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I.

Introduction
A.

Regulatory History
On •February 3, 1977, Congressman Andrew Maguire,

Congressman Henry Waxman, the Migrant Legal Action Program
(MLAP), the Maricopa County Legal Aid Society, and several
migrant farmworkers petitioned the Agency to suspend the
registrations of Treflan (EPA Reg. No._j471•35), Trysben 200
(EPA Reg. No. 352-250), and Benzac 1281 (EPA Reg. No.
264•92), under Section 6(c) of the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA)(7

u.s.c.

136 _il

~ . ) , because carcinogenic nitrosamines had been found to
contaminate them (Fine et al., 1976).11
The petitioners claimed:
The continued use of nitrosamine-containing
herbicides will bave an unreasonable adverse
effect on the environment and constitutes an
imminent hazard to man during the time required
for cancellation. The risks involved in the
case of Trysben 200, Benzac, and Treflan far
outweigh th~ir benefits whee v~ewed in light of
tbe fact that: (a) tbese three herbicides have
been found to contain significant quantities of
nitrosamines; (b) nitrosamines are known to be
potent carcinogens; and (c) there is a high
risk of human exposure to these herbicides in
agricultural and garden use (42 FR 10886,
February 24, 1977).
l/ The Agency subsequently agreed to the registrants'
requests to voluntarily cancel the Trysben 200 and
Beczac 1281 registrations. 43 FR 5567, February 9, 1978;
43 FR 35099, August 8, 1978.

In preparing 1ts respons~ to the pet1t1o~, the
Age~cy sought information at a hearing held pursuan~ ta

FIFRA Section Zl(b} in Phoenix, Arizona on March 7. 1977
and 1n Washington, D.C. on March 9, 1977 (42 FR 10886,
Feb~uary 24, 1977).

This hearing was attended by a

number of Congr~ssmen. farmers~ the MLAPs farm workers.
g_rouer assac1ation rep.re.sentat'fve-s.. .. the Trefla.n r~gfstrant,..
and univers1ty researchers who provided· both .oral and

written information· relevant to th-is issue.

Hearing

transcripts and written comments made for the record at
this hearing are available for inspection in the Office
of the Federal Regtster Section, Room EB-47, Ea1t.Tawer,
401 M St. S.W., Washington D.C. 20460.

Additional data

wer~ also obtafned from the U.S. CTepartment of Agriculture
(USCA), other Federal agencies, and. a number of individuals.

These data are also available for inspection.
On the basfs of thf~ information, the Agency decided
not to suspend the Treflan regfstrations (42 FR 40009,
August 8 1 1977).

The Agency determined that continued

Treflan use would not constitute an uimrninent hazardN as
defined unde~

§"

6(c)(l) of FIFRA

sf

nee the risks associated

with that use during the period necessary to pursue cancellation proceedings were substantfally exceeded by the benefits.

-z-

However, the Agency also concluded that the Treflan
nitrosamine contaminant (N-nitroso-di-n-propylamine,
NDPA) met or exceeded the oncogenic risk criterion,£/
and that, therefore, an RPAR should be issued.

The Agency

also indicated that it would investigate the possibility
that NDPA-contaminated Treflan met or exceeded other
additional risk criteria.
In September 1977. as part of its RPAR investigation and as required by the August 1977 Response to the
Suspension Petition, the Agency met with the ireflan
registrant and established test protocols to assess NOPA
exposure to applic~tors, incorporators, mixers,_Joa~ers,
and field workers.

The registrant performed t~ese

studies and submitted the results in March 1978 (Day et
al •• 1978).

These data, other information from the

literature, and information on uses of Treflan and
general agricultural practices for Treflan-treated
crops, provided at a meeting of the Agency, USDA, and
the registrant in Indianapolis, Indiana (June 20-23,
1978), were used to calculate worker exposure to NDPA
due to Treflan use.

2/ 40 CFR tl62.ll(a)(3)(ii)(A) provides that

if any ingredient
a pesticfde has been found to induce oncogenic effects
in experimental mammalian species or man from oral, inhalation,
or dermal exposure, an RPAR shall be issued against that
pesticide. Initially, the Agency decided not to proceed
against Treflan individually, but to initiate an RPAR action
against all pesticides which contained NDPA. Subsequently,
however, the Agency decided not to delay regulatory action
regarding Treflan until the entire class of NPDA-containing
pesticides had been identified and reviewed.

of

-3-

Because most of the trifluralin produced is
forinul ated as Trefl an EC ).I the RPAR review focused
primarily on the risks and benefits of Treflan use. The
Agency's proposed regulatory actions pertain. however, to
all trifluralin•containing pesticides.

The Agency 1 s consideration of the risks associated
with trifluraliff use....has. been b~sed..uport risk- and e-xpos-ure

data collected not only from the sources described above,
but, also through a worldwide literature search.

During

the collection and evaluation of risk fnformat1on,
the Agency also solicited and received benefits and use
data from the USDA; the registrant, and scientift~.·

The Agency has now concluded its RPAR investigation
of trffluralin.

The procedures followed in the trifluralin

RPAR differ somewhat from those usually followed irr an
RPAR review .•

Normally, when one or more of the Section

162.Tl risk criteria has been met or exceeded, a position
document (PO l} is issued in which the registered pesticide
is presumed against. The registrant and other interested

persons are given the opportunity to submit rebuttal
evdfence against the presumption of risk as well as evidence
regarding the economic, social,

and

environmental benefits

V"tonf1dent1al data submitted to EPA by the single
trifluralin producer during the USDA/EPA/State
agricultural colleges/registrant meeting in rndianapolis,
Indiana, June 1g1a.
-4-

of the pestic1de's use.

If one or more of the presumptions

of risk is not rebutted, the Agency must determ1ne whether
the continued use of the pesticfde would cause uunreasonable
adverse effects on the environment" (Section 6(b) FIFRA}.
Sectfon 2 (bb) of FIFRA defines "unreasonable adverse
effects on the environment" to mean "any unreasonable risk
to man or the environment, taking into account the economic,
social and environmental costs and benefits of use of any
pesticide." Therefore, if the risks of a pesticide's use
outweigh the beneffts, the Administrator must issue a notice
of intent either to cancel or deny the pesticide's
registration without qualification or to cancel

~r-

deny the

pesticide's registration if the registrant fails to meet
Agency requirements which would reduce risks to a level
where they are exceeded by the benefits (Sections 6(b)
and 3(c)(6) of FIFRA).

The United States Department of

Agriculture (Section 6{b) of FIFRA), the Scientific Advisory
Panel (Section 25(d) of FIFRA), and the public!/ review
the Administrator's proposed notice of intent to cancel or
deny.

