association could not name any manufac

turers of this equipment nor any railroad that used it.

The National

Railway Association stated also that control by fire could not be used in
any state which prohibited open burning, including Massachusetts.
7)

Why

ar�

such

high

vegetation control on ballasts?

rates

of

herbicide

application

used

in

No data were found that justified the
The need for such rates is highly

use of current rates of application.
questionable.
Highway Practices

A number of comments on the draft GEIR requested additional informa
tion

on use

of herbicides on highways;

specifically,

those comments

from
MEPA
Department of Public Health
Town of Belmont
Cambridge Water Board
Massachusetts Association of Conservation Commissions
Nashua River Watershed Council
Cape Cod Planning and Economic Development Commission
The process by which decisions are made at MDPW regarding vegetation
control
a

is as follows.

district

Each of the eight Districts of the MDPW

road-maintenance

engineer

75

who . inspects

highways

has
for

maintenance problems.

This person identifies areas that need treat
ment, specifies the type of control (e.g., manual cutting or a specific
herbicide) that should be used on that particular vegetation problem,

and estimates the cost for the treatment problem.

The Maintenance

Division at MDPW headquarters reviews these requests and allocates

portions of the total MDPW funds available for vegetation control to the

individual districts.

Since materials for vegetation control are pur

chased by the Maintenance Division before the start of the application
season, it is likely that there is an estimation on the amount of treat
ment and the herbicides to be used on a statewide basis with input from

the districts.

An inquiry was made at MEPA's request into the status of aminotriazole
(including Fenavar®, which contains aminotriazole) at the Massachusetts

Department of Public Works (MDPW) , given the evidence of carcinogenic

ity presented in the draft GEIR.

The Maintenance Division of the

MDPW stated that it would not be used in the next fiscal year (summer

of 1985) because of the decision on the part of EPA to restrict the

chemical (thereby requiring applicators of aminotriazole to be certified
in right-of-way maintenance) .

Prometon
Although originally considered for inclusion in this report, prometon

was dropped from the list. Ciba-Geigy is not marketing prometon for
right-of-way use since it recognizes there are more cost-effective
alternatives.

According to a company spokesman, prometon has not

been used for right-of-way use in Massachusetts for a considerable

time, and they do not expect any significant use in the future.
still registered for use on rights-of-way.

It is

Outline for Long-range Management Plan
The following is a brief outline of the important steps in assuring

minimal need for vegetation control when creating a new right-of-way.
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The utility plan presents the important activities of the first 10-12
years. The railroad plan takes a different approach, discussing mate

rials which could be added to the ballast upon creation of the right

of-way, or with more difficulty, at a later stage. The ideas presented
for utility rights-of-way were generated by the author in a previous
study (Arthur D. Little, Inc., 1979). The ideas presented for railroad

ballasts, however, were generated by the author without benefit of
sufficient previous study.

No written material or current research was

located on the ideas presented.

Utility rights-of-way and brush control along railways
Purpose:

To increase competitive pressure exerted by desirable

Methods:

1)

species and thereby decrease the need for vegetation control.
Maximize

sunlight

penetration

(most

undesirable

species are shade-tolerant, whereas desirable ones often are not); 2)

chemically kill roots of any undesirable trees capable of sprouting; 3)

seed or plant desirable species or increase their density through soil

manipulations.
Plan:

1) Overall approach is to give the desirable species a good

·start by paying close attention to the right-of-way in the first five
years. After 10 or 12 years, the right-of-way should approach stabil
ity and require minimal effort because of a low density of undesirable
species.

Specific Approach:

tration.

Year 2:

Year 1:

Clearcut to maximize sunlight pene

Chemically treat stump of any trees capable of sprouting.

Years 3-5: Deplete seedbank of undesirable trees by cutting or
spraying (should be done yearly or every other year to prevent seed
lings from shading desirable species). Also seed, plant, or otherwise
encourage desirable species.
Years 6-12:

ous seeds.

Treat every three years to deter invasion of exogen

Continue to chemically kill roots of sprouting trees.
Year 12 Onward: Monitor and cut or treat every three to five
years as necessary. Need for control (stems/ acre) should decrease
slowly.
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Ballast of railway
To deter plant invasion, to prevent soil buildup, and to

Purpose:

remove plants as they appear.
1) Generate inhospitable conditions for plants by adding

Methods:

materials to the surface of the ballast which increase stress on plants;
2) decrease the rate of soil generation through the addition of materials
which deter microbial degradation; 3) remove vegetation manually or by
fire or chemical treatment as necessary.
The overall approach is to discourage seeds from germinat

Plan:

ing on the ballast.

It is important to prevent the plants from invading

so that subsequent soil buildup does not occur.

Soil buildup greatly

accelerates the further invasion of plants by providing favorable sites
for

seed

germination.

Currently,

this

preventative

effort

has

been

The alternative suggested

based on the use of preemergent herbicides.

here is to prevent invasion by making the ballast more inhospitable;
i.e., more stressful to plants,

and by decreasing the rate of organic

decomposition which precedes soil buildup.
vegetation would

be

removed

and

If vegetation appears,

additional

efforts

to

slow

the

organic

decomposition would be made.
Specific Plan:
plant

stress,

such

Add materials to the ballast which would increase
as

a)

adsorbants

and

chelators,

e.g.,

activated

charcoal and EDT A, respectively, to compete for nutrients; b) absorb
ants, e.g. ,
material,

silica gel particles, to compete for moisture; c) any black

e.g.,

low-grade

coal,

to

increase

surface

temperatures.

Closely monitor the ballast for plant invasion and remove as necessary.
The most effective means of removal would be manual, if care were
taken to remove as much of the root system as possible.

While costs

for manual removal would be prohibitive if done by the railroads them
selves, cooperative agreements with towns to maintain the track acreage
within that town could be a source of economical labor.

A number of

such agreements have recently been made between towns and utilities to
maintain powerline rights-of-way.

Particular attention must be paid to

the issue of safety when considering similar arrangements on railroad
rights-of-way.
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If manual removal was not possible, treatment with fire or herbi
cides would be necessary.
spot

treatments

may

If herbicides were used, it is possible that

be sufficient.

Instead

of

using

a

conventional

sprayer which distributes material across the entire track, spot treat
ments could be done as they are on utility rights-of-way; i.e., applied
by individuals using sprayers connected to a vehicle carrying herbi
cide.

At a place needing

direct

the

sprayers

at

treatment,

the invading

invading vegetation encroaches slowly
selective

treatment of these

one

or more individuals

vegetation.
from

Since

the sides of

most
the

could
of

the

ballast,

areas may alleviate problems which fre

quently trigger a treatment of the entire ballast.
Because removal

by fire or herbicide

would leave much of

the

organic material remaining, efforts must be made to slow organic decom
position leading to soil buildup.

Some of the stress-inducing agents

(adsorbants, chelators, heat absorbers, etc.) would also deter microbial
activity.

Additional deterrence should be provided by adding a slow

release bacteriastatic material similar to those in many household prod
ucts.

This should

be done along

without plant invasion,

the entire ballast,

even in areas

because of the buildup of leaves,

spores,

and

other organic material deposited on the ballast.
The long-range plan would be to add more stress-inducing and
bacteriastatic material, and remove vegetation only as necessary.

The

frequency of these various activities is difficult to assess because this
approach has yet to be tested.

Several years of testing will be neces

sary to see if this approach; i.e., eliminating the need for preemergent
herbicides by making the ballast less conducive to plant invasion and
by

decreasing

organic

decomposition,

will

be

an

effective

means

of

the interactions

of

controlling vegetation.

Synergism
A

number of

reviewers expressed

concern

about

herbicides with each other and with other man-made compounds.
who expressed such concern included:
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Those

Department of Public Health
Towns of Belmont, Somerville, and Plainville
Massachusetts Association of Conservation Commissions
Vietnam Veterans of America
University of Massachusetts Cranberry Station
Citizens for Safe Use of Pesticides
Citizens Pesticide Council
Massachusetts Audubon Society
Goodwin, Proctor, and Hoar
Lindsay Martuci
Michael Rose bury
The toxicity of two chemicals used in combination can sometimes be

roughly predicted from the relative toxicities of each alone.

The acute

oral LD 50 of Tordon 101, for example, is 3080 mg/kg in rats.

The LD

50's for 2,4-D and picloram, individually, are 375 mg/kg and 8200

mg/kg.

Such an interaction is termed 'additive.'

Sometimes, however,

the interaction results in an unexpected increase or decrease in toxic

ity.

An increase in toxicity occurs when an interaction is 'synergistic,'

a decrease in toxicity occurs when an interaction is 'antagonistic.'