The Administrator then considers all the comments

which were made in a timely manner before publishing a final
decision.
4/ Although not required by law, i t has been Agency policy
to initiate a public comment period upon referral of the
Administrator's proposed notice of intent to cancel.
-5-

!n the case of trifTuralin~ two of the analytical

RPAR phases - th~ fnittaT determination that the risk
criteria had been exceeded and the weighing of risks and
benefits to determ1ne the appropriate regulatory action -hav~ been combined. uninterrupted by th~ rebuttal comment
p-e,.fod.

The Agency believes that this modification- is

j us·: i f i e d by the unu s u a 1 c i r cums tan c es as soc i ate d with the-

tr;. ·=:.1 u r a 1 f n rev 1 e w•

Mo re o v e r , th e a p-p r o a ch u s e d ha s not

den~ed the publi~ the opportunity to comment on any
determinations or issues raised by thts position document.

Regarding the special circumstances of this RPAR. a
hearing was held to obtain information concerni~9-whether
or rot EPA should suspend the rreflan registration.

Such

hearings are not usually part of the RPAR process.

During

this hearing, the primary U.S. trifrurarin registrant
presented its position concerning rreflan risk.

It

conceded that the N-nitroso-contaminant was carcinogenic,
but i t asserted that Treflan was still safe to use because,

due to low exposure, the risk was slight. and the substantial
benefits outweighed that slight risk.ii To some extent,
therefore~ the primary trifluralin registrant has had an
opportunity to rebut the presumption that NDPA-contaminated

Treflan ts an oncogen.

[n addftfon, the regfstrant and

othe~s have submitted detailed papers regarding many of

"'5'Tli·anscr1pt of Public Hearings on Petition to Suspend
~ertain Pesticide Products Section 6, FIFRA. March 7.
1977, Phoenix, Arizor.a, p. 11-26 and March 9, 1977,
Wash'ngton, D.C. p. 2-13 through 2-23.
-5-

the aspects of risks which have been considered by the
Agency in making its determination.

Furthermore, the

Agency, with the aid of USDA and state agricultural
colleges, considered benefits data presented by the
registrant when its benefit determination was made.
Much of what the registrant would have submitted at
the usual RPAR rebuttal stage, therefore, has already been
submitted during the modified trifluralin RPAR.

It seems

reasonable, therefore, to focus public discussion on the
risk/benefit analysis by presenting the Agency position in
a single document followed by a public comment period
during which time the registrant and anyone e1s~ ma.y
submit comments.§/ in response to the Agency's tentative
risk/benefit conclusions regarding tr1fluralin.

The

Agency believes that neither the registrant nor any other
interested person has been prejudiced by this procedural
modification since they will not be deprived of their
opportunity to participate meaningfully in the administrative
decison-making process affecting the continued registration
of this pesticide.
6/ Under 40 CFR i162.ll(a)(l)(1), only a l"egistrant has the
right to submit rebuttal evidence when 1ts registered pesticide
has been presumed against. It is Agency policy, however to
allow anyone to submit timely evidence and to consider such
evidence before making regulatory decisions •

.. 7..

•

B.

Chemical Backaround
l.

Nomenclature

Trifluralin (CAS 1582-09-8), a pre-emergence herbicfde,
1s the common name for the d1n1troaniline compound alpha,
alpha, alpha-trifluaro-2,6-dinitro-N,N-dfpropyl-p-toluidfne.
This compound, first described by Alder et al. (1960), is
a.1 so kn own as·:
rr, N"-d i -rr- pro pyl -2, 5- cH n i.t l"'o-4-t ri flu o rarrret hy 1an i Ti ne.

4-(D1-n-pl"'opylam1no)-3,5-dinftro-l-tr1fluoromethylbenzene;
2,6-dinitro-N,N-di-n-propyl-alpha-trifluaro-p-toluidine;
N,N-Dipropyl-4-tl"'if1uoromethyl-2,6-dinitroaniline; and
2,6-dinftro-N,N-dipropyl-4-(trifluoromethyl)-benzenamine
Trade names for formulated trifluralin are Elancalan,
L-363Sa,. Lilly 36,352, Su Segura Carpidor, Trefanocide,
Treffcon, Tref1an, Tr1fluora1in, Trff1uraline, Triflurex,
and ·rrim (Tracor-Jitco,. 1977).

The most commonly used trade

name is TrefTan.

z.

Chemfcal and Physical Characteristics

The molecular- weight of trifluralin is 335.3; its

molecular formula fs

c13 H16 F3 N3o4 ;

struc:ture is:

-8-

and its chemical

Trifluralin, a yellow-orange crystalline solid, melts
from 48.5° to 49.o 0 c, and boils from 96° to 97°c at
0.18 mm Hg. Its vapor pressure is 1.99 x 10- 4 mm Hg at

29.5°c.

Some of its solubilities in grams per 100

ml at 21°c are:

acetone (40), ethanol (7), xylene (58),

and water (less than 1 ppm) (Hilton, 1974).
Technical tr1flural1n 1s reported to be more than 95%
pure (National Academy of Scienie, 1977).

The impurity of

concern, N-n1troso-d1-n-propylam1ne (NDPA) 1s a symmetrical
dialkylnitrosamine; 1ts molecular formula 1s

c6H14 N20,

and its chemical structure is:

0 = N-N

/

CH 2-cH 2-CH 3

~ ·

CH 2-cH 2-cH 3
The molecular weight of NDPA is 130.19, its density is
0.9163 at 20°c, and its boiling point is 78°c at 8 mm

Hg.

NDPA's vapor pressure is 0.104 mm Hg at 26°C (Probst,

1978). Nitrosamines are generally soluble in methanol,

ethanol, acetone, and ether (Bontoyan, 1978).

NDPA

solubility in water 1s 7.6 mg/1 (Mon1tor1ng Data Support
Division, 1978}.
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It was first brought to the Agency's attention that
Treflan, Trysben 200, and Benzac 1281 contained N nitroso
4

contaminants at an annual meeting of the American Chemical
Society (Ffne et al., 1976}.

At that meeting NDPA was

identified at a level of 154 ppm 1n TrefTan samples.
Subsequently the-. ire fl an .--egi strant" tras de.creased this:
level to less than 1.0 ppm by mod1fying the synthesis
process.

NPOA can be produced in trifluralin from the

n1trosat1on of d1propylamfne by residual nitrogen oxides 1n
the reaction mixture during the latter part of product
synthesis (Severn, 1917).

Irr addition, NOPA may b~-a ·

contaminant of the dipropylamfne feedstock {Des Rosfers,
1978) ..
C.

Uses and Production

l.

Registrations ana Use

Trifluralin has been registered for use on an increasing
number of crops and ornamental plants since it was first
registered in January, 1963.

The- 105 registered trifluralin

products (56 Federal, 39 State. and 10 special local needs
reg1strations) are formulated wfth tr1flural1n as the
sol~ pest1cida1 active

ingredient ►

irr combination with other

pestfcidal active ingredients, with fertilizers, or with
both.
4

10.:

These 105 registered products can be categorized
thus: technical material (7), professional use on ornamentals/
nursery use (7), domestic use (37), and agricultural use

(54).

In addition to these, trifluralin is also registered

as a tank mix with Eptam, Diphenamid, and Sencor.

Trifluralin

products formulated for use contain from 0.095l to 44.S~
active ingredient.
The estimated use of tr1fluralin 1n 1972 by national
region in milli~ns of pounds was:
2.3; North Central, 6.5;

Southwest, 1.6.

Northeast, 0.4; Southeast,

South Central, 6.2; Northwest and

In addition, about four million pounds of

trifluralin were exported in that year (von Rumk~r ~t
al., 1974).
Section III of this document includes the estimated
agricultural use of tr1fluralin by crop category.
Trifluralin 1s used once a year for pre-emergent
control of annual grasses and some annual broadleaf weeds.
It is normally applied before planting to field and
vegetable crops such as soybeans and cotton.

It is also

applied to ornamental trees and shrubs, roses, certain
established flowers, and fruit and nut trees after planting.
The emuls1f1able concentrate is the major formulation in
use, but granular formulations are also used in smaller
amounts.

_,,_

Tr1f1uralin is applied by low pressure surface sprays
(20-40 psi},- hand. or- machine broadcast', sub~urface layering,

and in a few instances. by ai~ spraying.

Soil incorporation

within 24 hours is recommended for most tr1fluralin uses.
For some products, surface application or surface application followed by irrigation is recommended.

At the

recommended application rates> from 0.25 to 4.0 pounds of
a~tTve- 1ngre~ient- are- applied per-acr~_of· so-il surface. ..
2•

r o l e·r a nc e s

Table L gives tolerances for trifluralin.
no

There are

established. tolerances for the NDPA contaminant of

trifluralin in or on raw agricultural commoditiesr processed
food. o~ feed.

l~

Production

Section 7(c) of FIFRA requires producers to inform
the Admi~istrator of the types and amounts of pesticidet

and,

ff applicable, active ingredients used in producing

pesticides in their establishments~
Section 7(d) of FIFRA specifies that:

Any tnformation submitted to the Administrator

pursuant to Subsection (c) other than the names
of the pesticides or active ingredients used in
producing pesticides produced, sold, or distributed
at arr establishment shall be considered confidential
and shall be subject to the provisions of
Section 10.
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TABLE 1
TOLERANCES FOR TRIFLURALIN
Tolerance (opm)
Mungbean sprouts
Carrots
Alfalfa hay
Citrus fruit
Cottonseed
Cucurb1ts
F1eld corn grain fodder and forage
Forage 1egumes
Fruiting vegetables
Grapes
Hops
Leafy vegetables
Nuts
Peanuts
Peppermint hay
Root crop vegetables (except carrots)
Safflower seed

2.0
1.0
0.2

o.os
0.05
o.os
0.05
o.os
o.os
0.05
0.05
0.05
0~5
0.05

a.as

0.05
0.05

o.os

Seed and pod vegetables
Spearmint hay -· ·· -· --·
Stone fruits
Sugarcane
Sunflower seed
Wheat grain
Wheat straw
Asparagus

0.05
0.05
0.05
0.05
0.05
0.05
0.05

Peppermint oi 1

2.oll

Spearmint oil

2.oll

17

From

CFR 21

193.440; all others from CFR 40 180.207
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Section 10 specifies the types of information that
may be disclosed and limitations on and conditions of
suca disclosure.

The Section also specifies penalties that

may be levied upon government employees for improper
disclosure of such information.

This production infor~ation

is provided to the Administrator in a confidential attachment
to this report.
According-to public data, .5,184~000 pounds ortrifluralin were produced in 1966 (Mrak 1974), 21 million
pounds in 1972 (von Rumker et al., 1974), more than 23
million pounds 1c 1974 (Keil et al., 1977), and more than
24 million pounds in 1975 (Severn, 1977).
II.

Risk Analysis

A.

General Toxicology, Occurrence, and Formation of
K-nitroso Compounds
The ~DPA contaminant in trifluralin is one member

of the general chemical class known as N-nitroso compounds.
This class, Ls subdivided into nitrosamines and nitrosamides,
which are common constituents of many natural and man-made

components of the environment.

This section discusses the

geceral toxicology, occurrence and formation of this class
o~ compounds.

NDPA toxicology, occurrance, formation,

environmental chemist~y, and biological chemistry is
discus~ed in sections II B, C, and Dor this document.
Table

2

lists some common sources of N-nitroso compounds,

and. Table 3 summarizes information on additional pesticices
that contain N-nitroso compounds.
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TABLE 2
OCCURRENCE OF N-NITROSO COMPOUNDS
Source

Meat curing mix

Bacon

N-nitroso
Compound Detected

Concentration

Reference

N-nitrosopyrrolidine
N-nitrosopiperidine
N-nitrosodimethylamine

7. 0-25 .o ppm

2.5-6.0 ppm

Sen et al., 1973

a.as

N-nitrosopyrrolidine
N-nitrosodimethylamine

0.004-0.025 ppm
0.002-0.03 ppm

Salami, dry sausages N-nitrosodimethylamine

a

ppm

.Q.01-0.. 08 ppm

N

Sen et al., 1973a
Sen et al.• 1973a
Sen, 1972

Fried bacon

N-nitrosopyrrolidine

7.0-139.0

Spice-cure mixes

N-nitrosodimethylamine
N-nitrosopyrrolidine
N-nitrospiperidine

50-200

Sable, salmon, shad

N-nitrosodimethylamine

0-26 ppb

Fazio et al., 1971

Cooked Bacon

N-nitrosopyrrolidine

10-108 ppb

Fazio et al., 1973

Marine salt fish

N-nitrosodimethylamine

0.05-0.30 ppm

Fong and Chan, 1973

Water

N-nitrosodimethylamine
N-nitrosodipropylamine
N-nitrosopropylbutylamine
N-nitrosopyrrolidine

0.05-1.0 ug/1
13.0 ug/1
3.2-8.2 ug/1
0.63 ug/1

NEIC, 1977

Herbicides

N-nitrosodioropylamine
N-nitrosodimethylamine

154 ppm
187-640 ppm

Fine et al., 1976

Air

N-nitrosodimethylamine

40 ng/m3

NEIC, 1977

Tobacco

N-nitrosodimethylamine

Rhodes & Johnson, 1972

Tobacco

N-n1trosod1ethanolam1ne

0-140 microgram/
cigarette
0.1-173.0 ppb

Cigarette smoke

N-nitrosodimethylamine
N-nitrosoethylmethylamine
N-nitrosod1ethylam1ne
N-n1trosodipropylamine
N-n1trosopyrrolidine
N-n1trosop1peridine
N-nitrosodibutylamine

5-180 ng/cigarette McConnick et al., 1973
II
To 40 ng/c1garette
rt
To 28 ng/cigarette
II
1.0 ng/cigarette
D
1-110 ng/cigarette
1-9 ng/cigarette
•
3 ng/cigarettte

Various cosmetics

N-nitrosod1ethanolam1ne

Trace-130 ppm

Yates

Cutting fluids

N-nitrosodiethanolamine

0.02-3.Di

Fan, 1976
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ppb

ppb

Havery et al., 1976

Ha very eta al., 1976
•

.