Predicting the result of exposure to more than one chemical is difficult

because of the complexity of possible interactions within the body.

When the body is exposed to a chemical, a series of chemical reactions
controls the amount and rate of input to the body, transport and

storage within

the body,

metabolic

breakdown,

adverse effect at the target site, if any.

excretion,

and

the

Two chemicals may interact

synergistically or antagonistically when they affect the same set of

reactions at any of these stages of response.
synergism

depends on the importance

of

that

The magnitude of the
set

stage

of bodily

response as a limiting factor in the toxicity of either of the chemicals.

For example, if one chemical is limited in its effect primarily by its
inability to pass through the skin, and another chemical increases the

absorptive capacity of the skin, a significant synergistic effect may be
observed.

However, if the first chemical was limited in its effect by

enzymatic degradation, something which increased the absorptive capac

ity of skin would have much less of an effect.

One of the difficulties in predicting interactive effects is due to a
change

in

limiting factors

associated with
-
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changes in age, sex, and

physiological condition of the organism.

Thus, at one time, the organ

ism may be able to metabolize a herbicide, while at a more advanced
age, without a full set of necessary enzymes, the organism must rely on
tissue storage for protection.

At this later time, a synergistic inter

action could result from an exposure to a second herbicide competing
for tissue-binding sites.

A frequent type of interaction occurs when one herbicide affects the
enzymatic activity responsible for metabolizing another. Furthermore,
this enzymatic activity is often the limiting step in determining the

response of an organism.

These interactions can be particularly diffi

cult to predict, since:
1) either chemical may increase or decrease the numbers and kinds
of available enzymes,

2) the enzymes affected may either detoxify or activate one or

both herbicides,

3) the sequence and timing of the exposure to the herbicides can

determine which enzymes are affected and whether they are increased
or decreased by the interaction.
This last complication arises in part from 'induction' of enzymes; i.e.,
exposure to a herbicide may trigger the induction of enzymes which are
capable of metabolizing it.

If the induced enzymes are non-specific

(e.g., the hepatic microsomal oxidase enzymes, which are important in

the oxidation of a wide range of foreign compounds), the organism may

more quickly metabolize another herbicide upon exposure. In this case,
the interaction would be antagonistic.
Timing is critical, however,

since induction of the important enzymes may not occur until hours or
days after exposure to the first chemical, or only after chronic expo
sure. Timing can also be important when one compound inhibits an
enzyme after an accumulation of metabolic products.

Necessary enzymes

may not be available upon subsequent exposure to another chemical.
Lastly, if the exposure is simultaneous, competition for existing enzyme
binding sites can occur, leading to a temporary increase in toxic

response if the enzyme system is overloaded. The effect in this case
will depend in part on the relative affinities of the two chemicals for
binding sites.

Interactions which occur at the target receptor

( i.e.,

the cell which

ultimately is harmed by the toxin) are less common than those which are
involved 1n absorption,

distribution,

and metabolism.

At the target

receptor, many interactions are competitive, since the harmful effect of
various toxins is often similar.
antagonistic.

The interaction, therefore, is commonly

Exceptions can occur when two compounds act differently

on a single system.

A well-known example is the exposure to organochlo

rine insecticides, which cause hyperexcitability and increase the neuro
transmitter

acetylcholine,

and

organophosphate

insecticides,

which

increase the acetylcholine by preventing its degradation by cholines
terase.
The effect of herbicides on sensitive populations can be considered a
type of (potentially) synergistic interaction.
another chemical,

however,

Instead of interacting with

the herbicide interacts with conditions of

the body which increase its susceptibility to the herbicide.

Sensitive

populations may include people who are ill, _taking medication, pregnant,
old,

dieting,

malnourished,

and those with genetic traits that impair

their ability to tolerate foreign compounds.

Some reviewers suggested

that all humans should be considered members of a sensitive population.
Since the limiting mechanisms which enable the body to tolerate individ
ual chemicals are not well understood, and because these limiting mecha
nisms may change with the individual and his physiological condition,
the suggestion to consider all humans as sensitive has merit.

However,

the need still exists to consider a category of people who may be more
susceptible to herbicides than others.
Effects

of

attention.

herbicides

on

sensitive

populations

has

received

little

Most toxicological studies are designed to test the effect of a

chemical on normal,

healthy organisms.

A great deal of attention is

given to assuring that laboratory organisms are not in a weakened state
which

might

predispose

them

to

show

a

harmful

effect.

The most

conservative test for toxicity, however, would use subpopulations which
are particularly vulnerable to harm.

These subpopulations would have

to be defined for each chemical based on the particular response of the
organism to that chemical.

Sensitive organisms would be those that

had:
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1) an increased likelihood of absorbing the herbicide,
2) a decreased ability to detoxify or excrete the compound,

3) an increased sensitivity of the receptor site, and
4) a decreased ability to tolerate the effect at the receptor site.
Unfortunately, the number of physiological states which would contrib

ute to these sensitivities are too numerous to test.

At best, a thor

ough risk assessment will identify the numerous diseases or genetic

impairments which involve the receptor site affected by the particular
compound being studied.

Any information located in the course of this study on the potential

synergistic interactions of the fourteen herbicides and their effects on

sensitive populations is included in Appendix II.

Degradation

A number of reviewers stated that insufficient information was provided

on the degradation of herbicides.

Degradation of herbicides proceeds by a variety of mechanisms, such as
microbial or chemical degradation and photolysis.

Microbial degradation

is probably the most important in the breakdown of the fourteen herbi

cides addressed in this report, especially once the herbicides reach the
soil.

Bacteria and fungi in the soil will break down the herbicide molecule in

a series of steps which often begins with such simple changes as the

removal of a hydroxyl group and proceeds to more difficult steps such
as the cleavage of a ring structure.

Numerous microbial species are

usually involved in the breakdown of a particular herbicide.

A variety

of species are often available which can perform the first, and easiest,

breakdown steps.

As the steps become more difficult,

degradation

becomes slower and more dependent on the availability of particular
types of microbes, and thus on the particular conditions of the soil.

Ideally, degradation proceeds until the products are those which are
-
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ubiquitous in nature, such as carbon dioxide and water.

2,4-D, for

instance, breaks down completely in a variety of soils into products like
succinic acid normally found in those soils.

Most herbicides probably

do not break down this completely, although few have been studied as
thoroughly as 2,4-D.

More likely, degradation proceeds until microor

ganisms capable of degrading them further are not available and the
residue, called a terminal residue, remains as is for a considerable time

in the soil.

One common fate of these terminal residues is incorporation

into soil humus or even in to the biomass of the microbes themselves.

In the water, microbial degradation occurs in both the water and on

suspended particulate matter-.

on suspended matter differ,

Since microbial populations in water and

the rates of microbial degradation will

depend to some extent on the amount of particulate material and the

tendency of the herbicide to be adsorbed to the material.

The amount

of dissolved oxygen is also important, because it determines to some
extent the microbial populations that will be present in that habitat.

It

also determines the type and rates of enzymatic activity since the
activity of many enzymes depends

on oxygen availability.

Finally,

dissolved organic matter, such as humic acid or petroleum contaminants,

is also important because it can change the solubility and availability of
the herbicide.

Increased solubility and availability may be kinetically·

more desirable since the microbes have access to higher concentrations.

However, concentrations can increase to levels which are toxic to the

microorganisms.

In both soil and water,

the ability of microorganisms to degrade a

chemical depends to a large extent on the structure and complexity of

the molecule.

There are a few rough 'rules of thumb':

1) Aromatic hydrocarbons (i.e., those with rings) are more diffi

cult to degrade than compounds made up of chains, such as alkanes.

2) Branched chains are more difficult to break down than straight

chains.

3) Within the aromatics, benzene, a single unsubstituted ring, 1s

more difficult to degrade than polycyclic compounds

(more than one

ring) or substituted rings (with radicals such as hydrocarbon chains
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attached).

Addition of chlorine significantly decreases the biodegrad

ability of any ring structure.

The degradation products formed by microbial metabolism or other forms

of decomposition may be substantially different from the parent com

pound,

or very similar.

More importantly,

increase or a decrease in toxicity.

they may result in an

Photodieldrin, a product of both

photo- and microbial degradation of dieldrin, is a well-known example of
a degradation product which is more toxic than the parent compound.

Also, metabolic products can be more toxic than the original compound

after it is activated by enzymatic activity.

As shown in Appendix II, there are often several degradation products
which have been identified for a particular chemical.

The toxicity of

many of these degradation products has not been studied.

Additional

information in this regard was located during the preparation of the
final GEIR and has been included in Appendix II.