D

.

Schrneltz et al., 1977

&Wenninger, 1978

TABLE 3
PESTICIDES THAT CONTAIN ~-NITROSO COMPOUNOs1J
Pesticide

Contaminant

Be.nzth1azuran
Carbaryl
Propoxur
Fenuron
Atrazine
Simazine

Nitroso Derivative
Nitroso Derivative
Nitroso Derivative

a
a

OMN

a

Nitroso Derivative, NOELA (0.54 ppm)
N1troso Derivative
OMN

a
a

Ziram

Thfram
Fer-barn
Succinic acid 2,2-dimethylhydrazide
Oryzal in
Trifluralin
rsopropalin
Butral in
Benfl ura 11 n
Maleic hydrazinde (Salt of)
Oiphenamide
2,4-0 (Salt of)
MCPA
MCPP
2,3,6-trichlorobenzoic acid
Profluralin
Dinoseb
N-butyl-N-ethyl-2,6-dinitro-4-trifluoromethyl-aniline
N,N-diethyl-2,4-dinitro-6-trifluromethyl-1 ,3-phenylenediamine
N-(l-ethylpropyl)-3,4-dimethyl2,6-dinitro-benzenamine
4-(2,4-dichlorophenoxy)butyric
acid (salt of)
2,3,6-trichlorophe.nyt acetic
acid {salt of}

Refere

OMN
OMN
NDPA
NOPA
NOPA
NBEA

a
a

(1 ppm) Unknown (1.5-42 ppm)
(6-202 ppm)
(9-87 ppm)
Unknown, (2.4-74 ppm)
NBEA 28-38.4 ppm) Unknown
(30-261 ppm)
NOELA (< 1 ppm) UnknowA (1.4 ppm)

OMN ( < 1 ppm)

OMN (0.6 - 6 ppm)
□MN (0.24 - 2.0 ppm}
DMN (0.32 - l .0 ppm)
ppm)

CMPNA (4 ppm)

b,
b,
b,
b,
C
C
C

b,
b,
b,

b,

NDELA (217-233 ppm)

b
b

BENA (8-38 ppm)

b

DEN (100-153 ppm)

b

Nitroso derivative (102-104 ppm)

b

OMN (Z.5-6 ppm)

b

DMN (18-24 ppm)

b

1/ This list may not be complete since it contains only
those n-nitroso contaminated pesticides reported in the open
literature pr1o~ to preparation of this position document.
References are as follows: a) Mfr-v1sh, 1973; b) Bontoyan
et a1 •• 1979; c) Cohen et al., 1978.

-16-

a,
a

• OMN

OMN (t-359

a

Magee, et al. (1978), EPA (1977), Alexander (1976),
and NAS (1978) have published general reviews of N-nitroso
toxicology, formation, occurrence, acd chemistry.
Nitrosamines (including NDPA) are stable at
physiological pH and require metabolic transformation to
active inter-mediates to exert their effects; nitrosamides,
however, are unstable acd decompose to active intermediates
without being metabolized (Shank~ 1975).- Table 4 sbows
the LD 50 of several N-nitroso compounds.
A number of scientists have studied the acute
toxicity of N-nitro~o compounds.

Table 4 (Part II) lists

these studies and their results.
Druckery et al. (1967) and IARC (1973, 1974, 1978)
extensively reviewed the data oo the carcinogenicity of
N-nitroso compounds, and Montesano and Bartsch (1976)
reviewed data on carcinogenicity versus mutagenicity of
N-nitroso compounds. Shank (1975) reported that
nitrosamines induce tumors in skin, nose, tongue, esophagus,
stomach, duodenum, colon, lungs, bronchi, liver, pancreas,
kidney, urinary bladder, brain, spinal cord, thymus,
lymph nodes, and blood vessels.
Table 5 summarized the results of tests showing

that N-nitroso compounds are formed in various
cbemical mi:z:tures.
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TABLE 4

ACUTE TOXIc."tTY OF SEVERAL N-NITROSO COMPOUNDS
Part I:

Compound
Oimethylnitrosamine
Diethylnitrosamine
Di-n-propylnitrosamine
Oi-n-butylnitrosamine
Di-n-amylnitrosamine:
Methyl-n-butylnitrosamine•
Methyl-t-butylnitrosamine
Ethyl-n-butylnitrosamine
Ethyl-t-butylnitrosamine
Ethyl-2-hydroxyethylnitrosamine
Di-2-hydroxyethylnitrosamine
Methylphenylnitrosamine
Methylbenzylnitrosamine
Nitrosomorpholfne
Methylnitrosourea
Methylnitrosourethane
Nitrosohexamethyleneimine
Nitrosoheptamethyleneimine
Nitrosooctamethyleneimine

27-41
2152/

> 40~-

1200
1750
l3Q_
700

380
1600

> 7500
> 5000

200
18
282
180

240
336
283
566

Part rr

Comoound

Effect

Reference

DMN, DEN,

Centri lobular
necrosis of live,.

Shank, 1975

DMN

Hepatic vein damage

Koppang and
Rimeslatton, 1976
Reube,., 1975

Unspecified
nitrosamines

Interference with
protein synthesis

Kleihues et at. 1975
Reyno 1ds, 1977
Pl app, 1975

DMN

Necrosis of
seminiferous epithelium

Hard and Butler, 1970

DMN

Fetotoxi city

Druclcery, 197 4

.

1/ Lo~ units mg/kg, s1ngle oral dose, adult male rats (Shank. 1975).
!/ Male0 and female Syrian golden hamsters.
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Table 5

Fonnation of N-nitroso Compounds
Nitroso Compound
Fanned

Corrments

Reference

N-nitrosodiethanolamine

Industrial grinding
fluid incubated under
gastric conditions

Zingmark and Rappe, 1976

Various N-nitroso
compounds

Amines mixed with
nitrous acid

Lfjinsky and Singer, 1975

Various N-nitroso
compounds

Quaternary arrmonium'
- f'1ddl er et al., 1972
compounds and related
tertiary amines incubated
in vitro with sodium
rntr,te

DMN

Dimethylamine and sodium Klubes et al., 1972
nitrite incubated with
rat intestinal bacteria
und•r anaerobic conditions

OMN

In vitro mixing of
certain pesticides
with nitrite

Egert and Greim, 1976
1976a

DMN

In vitro and in vivo
mixing of thiram-;--irram,
ferbam, DSMA with sodium
nitrite

Sen et al., 1975

DMN

In vivo mixing of ziram
and'sodium nitrite

Eisenbrand et al., 1975

Various N-nitroso
compounds

In vftro mixing of
atrazin'e', simazine,
propoxur, carbaryl,
benzthiazuron with
sodium nitrite

Eisenbrand et al., 1975

Various N-nitroso
compounds

Injection of piperidine,
pyrrolidine with sodium
nitrite into infected rat
bladders

Hawksworth and Hill, 1974

Various N-nitroso
compounds

Fonnation in pesticide
treated soil {theoretical
analysis)

Mittleman, 1977
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The- following sections discuss studies of the

...

envfronmental fate, routine environmental monitoring
for chemfcal residues,and the biological fate of
trifluralin and its specific N-nitrosc contaminant,
NOPA.

B.

Environmental Fate
1·•

Tri f 1 u i-a 1 i n-

Several resear-chers have studied the degradation of
trifluralin in soil (Parka and Tepe, 1969; Savage, 1973; and
Golab and Amundson, undated). rn general, these scientists
found that tri fl ural in did not accumulate in mos-tr -soil s
after repeated annual applications.

However, very low

residues may persist fn certain soils, both in the field
(West and Day, 1977; Pr-obst e~ a.l., 1957) and under- 1abor-atory

conditions (Kearneyy 1974-75).
Many factors influence the persistence of trifluralin
and f~s degradation in soil.

These factors include the

soil's organic matter content, its moisture and temperature,
and the methods by which trifluralin was incorporated into
it.

According to Mosier and Saunders (1977), triflural1n is

highly resistant to leaching.

Boyd (1978) reported that

tr1fluralin is strongly adsorbed to organic matter.
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According to the available data, trifluralin does not
readily run off from treated fields.

Willis et al. (1975)

studjed the rate at which several herbicides, including
triflura1in, were lost from surface drainage waters in
Louisiana.

Runoff volumes differed due to variations in

plant canopy, soil texture, and soil surface conditions, and
runoff volumes clearly influenced herbicide loss.

o.osi

Only

of the total triflural1n ~hich was applied to cotton

or soybeans was lost through runoff in the three months
following application.
Triflura1in

1s

also readily volatilized and photo-

degraded in the en~ironment.

Spencer and Cliath (1974) and

Parochetti and Hein (1973) indicated that trif1ura1in
vo1atilization rates increase significantly with increasing
temperature and soil moisture.
Soderquist et al. (1975) reported that trifluralin
vapor is stable in the dark but degrades rapidly to dealkylated
dinitrotoluidines, cyclic d1o1-benz1m1dazole precursors
(benzimidazolines, benzimidazole-N-oxides), and benzimidazole
when exposed to light in a photoreactor.

After 12 days

of irradiation, the principal products were the benzimidazoles.
Leitis and Crosby (1974) reported a photodecomposition
mechanism for trif1uralin involving oxidative dealky1ation~

-

nitro reduction, and cyclization.

~2,-

Parocnett1 and Hein (1973) reported no pbotochemical
degradation of trifluralin on the soil surface over~
24-hour period, based upon residual herbicidal activity;
however, chemical analysis demonstrated that photodecomposition had, in fact, taken place in this study. Io
addition, Parochetti and Hein (1973) round that tritluralin

adsorbed to soil in a petri dish photodegraded with a
nalt'-llfe

or-- 2. 2· hours.

Kearny et ai. (1974-1975) reported tentative results
of studies which indicated that trifluralin is metabolized
in soil to the same dealkylated toluidines and benzimidazole

compounds (seven contbs atter treatment) as from pbotodecomposition. They gave no quantitative results.

z.

N-nitrosodiprooylamine (NDPA)

The Agency reviewed studies on the environmental fate
of NDPA in order to assess the extent

or

human exposure to

NDPA f~om Treflan use. In general, NDPA photodegrades in

so1lr water, and as a vapor, but it doesn't readily hydrolyze,
and it volatilizes from soil only slightly.
Tate and Alexander (1975) reported that NDPA bas a
half-life of about 40 days in silt loam soil.
soil in this experiment lost little

or

However, the

the compound over the

first seven to ten days of incubation; the authors noted
that this time lag might indicate microbial degradation of
~DPA.
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Gray ~nd Saunders (1977, 1977a) determined that NDPA
degrades more slowly under anaerobic than under aerobic
conditions.
In a field 1eaching study, Mosier and Saunders (1977)
incorporated NDPA into sandy and silty c1ay loam soil
columns.

The assay indicated that NDPA was being lost by

degradation, volatilization, and some leaching. NOPA
also leached readily in a labor~tory study using sandy and
silty clay loam soils; from 89i to 96i of added 14 c-NOPA
was found in the leachate (Saunders, 1977).
West and Day (1977) analyzed soil which had been
treated with NDPA contaminated Treflan for NDPA immediately
after treatment.

They found no NOPA at a level of detection

of 0.05 to 0.20 ppb (50-200 ppt).

This is not surprising

since at an application rate of 1.0 pound active ingredient
(containing 6 ppm NOPA) per acre, the upper 6 inches of sail
would contain only 6 ppt (parts per trillion) NDPA, assuming
a soil density of 0.06 lb/in 3 (Mittelman, 1978c).
NDPA does not readily hydrolyze.

In experiments by

Saunders (1976), NDPA in solution maintained at 51°C and pH
3-9 had not hydrolyzed after 32 days.
When exposed to ultraviolet (UV} light, however, NOPA
in solution is readily photolyzed.

Mosier and Saunders

(1977a) exposed an NOPA solut1on in lake water to sunlight
and found that the NOPA had a half-life of about 3 hours.
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Day and ~est (1977) analyzed pond water from a field treated
six months earlier with Treflan EC (emulsifiable concectrate)

and found no detectable NDPA residues.

They also artificially

irradiated NDPA in distilled water (2.2 ppm) in the laboratory.
Under these conditions, the NDPA had a half-life of about ij5
mi.nut.es-

NDP~.als~ photod~grades io th~ vapor phase.

Gray

and Saunders (1977b) estimated the half-life of NPDA in
natural sunlight to be 20 minutes.
After surface application to soil, however, NDPA is
apparently less photodegradable.

In dry soil field experi-

ments performed by Mo3ier and Saunders (l977b)t about 90% of
the NDPA remained eight hours after application.

Mosier

and Saunders also perfoM11ed wet soil experiments in which
about 73i of the NDPA remained 0.25 hours after application,
and nearly 47% remained after eight hours. These experiments indicate that NDPA volatilizes at a faster rate
fro~ moist soiL than from dry soil.

Olive~ (unpublished data, 19TS OSDA) incorp.orated
radiolabeled NDPA into the top 7.5 cm of various diverse
soil types enclosed in glass chambers and passed air over
the soil surrace. NDPA volatilized from the soil at a
decreasing rate throughout the 192 hours during which the

sy5tem was monitored.