Drift

Some comments on the draft GEIR requested that additional information

be provided on the potential for herbicides to drift.

groups that made this request were:

Specifically, the

DEQE Office of Research & Standards
Natural Resources Commission
Smithsonian Institute of Environmental Research
Goodwin, Proctor, and Hoar
Towns of Southampton, Westport, and Plainville

Drift is the movement of herbicide by air currents to locations outside

of the target area.

Drift has always been a concern in the application

of herbicides because of the potential injury to plants outside the local

area and because of the potential harm to humans and other organisms.

An important factor in assessing the potential for drift is the particle

size of the herbicide droplet.

considered drift safe.

Droplets above 500 microns are generally

Using large droplets, however, may result in
-

85

increased amounts of herbicides applied to the rights-of-way,

since

smaller droplets facilitate greater coverage per volume of herbicide,

especially in foliar applications.

Application equipment often allows the

user to choose the desired droplet size, to the extent that a small
stream of herbicide may be released, rather than a spray.

Thickeners

1n the tank mix also contribute to the creation of large droplet sizes.

It should be noted that a range of particle sizes is likely to be released

by most equipment, even at settings which increase particle size.
proportions of different particle sizes, however, will vary.

The

The vapor pressure of the herbicide and its carrier is particularly

important, since it partly determines the decrease in size of the particle

as it moves away from the target area.

A volatile herbicide 10 um in

diameter will take hours to evaporate completely, while a nonvolatile
herbicide of the same size would take months to evaporate.

The vapor

pressure of the carrier is also important, since it determines to a large

extent ·whether the carrier moves with the herbicide or independent of

it.

Highly volatile carriers such as kerosene may volatilize quickly and

move large distances in vapor form.

Detecting the carrier by smell

therefore may or may not mean that the person is also in contact with

the herbicide.

That person would be in contact with both the herbicide

and the carrier if 1) the exposure included droplets as well as vapors,

2) the vapor pressure of the herbicides and the carrier were similar, or
3) the evaporation of the carrier reduced the particle size of the mix

ture to such an extent that it was entrained in the air and carried with
the vaporized carrier.

Other important factors include weather conditions and types of appli
cations.

The most important weather condition is probably wind, includ

ing its speed, direction, and turbulence.

Temperature is also impor

tant, since volatility increases with temperature.

the other hand,

tend to decrease volatility.

Humid conditions, on

Sunlight can make a

difference if the herbicide is susceptible to photolysis, since photolysis

can decrease the concentrations in the air as well as on leaf surfaces
where further evaporation could take place after application.

-

86

Types of application are also important.

Drift is most likely in foliar

application where the herbicide must be sprayed into the air in smaller
droplets than used in other types of application.

Drift is less likely to

occur in basal application where a more directed spray is applied at the

base of the plant.

The least chance for drift occurs with cut stump

treatments or the use of pellets,
slowly over time.

although herbicides may evaporate

Commonly, damage to vegetation adjacent to rights-of-way is used as an

indication of drift.

However, small droplets in a strong or turbulent

wind may result in concentrations of herbicide in air that are too low to
visibly affect surrounding vegetation, even though measurable amounts

may be moving off the right-of-way.

_The significance of long-range

movements from the target site of low concentrations of herbicide 1s

unclear.

Because herbicides are applied for only a short time and 1n

a small area, the concentrations of herbicides which will result on a

regional

level

are

probably

insignificant.

A

greater

potential

for

problems exists in areas close to the rights-of-way where levels too low

to cause visible vegetation damage may be high enough to affect humans

and other organisms.

Diquat applications are of particular concern,

since information from Chevron Chemical Company states that "breathing

spray mist may cause nasal, throat, and respiratory tract irritations."
The situation is less clear in regard to the other herbicides.

Acute

effects are generally not likely to occur; however, scientific questions
remain concerning the concentrations of a chemical and frequency of

exposure likely to cause long-term effects.

Surfactants

A number of comments on the draft GEIR requested additional information

on inert ingredients in herbicide formulations, specifically adjuvants and

surfactants.

An adjuvant is any material which increases the bioactiv

ity of the active ingredient.

Surfactants, also known as surface active

agents, are compounds that reduce the surface tension between two
liquids or between a liquid and a solid.

(The term

II

surfactants" actu

ally describes two sets of compounds--one which facilitates mixing of
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the active ingredient in its carrier and one which increases the contact
and absorption of the active ingredient on the surface of the leaf.

the first sense,

emulsifier. )

In

a surfactant accomplishes the same purpose as an

Both surfactants and adjuvants are numerous and varied in their chemi

cal structure.

In fact, there may easily be more surfactants in number

than pesticides as a class of compounds.

Without knowing the chemical

structure and mode of action, it is difficult to generalize about their

environmental impact,

except to say that surfactants are likely to

increase mobility by facilitating the movement of herbicide with the flow

of water.

(On the other hand, if the surfactant is designed to increase

absorption by target plants, it may result in less active ingredients
released to the environmenL)

Reviewers of the draft

GEIR were

particularly concerned about bee toxicity; again, it is not possible to

assess

this

without

specific

tests for

bee toxicity.

( Such

tests,

however, have been done for diesel oil, another concern of reviewers,

and the carrier has been found to be toxic to bees.)

As indicated in

Appendix II, toxicity to fish has been associated with surfactants used

in a glyphosate formulation.

As of this writing (June 1984) , Monsanto

is still using this surfactant in its glyphosate formulation.

During the preparation of the draft GEIR, very little information was

found on the toxicity or mobility of the various inert ingredients used

in the herbicide formulations.

The Commonwealth does not routinely

require information on the inert ingredients of a herbicide formulation.

Only when a particular herbicide is designated as being of concern will
the Commonwealth decide what additional information is required from

the manufacturer.

If necessary, additional information required may

include data on the effects of the inert ingredients in the formulation.

(On a routine basis, the only data required by the Commonwealth to

register a herbicide is a copy of the label, a technical data sheet, and
a copy of the registration form.)
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Risk Assessment
In

the review

of the draft

GEIR,

a question

was raised regarding

whether exposure to these herbicides will result in harm to humans or
other organisms.

This question must be answered on a case-by-case

basis.
Given the scope of this report,

it is not possible to assess whether

exposure will result m a physiological response.
would require an answer to two questions:

Such a determination

1) what amounts of herbi

cide reach people by various routes of exposure, and 2) would those
amounts trigger a physiological response?

The first question requires a

model for each route of transport, shown in Table 5.

These models

would have to estimate the amount of herbicide remaining after various
dispersion and degradation mechanisms acted on the herbicide en route
from

the

site

physiological

of

application.

response

to

the

The

second

estimated

another kind of modeling effort.

question,

exposure

predicting

levels,

the

requires

For the various toxicity tests (chronic

oral, teratogenity, subchronic inhalation, etc.), "no-effect levels" need
to be determined;

i.e., the highest dosage level at which no adverse

effects are observed.

After dividing by a safety factor (commonly 100

or 1,000), an allowable daily intake level would then need to be deter
mined for each route of exposure.

These levels must then be compared

to the predicted exposure level to determine the probability that a
physiological response might occur.

Data Checklist
Reviewers requested that a checklist of required information be pro
vided so that new herbicides can be evaluated as they enter the mar
ket.
The following is a checklist of the types of information which should be
considered when evaluating a pesticide.

The list is taken from EPA' s

delineation of data, which· must be submitted as part of a registration
application.

Not all information is required by EPA for every product

or use.
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Product Information
Product identity and disclosure of ingredients
Description of manufacturing process
Discussion of the formation of unintentional ingredients
Declaration and certification of ingredient limits
Product analytical methods and data
Physical/ chemical properties:
Color
Odor
Melting point
Solubility
Stability
Octanol/water partition coefficient
Physical state
Density or specific gravity
Vapor pressure

pH

Dissociation constant
Flammability
Oxidizing or reducing action
Explosiveness
Miscibility
Viscosity
Corrosion characteristics
Toxicity