The cumulative total of volatilized

NDPA at 24 hours was 2.35%; at 192 hours it was 3.77%.
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C.

Residues
Trifluralin has been detected in several routine

environmental monitoring programs.

The data available

rrom these programs were too limited to use in the Agency's
exposure or risk calculations, bowever.

NDPA has not

been detected in any of the monitoring programs.

The National Soils Monitoring E~gram (NSMP) (Kutz
1977) sampled agricultural sites between FY 1969 and
FY 1974.

Trifluralin was applied to 72 or 1,684 sample

sites in 1969 and 88 of 1,165 sites in 1974; more than

85$ of the applications during this time were either to
soybeans or to cotton.

The number of trifluralin applications

increased steadily between FY 1969 and FY 1974.

This

reflected the growing trend toward chemical, rather than
mechanical, weed control by farmers.
Trifluralin residues were detected in an increasing
cumber of agricultural soil samples in the National Soil
Monitoring Program (NSMP) between FY 1969 and FY 1973.
The arithmetic mean concentration of trifluralin in the soil
samples (less than 0.01 ppm), however, did not change
significantly during this period.
Tr1fluralin residues in crop samples collected from

NSMP monitoring sites from FY 1969 to FY 1973 were round in
three or 41 crop materials: cotton stalks, sorghum stalks,
and soybeans.

These values ranged

most were less than 0.1 ppm.

from 0.01 to 0.31 ppm;

A total of 3,576 samples were

analyzed during this period.
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The Urban Monitoring Program has sampled 42 urban
areas since 1971.

This program has detected trifluralin in

only two urban locations, San Francisco, California and
Spr1ngf1eld, Illinois, at an average level of 0.05
and 0.01 ppm, respectively {Kutz, 1977).
Air wa~ monitored for pes~icide~ in 1970 and 1972 1n
predominantly agricultural areas of 16 States; trifluralin
was- f~und 1n· l~ ot=:tlTe States (Kutz, J977).

The- maximum

values detected ranged from 1.1 to 30.3 nanograms (ng} per
cubic meter of air.
The Market Basket Survey of the Food and Drug Admfnstration (FDA) monitor~.pest1cide residues in a sam~te daily
diet of an average 16 to 19-year-old American male in

various regions of the country.

To date, trifluralin has

nat been detected in thi~ survey (Corne11ussen 1978).
The FDA surveillance and compliance program's multi-

resfdue method can detect trifluralfn at 0.01 ppm or greater
fn commodities.

In 1975 trifluralin was not detected in the

8,009 samples analyzed fn that program. Irr 1976 trifluralin
was found at 0.10 ppm in one parsnip sample and at 0.03

and 0.04 ppm in two carrot samples out of a total of 8.416
samples. In 1977 trifluralfn was detected at 0.02 ppm in one
potato sample, at 0.04 ppm fn one parsnip sample, and in 16
carrot samples at levels ranging from 0.03 ppm to 0.19 ppm.

Thera were 6 1 674 samples analyzed fn that program in 1977.
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Trifluralin has not been reported in the APHIS (USDA}
"Objective Phase Biological Residue Report (1973-1976)n.
EPA's Storet System, which maintains data on water qua1·1ty

•

parameters, has no data on trifluralin.
The

National Soils Monitoring Program, FDA's Market

Basket Survey, and FDA's surveillance and compliance program
for food and feeds have not monitored for NDPA (Corne11ussen,
1978), nor was NDPA reported on the APHIS (USDA) "Objective
Phase Biological Residue Report (1973-1976)".

EPA's Storet

System of water quality parameters currently contains no
monitoring data for NDPA; however, NDPA is one of the
compounds on the Lfst of Priority Pollutants whtch EPA will
monitor in water.

o.

Biological Fate
The

ability of living organisms to absorb, translocate,

and metabolize a compound is important in determining
whether various toxic effects occur.

Since no studies of

the biological fate of trifluralin and NDPA in humans
exists, a number of studies with various animal species
were reviewed in order to determine the fate of these

compounds in living organisms. These and the biological
fate of trifluralin ad ·NOPA in plants are discussed below.
1.

Tr1flural1n

Generally, trif1uralin is not readily translocated to
the above-ground portions of most tolerant plants.
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However,

certain root crops, such as carrots~ onions, and garlic,
have been shown to absorb and metaboliz~ the compound
(Probst et al., 1967).

Peanut and sweet potato leaf extracts

also metabolize trifluralin.

Even though some plants may

metabolize trifluralin. significant residues of trifluralin
or fts degradation products reportedly do not accumulate in
edtble portions of plants (Probst et al., 1975).
Ma ri ne--- i n v er t

e bra t es- met a b o 1 i z.e . t-r i f 1u r a l i n th r au g h

the pathways of oxidatfon, reduction, hydrolysis, and conjuga-

tion (Garnas. 1976).

Spacie (1975) found that trifluralin

accumulated in the fat of three species of fish exposed to
874 ppt trifluralin in an industrial effluent. Levels

decreased in two species by 40~ to 83: after activated

carbon filtration of the industrial effluent started.

The

fisn exhfbited no acute effects during this investigation.

In degradation studies with ruminant animals,

trifluralin was fed ta~ lactating cow and a goat; blood,
milk, feces, and urine from the treated animals were then
analyzed for trifluralin or 1ts metabolites.
were detected in milk or blood.

No residues

Detectable residues were

found only in feces of a cow fed 1,000 ppm triflural1n for
l5 days, and 1n the feces (81.2%) and urine (17.Si) of a
goat fe~ l ppm trffluraltn for 16 days.

Little trifluralin

was metabolfzed; most passed through the anfmaTs unchanged
(Golab et at., 1969). Williams and Feil (1971) found that
two of 12 species of rumen bacteria tested metabolized

tr1fluraTin.
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Male Harlan-W1star rats excreted 80% of a single 100
mg/kg oral dose of trifluralin, in the feces (Emmerson and
Anderson,· 1966). Female dogs also metabolized trifluralin.
Nelson et al. {1977) also studied the~ vitro
metabolism of trifluralin and other dinitroaniline herb1c1des
in rat liver microsome preparations. In addition to other
metabolites, Nelson detected minute amounts of a possible
benz1m1dazole compound from triflural~n. metabolis~ for the
first time in a mammalian system.

2.

NOPA

Nitrosamines are reportedly metabolized relatively
rapidly

by

animals (Office of Research and Development,

1977).

In the absence of metabolic enzymes, they are

chemically stable under physiological conditions; metabolic
activation to a reactive intermediate is necessary for
adverse effects to occur (Montesano and Bartsch, 1976).
Metabolism by oxidative dealkylation beginning at the
alpha carbon of one chain ultimately lead~ng to a reaction
with cellular macromolecules has been proposed by several
scientists (Druckery et al., 1969; Brusik and Mayer, 1973).
Krueger (1971, 1973, 1973a) found that NOPA undergoes beta
hydroxylation ultimately producing alky1ating compounds that
react with nuclefc acids in the rat liver. Blattman and
Preusman (1973) reported omega oxidation and· omega-1-oxfdation in a study of rat urinary metabolism of NDPA. The
oxidation scheme is but one potential mechanism involved in
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dialkylnitrosamine metabolism.

Three other schemes involving

protolytic fragmentation have been sugge~ted to explain
experimental observations which are inconsistent with the
oxidation model (Olah et al., 1975).

Samples of soybeans, cotton, cauliflower, carrots,
and alfalfa grown in soil treated with Treflan contaminated
w.ith from 78 t.o. soa. ppm NDPA had. no det.ec.table levels. of

.

--

NOPA at a test sensitivity of 0.10-0.20 ppb (West and Day,
When- B·erard (197T) grew soybean plants in a nutrient-solution contain1ng 14 c-labeled NOPA, about 25t of the
1977a).

applied radioactivity translocated to the soybean plants;
however. only 1% of the radioactivity was identified as NDPA
after seven days.

Berard did not attempt to identify the

remai~ing radioactivity. Berard and Rainey (1977) performed
a fi~ld 1tudy irr which soybeans were grown in scil treated
with the equivalent of 5,000 ppm NDPA. They detected less
than 0.3 ppb 14 c expressed as NDPA equivalent at 21 and 49
days. and detected no residue in soybean seed after 119
days-.
NDPA

was readily absorbed and passed into goat's milk

after a single oral dose of 30 mg/kg body weight. The
detectable quantity of NDPA fn milk peaked at 5.8 mg/kg
after 0.5 hours.

Afte~ 24 hours only a trace remained,

and non~ was detected at 36 hours.

NDPA

levels in the blood

were l.578 mg/kg after one hour and 0.0004 mg/kg after six
hours (Juszkiwicz and Kowalski, 1975) •

•
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E.

Exposure Analysis
This secti~n discusses only the exposure to NOPA

which is associated with the use of formulated trifluralin,
not with exposure to tr1fluralin itself.

This is because

the primary concern relative to the toxicity of this compound
(for RPAR purposes) 1s associated with its NOPA contaminant.
Trifluralin exposure is discussed briefly in the appropriate
sections of this document which-present evaluations of
specific toxic effects and in full in the Agency's exposure
report for trifluralin and NDPA (Mittelman, 1978).
1.

Exposure During Application

Humans who use trifluralin and are therefore potentially
exposed to NDPA include agricultural and nursery workers who
mix, load, apply, and incorporate the compound into the
soil; fieldworkers; domestic users; and the population at
large.

The Agency has estimated NDPA exposure from Treflan

use, and this provides the basis for the
estimates presented here (Mittelman, 1978).
Exposure estimates in this document are given for
workers on average size farms for each of the uses
assessed.

The Agency estimated the number of workers who

apply Treflan from Agency information, Doane Agricul-

tural Statistics data, personal communications with USDA,
university and othe~ experts, and the registrant.

In

arriving at the estimate, the Agency assumed that there is
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only one private applicator per farm.

Figures derived

I

1n such a fashion may underestimate exposur~ to applicators
on larger farms. However, large farms use more efffcient
apparatus, larger spray booms, faster tractors with enclosed
cabs, larger spray tanks, and several applicators, all
of which tend to lessen any increase in exposure.
The: extent of exposure to appTfcators, incorporatarsr
mtxers, and loaders depends on their ~~te of respiration,
time exposed, clfmatfc condition (wind speed, ambient
temperature, humidity), soil conditions (soil temperatures,
organic matter content of the soil, moisture content), rate
of triflura1in app~ication, NDPA content of the~~ifluralin,
and othe~ variables.

Of the factors affecting NDPA exposure,

total time exposed is the most important.

This factor, in

turn~ depends upon the total acreage involved~ speed of
performing constituent operations, condition of the field,
and the apparatus used.

Time is thus a highly variable

parameter.
exposure estimates were based on studies reported in
the open literature and field monitoring studies performed
by the registrant.

The Treflan EC used in field monitoring

studies contained from 3.5 to 6.4 ppm NOPA (Oay et al.,
1978).

In these studies sources of exposure, wh1ch

included vapor inhalat1on, particulate inhalation/ingestion,
and recovery from the soil surface, were effectively ~easured
for NOPA.

Due to the volatility and photolabi11ty of NDPA,

monitoring for dermal exposure was not successful and
resulted in extremely low ~DPA recovery.
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Results of vapor phase sampling studies indicate an
average concentration of 0.0047 ug ~OPA/ m3 of air in the
breathing zone during application and simultaneous incorporation plus about 0.0001 ug NOPA/m 3 adsorbed to particulate
matter that

can

be inhaled or ingested during soi1 treatment.

During mixing and loading, the concentration of NDPA in the
air was determined to be 0.012 ug/m 3 • The Agency calculated
vapor/particulate NDPA exposure _via inhalation and ingestion
from the following:

where:

ETI = Total exposure (inhalation/ingestion)
=

Hours applying trifluralin/year
Concentration of NDPA in the air during
app1ication/incorporation • 0.0048 ug/m 3
R =

Respiratory rate• 1.2 m3 /hr

Hm =

Hours mixing/loading trifluralin/year

Cm =

Concentration of NOPA in the air during
mixing/loading= 0.012 ug/m 3

Exposure for private farmers 1ncorporat1ng custom-applied
Treflan was estimated similarly, but the quantity [{Hm)

(Cm)(R)J was omitted.
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The Agency calculated dermal exposure to applicators,
incorporators, mixers, and loaders fron results obtained

in an experiment using an artificial adsorber.

Such an

estimate is inexact, but it is likely to be closer to
actual levels than an estimate calculated on a worst-case
basis or using zero from the unsuccessful dermal monitoring
studies (Day et al., 1978).

Hourly dermal exposure was

calculated to be 0.083_ug/he (Mittelman, 1978)~ The Agency
then calculated total dermal exposure for applicators,
incorporators, mixers, loaders, and private farmers
incorporating custom-applied Treflan as follows:

wnet-e:
E"td

= Total exposure- (dermal)

ffa

= Hours applying tritluralin/year·

~hd

= Hourly der~al exposure dut-ing application

= 0.083 mg/hr
The tt-ua dermal exposure is difficult to assess due

to the absence
factor.

or

an acceptable method of ~easuring this

Dermai exposure is important since it is generally

much higher than ichalation exposure.

These exposure

estimates concern only tbat amount of NDPA deposited upon
the skin.

The risk estimate~ discussed later in this

document adjust the total NDPA der~al exposure estimate for
the proportion of NDPA that is thought to be absorbed •

•
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Table 6 summarizes the total NOPA exposure to persons
who appl~ Treflan (contaminated with 3.5 to 6.4 ppm.NDPA) to
various crops.