Acute oral toxicity
Acute dermal toxicity
Acute inhalation toxicity
Primary dermal irritation
Dermal sensitization
90-day oral toxicity
21-day dermal toxicity
9 0-day dermal toxicity
90-da y inhalation toxicity
Acute delayed neurotoxicity
90-day neurotoxicity
Chronic feeding test
Oncogenicity
Teratog enicity
Reproduction
Mu tagenicity
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Ecological Effects
Acute avian toxicity
Avian dietary toxicity
Avian reproduction
Wild mammal toxicity
Simulated and actual field tests on mammals and birds
Acute fish toxicity (warm- and cold-water fish)
Acute toxicity to aquatic invertebrates
Acute toxicity to estuarine and marine organisms
Effects on early life stages of fish
Effects on fish lifecycle
Effects on acquatic invertebrate life cycles
Accumulation in aquatic organisms
Simulated or actual field tests on aquatic organisms
Honeybee acute contact toxicity
Honeybee toxicity of residues on foliage
Wild bee toxicity of residues on foliage
Honey bee subacute feeding toxicity
Field tests on pollinators
Acute toxicity to aquatic insects
Aquatic insect lifecycle effects
Simulated or actual field tests on aquatic insects
Effects on predators and parasites
Target area phytotoxicity
Non-target area phytotoxicity:
Seed germination/ seedling emergence
Vegetative vigor
Aquatic plant growth
Field studies on terrestrial and aquatic plants
Metabolism and Residues
Uptake, distribution, and metabolism in plants
Metabolism in food-producing animals
Domestic animal safety
Analytic methods for residue analysis
Residues in:
Potable water
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Fish
Processed foods
Raw agricultural commodities
Meat, milk, poultry, and eggs
E nvironmental Fate
Hydrolysis
Photodegradation in water, soil, and air
V olatiliz ation
Aerobic and anaerobic soil metabolism
Aerobic and anaerobic aquatic metabolism
Effects of microbes on pesticide
Effects of pesticide on microbes
Leaching and adsorption/ desorption
Field dissipation in terrestrial and aquatic systems, forests, and in
long-term studies, and as combination and tank mixes
Accumulation in rotational crops (confined and field), in irrigated
crops, and in fish and aquatic invertebrates

The Regulation of Pesticides in Massachusetts
Several

reviewers

asked

for

regulation in Massachusetts.

more

information

regarding

pesticide

The following section was written by the

Massachusetts Department of Food and Agriculture.
In

order

to

understand

the

current

pesticide-regulatory

scheme

in

Massachusetts, it is necessary to take a brief look at the history of the
regulation of pesticides in the United States.
History of Federal Regulation of Pesticides
The

U.S.

R odenticide

Congress
Act

passed

(FIFRA)

in

the

Federal

1947.

This

Insecticide,
law

gave

Fungicide

the

mandate

regulating pesticides to the U.S. Department of Agriculture

and
for

(USDA).

The law required federal registration of pesticides and specific labeling
on each product to facilitate its identification as it was distributed from
one state to the next.
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The requirements for pesticide registration at that time consisted of
efficacy data and some acute and chronic toxicity data.

In 1970, the Environmental Protection Agency (EPA) was formed and

given broad jurisdiction to regulate the presence of chemicals in air,
soil, and water.

Part of these duties was to regulate pesticides, with

the mandate coming from two laws:

1) the amended FIFRA (1972 and

1978) and 2) the Pesticide Amendment to the Federal Food, Drug and

Cosmetic Act (FFDCA).

The amended FIFRA greatly increased the data requirements needed to

support pesticide registration.

It also established two categories of

pesticide classification, general use, and restricted use.

General-use pesticides are generally available for purchase by anyone,

and there are no restrictions for use except those specified on the
label.

Restricted-use pesticides can only by sold by licensed dealers,

I

can only be purchased by certified individuals and can only be used by

[
t

(The license and certification process is explained below.)

•,

either a certified individual or someone under their direct supervision.

The amended FIFRA also included a mandate to each state for the
development of a state plan to enforce FIFRA and to license I certify

dealers and applicators.

The Pesticide Amendment to the FFDCA established limits (tolerances)
for pesticide residues in food or feed crops.

lished by the EPA and are enforceable.

The tolerances are estab

The monitoring of foods to

ensure compliance is conducted by the Federal Food and Drug Adminis

tration (FDA) in their Market Basket Survey.

Federal Pesticide Registration Process
1.

Registration.

The amended FIFRA (1978) requires that registrants

submit certain data to support the registration of any new pesticide
products.

These requirements were only recently finalized in
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regulations

(40

include data

CRF

on

Part 158,

product

49

FR 42881,

chemistry,

residue

October 24,
chemistry,

1984)

and

environmental

fate, toxicology, reentry protection, spray drift, effects on wildlile and
aquatic organisms, and more.
The

regulations

identify

documents

Guidelines as listing the

11

•

•

known

as

Pesticide

Assessment

standards for conducting acceptable

•

tests, guidance on evaluation and reporting of data, definition of terms,
further guidance on when data are required, and examples of acceptable
protocols. 11

These guidelines are available through the National Techni

cal Information Service,

5285 Port Royal Rd.,

Springfield,

VA

22161

(703/487-4650).
2.

Re-registration.

The amended FIFRA (1978) requires that the EPA

review all pesticide active ingredients registered on or before January
1, 1977, through the Registration Standards Program.
"The Registration Standard Program involves a thorough review of the
scientific
cation

data base underlying pesticide regulations and an identifi

of

essential

but

missing

studies

which

may

not

have

been

required when the product was initially registered or studies that are
now considered insufficient."

(Taken from the preamble of one of the

Registration Standards issued.)
Once the EPA has assessed the data supporting the registration of an
active ingredient, a document is issued (a Registration Standard) which
details

the

pesticides

federal

regulatory

containing

that

position

active

for

ingredient

the

registrations

along

with

the

of

all

rationale

behind this position.
3.

Special

(Rebuttable

Review.

This

Presumption

consider new information
human

health

or

the

process--formerly

Against
regarding

known

Registration)--allows

as

EPA

to

a potential for adverse effect

on

environment

registered or reregistered.
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of

a

chemical

the

RPAR

which

has

been

The criteria ("triggers") which must be met or exceeded in order for a
pesticide to be placed on Special Review have been identified in regula

tions (40 CFR 162.11).

The Special Review process involves three stages and can take up to

several years before a regulatory decision is made.

History of Massachusetts Regulation of Pesticides
The

Massachusetts

Department of Public

Health

(DPH)

was

given

authority to regulate pesticides in the early 1960s through Chapter 94B

of the Massachusetts General Laws.

The Pesticide Board was placed in

the DPH in 1962 and was given the mandate to register pesticides and
control the use and application of pesticides. In 1963, the Common

wealth began a program to license and train pesticide applicators.

The Pesticide Board was moved from the DPH to the newly formed

Department of Environmental Quality

Engineering

(DEQE) in

1975.

However, the administrative duties concerning pesticide registration
(mail-out of applications, receipt of fees, approving applications)

remained in the Division of Food and Drug of the DPH.

In 1978, in response to the amended FIFRA mandate to states to develop

a state plan to enforce the federal law and to maintain a licensing/

certification program, the Massachusetts Legislature passed the Massa
chusetts Pesticide Control Act (MPCA, Chaper 132B of the MGL). This
law placed the Pesticide Board in the Department of Food and Agricul
ture (DFA), with the day-to-day work carried out by the Pesticide
Bureau.

Present Pesticide Regulatory Scheme in Massachusetts
Through the MPCA, there are three entities involved in the Massachu
setts pesticide-regulatory scheme--the Pesticide Bureau, the Pesticide
Board, and the Pesticide Board Subcommittee.

1.

Pesticide Bureau.

The Bureau has five main functions:
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1)

Licensing/Certification Program.

The Bureau maintains a pro

gram to license and/or certify individuals who wish to use pesticides
commercially,

sell

restricted-use

restricted-use pesticides.

pesticides,

or

purchase

and

use

There are four categories of licensing/cer

tification.
The process requires that an individual purchase the appropriate
study manual from

the Cooperative Extension Service,

study it,

and

then take the exam for the license or certification category of interest.
Once the exam has been passed, the individual is eligible for a license
or certification.
2)

Enforcement.

The

Bureau enforces both the FIFRA and the

MPCA by conducting routine inspections and investigations of use/mis
use pesticide applications.
Routine inspections include inspecting establishments which manu
facture pesticides, retail outlets which sell general-use pesticides, and
outlets managed by licensed dealers which sell restricted-use pesticides.
Use/misuse investigations involve answering consumer complaints,
observing

pesticide

applications

by

licensed/certified

individuals

to

ensure compliance with the label and laws, and inspecting the records
of pesticide application at com mercial-applicator establishments.
3)

Registration.

In

the Fall of

1982,

the administrative duties

surrounding the registration of pesticides was moved from the Division
of Food and Drug (DPH) to the Bureau.
applications,

receipt

re-registrations

and

only

is

processing

carried

out

of
by

Therefore, the mailing out of
fees,
the

and

Bureau.

the

approval

of

(See Pesticide

Board Subcommittee.)
4)

Education.

As a part of a state agency,

the Bureau is obli

gated to educate the general public on the proper use and handling of
pesticides.
5) Staff to the Pesticide Board and Pesticide Board Subcommittee.
The Bureau provides a variety of support functions for the Board and
Subcommittee.
2.

Pesticide Board.

Section 3 of the MPCA establishes a Pesticide

Board consisting of 13 members:

six ex-officio members representing
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various state agencies, and seven gubernatorial appointees representing

various interest groups.

The Board meets approximately six to eight times a year. The
functions of the Board are to approve of Department (Bureau) regula
tions and policies and to act as an appeal board for grievances incurred

as a result of Bureau enforcement actions or Subcommittee registration
decisions ( see below) •
3.

Pesticide Board Subcommittee.

Section 3A of the MPCA establishes

a Pesticide Board Subcommittee consisting of five members, all of which

are on the Pesticide Board.

'

I

The five members include four ex-officio

members and one gubernatorial appointee.

The function and responsibility of the Subcommittee is to register

all pesticides distributed, sold, or used in Massachusetts.
Since the Subcommittee only meets between 10 and 12 times a year,

it has delegated to the Bureau the authority to approve pesticide
re-registration applications ( those products which were registered the

previous year in the Commonwealth). New pesticide product registra
tions are reviewed by the Subcommittee prior to approval or
disapproval.

The Subcommittee is also responsible for registering Experimental

Use Permits (EU Ps--permits granted by the EPA to allow the use of a
pesticide to generate data to support an eventual, "normal" registration
application) and Special Local Needs Registrations ( SLN s or 24Cs--the
mechanism by which a state can register a use of a product not on the
federal registration of that product to meet a Special Local Need).

It should be noted that the FIFRA allows states to be more restric

tive than the EPA regarding the registration status of pesticides in that
particular state.
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EVALUATION OF ALTERNATIVES
The choice of the best alternative for a particular right-of-way segment
depends on a number of conditions, such as
- weather conditions

- season of the year

- difficulty of the terrain
- cost-effectiveness

- potential for impact.

This section presents a discussion of the chemical and physical cont�ol
alternatives with regard to these considerations.

Biological control is

not evaluated as an alternative in this section because, as discussed

above, it is not yet a possible replacement for chemical or physical

alternatives.

Fire is also not included in this evaluation because,

again, current research has not progressed far enough to alleviate the
concerns about its use as a control measure in Massachusetts.
Flexibility

Part of the choice of the best alternative involves constraints imposed

by difficult terrain, by particular seasons of the year, and by adverse
weather conditions.

Table 7 shows the limitations imposed by these

considerations on such alternatives as hand-cutting and mowing, and
various methods of herbicide application.

Information on some of the

more commonly used herbicides is also included.
As shown in Table 7,

hand-cutting and mowing

mechanical control) are primarily limited by terrain.

(as an example of

Hand-cutting with

chain-saws becomes dangerous in areas with steep slopes, especially if
they are wet.

Mechanical control must have a firm, reasonably flat

surface for operation, and therefore its use is limited 1n rocky areas,

in areas with soft or wet soils, ledges and steep slopes, and in areas
with stumps.

Physical control methods are not limited by season or

weather exc_ept by deep snow cover.
The constraints on chemical
weather or season.

control

methods are often imposed by

Foliar sprays, of course, can be applied only
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TABLE 7
LIMITATIONS IMPOSED BY WEATHER, SEASON AND TERRAIN
Conditions Under Which Treatment CANNOT Be Used*

Treatment

Weather

Season

Terrain

Deep snow cover

No limitation

Steep slopes, wet sites

Physical
Handcutting
Mowing

II

II

Soft, wet sites, rocks
ledge, steep slopes,
stumps

Chemical
AE_Elication Method
Foliar -

Basal

Powered
Backpack

Rain, high wind

Late fall/winter/ early
spring

No limitations

Hydraulic

Rain

Late fall/winter/early
spring

Very steep slopes, large
rocks , wet sites

Backpack

Rain/snow/ deep snow
cover

No limitations

Standing water

Hydraulic

Cut stump treatment

II

II

II

High sap flow in late
winter, early spring

* Information. provided by the New England Power Company
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Standing water, very
steep slopes, large rocks
wet sites
No limitations

TABLE 7 (CONTINUED)
LIMITATIONS IMPOSED BY WEATHER, SEASON AND TERRAIN

Conditions Under Which Treatment CANNO T Be Used

Treatment

Weather

Season

Terrain

Individual Herbicides
®
Tordon 101 (2,4-D
and picloram)

Rain

Fall/winter and early
spring

Steep slopes near sensitive
areas, standing water

®
Tordon RTU (2,4-D
and picloram)

Rain/snow/deep snow
cover

High sap flow in late
winter, early spring

No limitations

. ®
K rerute

Rain

Fall/winter/ spring/ early
summer

Directly into water

Fall/winter/ early spring

Steep slopes near
sensitive sites

No limitations

Steep slopes near sensitive
sites, standing water

High sap flow in late
winter early spring

No limitations

Rain

Fall/ winter/spring

Standing water

Rain/ snow I deep snow
cover

No limitations

Rain

Fall/winter/ early spring

®
Banvel 720 (dicamba
and 2,4-D)
®

Banvel 520 (dicamba
and 2,4-D)
Banvel CST

®

®

( triclopyr)
®

Garlon-3A

Rain/snow/deep snow
cover

(dicamba)

Roundup® (glyphosate)
Garlon-4

II

(triclopyr)

II

II

Standing water

during the summer or late spring or early fall and are limited by rain
and wind conditions that would result in reduced coverage of the leaves
and movement away from the target plant.

When hydraulic sprayers are

used, terrain considerations become important, as the maneuverability of
the machinery is limited in wet areas and in areas of very steep slopes
and large rocks.

Basal spraying can be done at any time of the year

except during periods when the lower part of the stem is covered by
deep snow.

Bas�_ spraying 1s also limited by rain and snow,

could wash the material off

of the bark during or

which

after application.

Cut stump treatments can also be performed at any time of the year

'

C

except for a brief period in late winter or early spring when high sap

•

flow prevents the translocation of the herbicides into the roots.

IC

Like

basal treatment, treatment of cut stumps is not possible during periods
of deep snow cover or when rain or snow would wash the material from
the stump surface.

Table

7

terrain

shows that
vary

the limitations imposed by weather, season,

considerably

with

individual

herbicides.

and

Kreni te®,

for

instance, can be applied only late summer, during the formation of buds
for next year's growth.
of

application.

rights-of-way

Other herbicides are limited by their method

Tordon
as

a

cut

RTU

®

stump

(2,4-D

and

treatment,

picloram)

and

thus

is

cannot

used
be

on

used

during periods of high sap flow as explained above.

Cost
The

following tables present

cost

various types of rights-of-way.
tion

of

vegetation

rights-of-way

may

control
differ

estimates

of

various

treatments

of

They can be used as an overall indica

costs,

although

considerably.

The

individual
primary

segments
factor

of

which

accounts for this variability is the number of stems per acre, or the
degree

of

stability

of

the

right-of-way.

An

"out-of-control"

right-of-way may have as much as one stem per square foot while a
stable right-of-way may have only a

few stems per acre.

While the

out-of-control right-of-way could require use of a large scale rotary
mower

followed

by

an

extensive

herbicide

treatment,

the

stable

right-of-way may be maintained by one person with a back pack sprayer
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TABLE 8
COST ESTIMATES
Type of
Right-of-Way
Utility

Utility

Tyee of Treatment
Herbicide

Mechanical

Cost

Specific Conditions
or Treatment

$90/acre

Source of
Information
New England Power and
Massachusetts Electric

$60-92/acre

See table

New England Power and
Massachusetts Electric

$55/acre

On a stable row
(low stems/acre)

Boston Edison

$35-88/acre

See table

USDA information as reported
by Arthur D. Little, Inc.
(1978 data)

$SO/acre

Tordon 101®
Kuron®
(1.01 gal. /acre)

Vegetation Control Services,
Inc. (1978 data)

$60/acre

Tordon 101®
( 1. 46 gal. /acre)

Vegetation Control Services,
Inc. (1978 data)

$77/acre

Krenite®
(0. 8 gal. /acre)

Vegetation Control Services,
Inc. ( 1983 data)

$57/acre

Krenite®
(0 • 3 gal. /acre )

Vegetation Control Services,
Inc. (1983 data)

$160-250/acre
$170/acre

New England Power and
Massachusetts Electric
Stable right-of-way
(low stems/acre)

Boston Edison

TABLE 8 (CONTINUED)
COST ESTIMATES
Type of
�ight-of-Way
Utility

Utility

TY.Ee of Treatment
Mechanical
(continued)

Manual Cutting

Specific Conditions
or Treatment

Cost

Source of
Information

2.5 times cost of
herbicide treat
ment for any
given row

Northeast Utilities

$183/acre

National Rural Electric
Cooperative Assoc. Survey
(1977)

$150-200/acre

Arthur D • Little report
(1979)

$500/acre

New England Power and
Massachusetts Electric

$125/acre

Stable right-of-way
(low stems/acre)

Boston Edison

$100-400/acre

Citizens for Environmental
Protection, Charleston,
W. Virginia (landowner
demonstration project)

4. 8 times cost
of herbicide
treatment for
any given row

Northeast Utilities

$657/acre

National Rural Electric
Cooperative Assoc.
Survey (1977)
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TABLE 8 (CONTINUED)
COST ESTIMATES

Type of
Right-of-Way

!.Y.£e of Treatment

Cost

Utility

Manual cutting

$800-1000/acre

Railroad

Herbicide on
ballast

Brush controlherbicide

Brush controlbrush cutter

Brush controlmanual

Specific Conditions
or Treatment
Extreme or out-ofcontrol right-of-way
(high stems/acre)

$160/mile

---

$78/mile

---

$200-300 I mile

---

$60-160/mile

---

$1750/mile

---

$800/mile

---

$200-6500/mile

---

$1300/mile

---

Source of
Information
Arthur D. Little Inc.
report (1979)
Providence & Worcester
Railroad Co.
Providence & Worcester
Railroad Co.
Providence & Worcester
Railroad Co.
Massachusetts Railway
Assoc.
Providence & Worcester
Railroad Co.
Providence & Worcester
Railroad Co.
Massachusetts Railway
Assoc.
Massachusetts Railway
Assoc.

TABLE 9
HERBICIDE COST PER ACRE BY TYPE OF APPLICATION*

Herbicides

Type of Treatment

(b )

Quantity of Spray
per Acre

Average Cost
per Acre
$ 40.06

Foliar

2 4-D
dicamb a
Tordon 101@
plus picloram )
4-D
2,
(

$26.03

200 gal.
(diluted)

Basal

2,4-D
dicamba

$56.31

80 gal.

$85.05

2,4-D

$56.31

45 gal.

$47.84

Stump spray after
cutting

(a)

Average Cost
per 100 Gal.

Includes cost of 80 gallons of oil at $0.50 per gallon.
Includes cost of 45 gallons of oil at $0.50 per gallon.

* USDA data reported

by

Arthur D. Little, Inc.

( 1979 )
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( a)

(b )

TABLE 10
SPECI FIC RIGHTS -OF-WAY OF NEW ENGLAND POWER COMPAN Y:
COST PER ACRE OF VARIOUS TREATMENTS

Method/

Material

Acres

Cost

Fitchburg/

Krenite®

319 A

$25,100

$78.68

Warwick/ Gardner

Krenite®

245 A

$19,200

$78.37

Athol

Krenite®

90 A

$ 8,300

$92.22

Erving/
Petersham

Krenite®

375 A

$20,924

$55.80

Vernon, Vt./

Krenite®

78 A

$ 6,050

$77.56

Brattleboro/

Garlon 3A®

243 A

$14,692

$60.46

No. Reading

Handcutting

10.9 A

$ 5,492

$503.85

Mullbury

Tractor mowing

11.4 A

$ 3,146

$276.00

Oxford

Tractor mowing

10.5 A

$ 1,669

$159.00

Charlton

Tractor mowing

10.6 A

$

Area

Ashburnham

Warwick

Bellows Falls

890

Cost/ Acre

$84.00

(Herbicide cost includes some handcuttings at streams, gardens, etc.)
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or chain saw walking the right-of-way,

eliminating individual trees.

Another important factor in cost is the amount of clean-up required,

i.e., whether chipping or removal of brush is included in the cost
estimate.

Labor intensive clean-up efforts can easily double the cost of

the control treatment.

Some reviewers of the draft GEIR questioned the reliability of the

sources of cost data included in the draft since they were provided by

those who have a vested interest in showing that non-herbicide controls
are unreasonably expensive,

i.e.,

utilities and railroad companies.

These data sources were used because in general they are the only

ones who are generating and recording cost data.

One interesting

exception is the data from Citizens for Environmental Protection from
Charleston, West Virginia.

Manual control costs from their landowner

demonstration project ranged from $100 to $400 I acre compared to $125 to

$657 / acre estimated by utilities and their associations.

Environmental Impact

The impacts of the herbicides covered in this report are addressed in

the literature review presented in Appendix II and in the summaries of

that literature provided in a

previous section.

The

environmental

impacts of physical control methods (excluding fire) include a number of
minor impacts

such

as increased noise and air pollution from the

machines, and one major impact--the likelihood of causing accidents to
workers.

Further comparison of these different types of impact 1s

presented below in regard to policy evaluation.
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RECO MMENDATIONS

The

information

recommendations
Massachusetts.
been

compiled
for

in this report

the

use

This policy

assembled

for

this

of

was

used

herbicides

on

to

develop

policy

rights-of-way

in

was developed by a task force that has
purpose.

The

task

force,

representing

environmental groups, utility and railroad companies, applicators, local
officials,

and

various

state

agencies,

among

others,

generated

the

fallo wing document.

Introduction

Lately, despite the fact that herbicides are used for many other purposes
as well, public concern has focused on the use of herbicides to maintain
utility and railroad rights-of-way.

The use of herbicides on rights-of-way

to control vegetation accounts for approximately 17 to 29 percent of the
total use of herbicides in Massachusetts.

In order to estimate the potential environmental impact of herbicides to
maintain utility and railroad rights-of-way in Massachusetts, the Execu
tive Office of Environmental Affairs commissioned the preparation of a
Generic Environmental Impact Report on this subject.

Preparation of

the Report has been overseen by the MEPA Unit of EOEA with financial
support provided by

the Department of Food and A griculture.

The

MEPA Unit also assembled a Task Force representative of the full range
of interests concerned with herbicide use to review the Impact Report
and to recommend policies the state should pursue with respect to the
control of herbicide use.

The Task Force has considered four general questions in its effort to
translate the findings of the Impact Report into policy recommendations.
These are:

1.

Should the state program for regulating the use of herbicides on
rights-of-way be upgraded?
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2.

Should

the

state

establish

procedures

that

will

streamline

and

coordinate the regulation of herbicide use?
3.

Should

the

state

promote

the

use

of

"integrated

management

techniques" for the control of vegetation along rights-of-way?
4.

Should the state classify or group herbicides according to common

'

characteristics and regulate them accordingly?
In each case,

the Task

Force considered how such recommendations

would be implemented if the answer were yes.

C

The Task Force answered

the first three questions with a resounding yes.

The fourth question

could not be satisfactorily answered at this time.

The recommendations

and how they would be implemented are discussed below.

The recommenda

tions should be understood as a whole and implemented in that fashion.
Selective

implementation

would

eliminate

the

spirit

and

elements

of

compromise which have led to its endorsement by the Task Force.

•

The six recommendations are:

1.

THE EXISTING STATE PROGRAM WHICH REGULATES THE APPLICATION
OF HERBICIDES TO RIGHTS-OF-WAY SHOULD BE SIGNIFICANTLY
ENHANCED.

2.

THE STATE SHOULD REQUIRE THE USE OF INTEGRATED MANAGEMENT
TECHNIQUES FOR RIGHT-OF-WAY MAINTENANCE BY REQUIRING
COMPLIANCE WITH APPROVED VEGETATION MANAGEMENT PLANS
BY ALL RIGHT-OF-WAY OWNERS.

3.

THE STATE REGULATIONS SHOULD DEFINE GEOGRAPHIC AREAS
OF

SPECIAL

SENSITIVITY

TO

HERBICIDE

APPLICATIONS AND

RESTRICT SUCH APPLICATION IN THESE AREAS.
4.

THE COMMONWEALTH OF MASSACHUSETTS SHOULD COORDINATE
ITS EFFORTS WITH THOSE OF LOCAL GOVERNMENTS TO ESTABLISH
PROCEDURES

THAT

WILL

STREAMLINE
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THE

REGULATION

OF

HERBICIDE APPLICATIONS.
REQUIREMENTS

THE SUBSTANTIVE AND PROCEDURAL

OBTAINING

FOR

AN

APPROVED

VEGETATION

MANAGEMENT PLAN SHOULD INTEGRATE THE INTERESTS OF
THE WETLANDS PROTECTION ACT AS THEY PERTAIN TO VEGETATION
MANAGEMENT ON RIGHTS-OF-WAY.
5.

THE STATE SHOULD ESTABLISH PROCEDURES WHICH GUARANTEE
AMPLE OPPORTUNITY FOR PUBLIC REVIEW AND COMMENT ON
RIGHT-OF-WAY MAINTENANCE PLANS AND THE REGULATIONS
WHICH GOVERN THEM.

6.

REVIEW OF THE CHEMICAL AND OTHER PROPERTIES OF PESTICIDES
SHOULD TAKE PLACE IN THE PESTICIDE REGISTRATION PROCESS
AND IN CONSIDERATION OF VEGETATION MANAGEMENT PLANSo
CLASSIFICATION OF HERBICIDES ACCORDING TO CERTAIN OF
THEIR SIMILARITIES SHOULD BE GIVEN FURTHER CONSIDERATION
BY STATE REGULATORS.
REGULATIONS

FOR

HOWEVER, PROMULGATION OF NEW

CONTROLLING

HERBICIDE

APPLICATIONS

SHOULD NOT BE DELAYED NOR DEPEND UPON SUCH CLASSIFICATION.
Attachment One lists the members of the Task Force.

Recommendation 1
THE EXISTING STATE PROGRAM WHICH REGULATES THE APPLICATION
OF

HERBICIDES

TO

RIGHTS-OF-WAY

SHOULD

BE

SIGNIFICANTLY

ENHANCED.

Discussion
An enhanced state-level program regulating methods used to control
vegetation along utility and railroad rights-of-way is urgently needed.
The quality of current right-of-way maintenance practices varies, even
within existing regulations and guidelines o

110 ,

An effective and reliable

state-level program will alleviate the need perceived now by some for

aggressive efforts to regulate these practices at the local government
level.
Citizens, local officials, state officials, utilities, railroads,
herbicide applicators, and environmental groups will all most certainly

benefit, albeit in different ways, from a strong, comprehensive state

regulatory program.

The goal of an enhanced, state-level regulatory program should be to
eliminate threats to public �ealth and the environment that might be

caused by herbicide application and, wherever possible, encourage the

use of alternatives to herbicide use.

The public's interest in adequate

protection of public health should be accorded consideration equal to

'

C

..

•

the consideration given to adequate right-of-way maintenance in public

policy decisions.

In practical terms,

application of herbicides to a minimum.

the program should keep the

••
•

The success of the regulatory program recommended here depends on

the submission of detailed reports on planned activities by utilities and

railroads which must be reviewed, approved, and monitored by technically

qualified personnel at the state level.

This workload will require

allocation of additional staff to the state agency(ies) reponsible for
carrying out the program.

Given the difficulties of securing additional

staff through the state budget process, attention should be given to

mounting a unified broad-based campaign to secure support for funding
these positions. All interests will be served by capable implementation
of this program.

All will be harmed if this is not achieved.

Implementation Steps
1.

The goals of the regulatory program should be embodied in statutory
and regulatory language so that the authority to promulgate and
enforce the program is unambiguous and widely recognized.

2.

The Department of Food and Agriculture, with the approval of the

Pesticide Board, should promulgate new regulations that keep the
111
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application of herbicides to a minimum and encourage the use of
"integrated management techniques".

( See Recommendation 2 for

the details of this program.)

3.

The Legislature should increase appropriations for at least eight
(8) new positions in the Department of Food and Agriculture to
enable

the

department

these recommendations.

a)

to

implement

the

programs called

for

in

These new positions would provide:

capability in environmental analysis to carry out reviews
and approvals of Vegetation Management Plans (2 positions);

b)

enforcement capability to insure compliance by right-of-way
owners

with

Vegetation

Plans

(3

positions:

programs

to

coordinate

Management

2 inspectors and 1 attorney);
c)

capability

in

public

information

public reviews of Vegetation Management Plans (1 position);
and

d)

capability in analysis of toxicology and environmental fate
to carry out pesticide product assessments for the Pesticide
Board (2 positions).

4.

The Legislature should increase appropriations for at least three
new positions in the Department of Environmental Quality Engineering
to enable the Department to implement the programs called for in
these recommendations.

a)

for

increased

evaluate

the

These new positions would provide:

hydrogeological
extent

of

areas

capability
which

to

identify

contribute

water

and
to

public water supplies (1 position);

b)

for increased toxicological capability to analyze the charac
teristics of herbicides (1 position); and
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c)

for increased staff in the Division of Wetlands to review
and approve Vegetation Management Plans for compliance

with the regulations adopted pursuant to the requirements
of the Wetlands Protection Act (1 position).

dation 4, Steps 3 and 4.)
5.

(See Recommen

As soon as possible, the Pesticide Board should conduct an in-depth

review of current procedures for registration of pesticides in
Massachusetts.

This review should clarify the relationship between

the registration procedures of the U.S. Environmental Protection

'

t

Agency as well as the current registration practices of the Board,

identify chemicals which pose unacceptable public health risks,
and, wherever possible, improve current registration practices.

•

C
C

•,
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Recommendation 2
THE STATE SHOULD REQUIRE THE USE OF INTEGRATED MANAGEMENT
TECHNIQUES

FOR

RIGHT-OF-WAY

MAINTENANCE

BY

REQUIRING

COMPLIANCE WITH APPROVED VEGETATION MANAGEMENT PLANS BY

ALL RIGHT-OF-WAY OWNERS.

Discussion
The quality of current right-of-way maintenance practices varies, even

within existing laws and regulations.

Therefore the state should require
that all utilities and railroads who maintain rights-of-way submit Vegeta

tion Management Plans.

The Plans should cover the entire right-of-way

system owned and operated by the utility or railroad within Massachu

setts, document how the goals and regulations of the state program will

be met, and should be kept current. The Plans should provide justifica

tion for any proposed herbicide use.

The Plans should demonstrate

that integrated management practices (i.e. the use of non-herbicide
control practices wherever possible) are being practiced.

No applica

tion of herbicides should be allowed in the absence of a state-approved
Vegetation Management Plan.

The requirements of the plan should be

enforceable under provisions of the Massachusetts Pesticides Control
Act.

The obligation to obtain an approved Vegetation Management Plan should

be applicable to all rights-of-way operators, including state agencies

and authorities.

Implementation Steps
1.

Vegetation Management Plans should include four parts:
A) Vegetation Management Master Plans

The Master Plan should be filed by each utility and railroad

with the Pesticide Board and DEQE and should describe the

overall approach each one will use to control vegetation along
their right-of-way, including
1)

The reasons for managing vegetation.

2)

The goal of the plan (e.g. elimination of tree species,

encouragement of low growing plants, vegetation free

areas, etc.) •
3)

The methods of vegetation management proposed and

'

C

conditions under which each method would be used.
Type of equipment used for each method.
a)

b)
c)

Hand cutting

Mechanical cutting

Herbicide treatment by type:

- Basal

- Cut surface
- Foliar
- Soil

4)

Discussion of the rationale for selection of one manage

5)

Characteristics of herbicides to be used.

6)

Methods for control of herbicide drift.

7)

Special treatment strategies for sensitive areas

8)

Summary discussion of environmental impacts of management

9)
10)

ment method over another.

(See Recommendation 3.)

plan.

Average treatment cycle.
Persons, and their qualifications, who will develop and

administer the plan.
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2.

The state should examine the application of herbicides to rights-of-way �

not owned or maintained by utilities and railroads (most notably,

those maintained

by

highway departments)

and

determine

the

extent to which the requirements of this regulatory program should

be applied to all right-of-way owners and operators.

Recommendation 3
THE STATE REGULATIONS SHOULD DEFINE GEOGRAPHIC AREAS OF

SPECIAL SENSITIVITY TO HERBICIDE APPLICATIONS AND RESTRICT

SUCH APPLICATIONS IN THESE AREAS.

Discussion
The regulations should prescribe that these areas be treated in special

ways to minimize any potential harm to public health or the environment
which could be caused by inappropriate herbicide applications.

Some of

these areas may be best restricted from any herbicide applications at

all.

Some may be restricted to specific methods of application and

specific herbicides.

Implementation Steps
1.

The sensitive areas subject to special restrictions ought to include,
though not be limited to, the following :
a)
b)

zones of contribution to public water supplies as defined

by the DEQE;

private wells and water supplies;

c)

shorelines and tributaries of surface public water supplies;

e)

open water (lakes and streams) ;

d)
f)

areas identified by DEQE as potential future water supplies;
gardens and broad-leafed crops in the growing season;
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g)

residential areas, designated parks and recreational areas,

i)

schools, hospitals, and other structures used by sensitive

k)

and public gathering places;

populations ;
wetlands;

critical biological areas (e.g. habitats for rare and endan-

gered species) ;

1)

estuaries;

n)

and

m)

In

dormant season;

h)

j)

2.

other crops in growing season, and broad-leafed crops 1n

C

wildlife management areas;
other areas

Board.

addition

to

designated

defining these

by

the

Pesticides

sensitive areas,

the

Control

regulations

should establish distances within some or all of these sensitive

areas where general applications may not take place.

The remainder

of these sensitive areas should be subject to special precautions

3.

..

established by the Department of Food and Agriculture.

C
0

Procedures should be established in the regulations to allow for

-,

expansion or contraction of the distances from the center of sensi

tive areas based upon a petition showing special circumstances or
based upon the development of new scientific information.

4.

'

Within those distances where no herbicide use is otherwise allowed,

some restricted use of herbicides may be allowed if, and only if,

the owner has demonstrated to the satisfaction of the Department

of Food and Agriculture that no alternative means of control is

available and that there is an overriding public hazard resulting
from the lack of herbicide application.

However, this provision

should not be applicable to areas subject to the Wetlands Protection

Act as determined by the DEQE based upon review of Vegetation
Management Plans.
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Recommendation 4
THE COMMONWEALTH OF MASSACHUSETTS SHOULD COORDINATE ITS
EFFORTS

WITH

THOSE

OF

LOCAL

GOVERNMENTS

TO

ESTABLISH

PROCEDURES THAT WILL STREAMLINE THE REGULATION OF HERBICIDE
APPLICATIONS.
FOR

THE SUBSTANTIVE AND PROCEDURAL REQUIREMENTS

OBTAINING

AN

APPROVED

VEGETATION

MANAGEMENT

PLAN

SHOULD INTEGRATE THE INTERESTS OF THE WETLANDS PROTECTION
ACT AS THEY PERTAIN TO VEGETATION MANAGEMENT ON RIGHTS-OF-WAY.

Discussion
A cooperative relationship between state agencies and local governments
should be reflected in the design of an enhanced,
program.

state regulatory

The state agencies responsible for approval of utility and

railroad plans for control of vegetation along rights-of-way must insure
appropriate opportunity for public comment

and review

of proposed

plans, during which time local regulatory and other concerns should be
focused.

The objective of these coordinated efforts should be to avoid

duplicative regulation.
The state should encourage cooperative agreements between utilities or
railroads
manage

and

vegetation

herbicides.
on

municipalities
through

and
the

landowners
use

of

along

rights-of-way

non-chemical

alternatives

to
to

The acceptability of these agreements depends in each case

the resolution of

issues

dealing

with

third-party

liabilities

landowner consent, difficult but not unsurmountable problems.

and

It may

not be advisable to implement such agreements for the most heavily
traveled railroad lines.
Implementation Steps
1.

The state agencies should integrate the interests and requirements
of all state-level regulatory programs dealing with herbicide applica
tion on rights-of-way in one approval process.

118

2.

The regulations which provide for approval of Vegetation Management
Plans by the Department of Food and Agriculture should be conditioned
on review and approval by the Department of Environmental Quality
Engineering (DEQE) of those portions of the Plans that deal with
wetlands.

The DEQE should be required to certify to the DFA

that these portions of the Plans will result in compliance with the
substantive and procedural provisions which protect the interests
of the Wetlands Protection Act.

If the regulations are so drawn,

activities under a Plan approved by DEQE would not constitute an
alteration of wetlands as defined under the Wetland Protection Act
regulations.

3.

If possible,

the DEQE should establish and publicize criteria for

evaluation of herbicide applications in wetlands which foster consis
tency in the review and approval of Vegetation Management Plan s.
Such criteria would assist local Conservation Commissions in cases
where they were reviewing a Request for Determination of Applicability
of the Wetlands Protection Act with regard to activities called for

The state should allow municipal

governments and/ or landowners

along rights-of-way to submit proposed alternative,
vegetation
prefer to
own.

management
undertake

plans

to

utilities

and

right-of-way maintenance

non-chemical

railroads

if

programs

they

of their

These proposals should explain why the proponents believe

their management program is needed.

The owner/ operator of the

right-of-way should have the burden of showing why such plans
are unacceptable.

The Pesticide Board should attempt to resolve

disagreements over the acceptability of an alternative management
proposal in the context of its review of Vegetation

Management

Plans.
5.

The

regulations

should

encourage

the

appointment

of

pesticide

application coordinators at the municipal level and spell out the
responsibilities

of

such

persons.

These

responsibilities

should

include keeping interested citizens aware of proposed and approved
Vegetation Management Plans.
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in a Vegetation Management Plan.

4.

..

..,,,
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Recommendation 5
THE STATE SHOULD ESTABLISH PROCEDURES WHICH GUARANTEE
AMPLE

OPPORTUNITY

FOR

PUBLIC

REVIEW

AND

COMMENT

ON

RIGHT-OF-WAY MAINTENANCE PLANS AND THE REGULATIONS WHICH

GOVERN THEM.

Discussion
Recently, citizens of the Commonwealth acting on their own and through

their local governments have expressed considerable concern about the

application of herbicides to rights-of-way.

This concern may not abate

simply with the advent of a strong and comprehensive regulatory
program.

The

state

must

be

sure

to

provide

all

appropriate

opportunities for public review and comment as new regulations are�
developed and implemented to be sure these concerns continue to be
heard and responded to.

This is especially true with respect to the portion of the regulations

dealing with sensitive areas.

The proper designation of the setbacks

from these areas, the way they are defined in general, and their actual
location along particular rights-of-way will be critical to the successful
functioning of the regulatory program.

The knowledge and experience

of citizens and local officials will be a valuable addition to efforts to
arrive at proper designations.

In particular, the regulatory program

calls for determinations on the acceptability of management practices for

wetlands located in rights-of-way to be elevated from the local level of

Conservations Commissions to the state level as part of the review of
Vegetation Management Plans.

This means that local officials must be

assured of notification and opportunity for comment in the review
process for Vegetation Management Plans if the substantial local inter

ests in wetlands protection available under the Act's procedures are to

be maintained.
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Implementation Steps
1.

Both the regulations and, later, overall Vegetation Management

Plans should be subjected to public review and comment before

being finalized and approved. Copies of the overall plans and
annual notifications should be sent to all concerned State agencies
and municipalities.

2.

The Department of Food and Agriculture should, at its discretion,

upon request of a state, federal, or local government agency, hold
public information meetings to take comments on proposed Plans.
Before approving a Plan the DF A should demonstrate that concerns

.,.

C

of commenting parties have been addressed wherever possible.

3.

The regulations should establish a procedure for appeal by an
aggrieved party of decisions on Vegetation Management Plans.

...

C:
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Recommendation 6

....,.

REVIEW OF THE CHEMICAL AND OTHER PROPERTIES OF PESTICIDES
SHOULD TAKE PLACE IN THE PESTICIDE REGISTRATION PROCESS
AND

IN

CONSIDERATION

OF

VEGETATION

MANAGEMENT

PLANS.

CLASSIFICATION OF HERBICIDES ACCORDING TO CERTAIN OF THEIR

SIMILARITIES SHOULD BE GIVEN FURTHER CONSIDERATION BY
STATE REGULATORS. HOWEVER, PROMULGATION OF NEW REGULATIONS
FOR

CONTROLLING

HERBICIDE

APPLICATIONS

SHOULD

DELAYED NOR DEPEND UPON SUCH CLASSIFICATION.

NOT

BE

Discussion
The Task Force has found that the analysis of herbicides to determine
their potential environmental and public health impact is an exceedingly
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complex process.

It requires careful consideration of:

toxicity of the

herbicide,

toxicological studies);

(estimated according to available

evaluation of the reliability of available scientific data;

mobility of the herbicide in varying soil types (high organic

content soils yield low mobilities);

sensitivity of the area being treated; and
the method of herbicide treatment.

The Task Force gave considerable attention to the possible advantages

and disadvantages of classifying herbicides with similar chemical or

other properties.

Some felt such a scheme would allow local officials

and others to understand and comment on Vegetation Management Plans
and the decisions of state regulators on these plans.

Others felt such

schemes naturally lead to over-simplified judgements and inappropriate
conclusions because so many important variables cannot be included in
the scheme.

In general, the feeling was that educational advantages

would very likely be outweighed by misunderstan-dings or abuse of such

a scheme.

However, if a method of classification could be developed which was

based on recognized scientific data and analytical methods, it could help

in the review of Vegetation Management Plans.

Further consideration of

herbicide classification 'by the Pesticide Board appears warranted.
Implementation Steps
1.

Current registration procedures for testing and/ or evaluation of

herbicides

should

strengthened.

2.

be

reviewed

and,

wherever

( See Recommendation 1, Step 5.)

posnible,

Vegetation Management Plans should include a full discussion of the

characteristics of herbicides to be used, including summaries of
relevant and available data on environmental fate and toxicology.
(See Recommendation 2, Step 1.)
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