Exposure to private and commercial applicators

is presented separately.

Private applicators apply and incor-

porate the material whereas commercial applicators normally
only apply the material.

The farmer must then incorporate

this commercially-applied material within 24 hours.

Table 6

groups exposure to private applicato~s/. incorporators and
incorporators of commercially applied Treflan together
(Group I), and lists commercial applicators (Group II)
as a separate category.

Differences in total NDPA exposure

estimates between private workers who perform all kinds of
application operations and those who only incorporate
commercially-applied Treflan are small.

Incorporators

of commercially-applied material do not mix and load, but
these operations are of short duration. For example, in
soybeans, private applicators of Treflan receive a total
annual exposure of 1.45 ug NDPA, whereas private individuals
incorporating commercially-applied Treflan receive 1.42 ug
NDPA per year, a difference of only 0.03 ug.
2.

Exposure During Re-entry

While primary NOPA exposure is likely to occur to
applicators, workers re-entering treated fields may also be
exposed to NDPA as a vapor or NDPA adsorbed to particles of
soil.

Exposure from th1s source was evaluated by two

different methods.
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TABLE 6

ANNUAL NOPA EXPOSURE TO AGRrCULTURAL WORKERS INVOLVED
IN iRIFLURAL1N ~PPLICATION OPERATIONS

Application Site

Tota 1 Number of
Individuals

Annual NOPA Exeosure (micrograms)
rnhalation/
Ingestion Oennal
Total

-

Group rY
Soybeans

Cotton
Fruits and Vegetables
Tomatoes
Potatoes
Dry Peas
English Peas
Field Peas 21
Cole CropsCarrots
Peppers
Celery
Cucumbers
\.Jatennelons
Canta 9upes
Mint~3
Okra
Beans!'

~3~!38'"

O~lZ

r.3:r

1~45

63.,954

0.11

1.08

1.19

13,490
l,800

0.04
0.05
0.13
0.04
0.04
0.04
0.07
0.02
0.11
0.01
0.02

0.42

0.46
0.55
1.54
0.46
0.46
0.54
0.90
0.19
1.44
0.18
0.27
0.36
2.34
0.19

202

2,776

156
4,.162

657
2,267
166
3,030
2,718
335
55
856
23 ~689

0.03

0.18
0.02
0.07

Other Field Crops
Peanuts.
Sugar Beets
Sunflowers

4,474
5,178

M1scel1aneous Crop§/
Trees and Vines Hops 61
Greenr-

3,985
51
3,259

0.01

16

0.08

320
890

0.07

D111

Alfalfa
Spr-ing Wheat
Mustar-d for seed
Safflower
Sugar- Cane

5,523

116
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1.41
0.42
0.42

a.so

0.83
0.17
-1:31
0.17
0.25
0.33
2.16
0.17
0.75

0.82

0.06
0.14
0.13

0.59

0.65

1.66

1.80
1.53

0.07
0.23

0.75
2.74
0.17
0.91
0.83
4.07
l.33
3.24
4.65

0.34
0.12
0.27
0.40

68
933

a.so

1.50

•

0.82
2.97
0.18
0.99
0.90
4.41
1.45
3.51

5.05

Group II
Al 1 Crops

(Corranercial Applicators)

TOTAL

3,800

0.14

1.74

342,064

17

These estimates apply to both fanners who mix, load,
apply, and incorporate the pesticide as well as those who
only incorporate corrmercially-applied Treflan.
y Cole Crops: brussel sprouts, cauliflower, cabbage,
broccoli.
3/ Mints: speanni nt. peppenni nt.
4/ Beans: castor, snap, lima, southern peas, guar, mung, dry
'?J/ Tree and Vine: grape,· lemon, grapefruit, nectarine,
orange, tangelo, tangerine, almond, apricot, peach,
pecan, plum, prune, walnut.
!/ Greens: collards, kale, turnip, mustard.
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1.88

rn the first method, Mittelman (1978) calculated a
3:l ratio of recovera~le volatilized NOPA in the air between

a model system (Oliver, USDA~ unpublished data, 1978) and
-a field monitoring system (Day et al •• 1978) (discussed
earlier in Section rr. B.}. From this ratio, the Agency
calculated the quantity of volatiiized NDPA for 12, 24. 48.
96, and 19 2 trou r-s- post-treatment", thus::-

NOPA In Air

T1me{hours}

ng/m3

1.01

6-12

0.68
l.75*
0.56
0.39

12.-24
24-48
48-96
96-19 2.

The concentration of NOPA in the air was then

e va l u ate d for re - e rTt r y per i od s ( the i nt

er val be "tween the

time a pesticide fs applied and the time a worker re-enters
the field) in soybeans, cotton, beans, tomatoes, col~ crops,
and tree and vine crops~ Tables 7, 8~ 9, and 10 summarize
these findings.

From this analysis the Agency determined that

there would not be quantifiable inhalation exposure to NOPA
from the air over treated soybean and cotton fields at the

average time of first re-entry (day 14 and day 30, respectively}~

Based on this model, the total annual NOPA exposure

fa~ a field worker performing all re-entry activities in the
remaining erops assessed would be:

Total Exposure

(Dermal~Inhalation;

ug/Year)

Beans

0.05

Tomatoes
Tree and Vine
Cole Crops

0.09
0.24
0.09

*/ Water was applied to soil at this point, increasing NDPA
- volatilization from soil.
-38-

TABLE 7
WORkER RE-ENTRY EXPOSURE TO NDPA IN BEANS
(ug/year)

Act hity
Second
Incorporation!/

Average Days Hours Spent
Concentration
In Air
Inhalation Dennal~/ Total
After Treatment In Activity
(Range)
Per Year
(Hicrograms/m3.._)_ _
Ex__..p_o_su_r_e_..;...E___,xp.__o_s_ur_e_E_x...._p_os..;...u....;_r..;...e
7

6

Planting

18
(0-35)

13

Tillage

42
(28-56)

20

56

8

Irrigation

0.00039

0.003

0.042

0.05

(0-14)

(28-84)

Harvest

98
(49-147)

32
• I

TOTAL .. 0.05

1/ lOi of total ts bedded cultured requiring no second incorporation.

"'%./ This is estimated to be 15 times Inhalation exposure.
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TABLE 8
WORKER RE-ENTRY EXPOSURE TO NOPA IN TOMATOES
(ug/year)

Activity

Seeding!/
Til 1age

(One time)

Average Days Hours Spent
Concentration
After Treatment In Activity
In Air
Inhalation Denna1!/ Tot~l
(Range)
Per Year
(Micrograms /m3.)__E;. .x. ,.p_o__
su..;. r. ;;;.e_..;. .E__,xp._o..;;;.s"""'ur,. ;;e----'E""""xJ..p~os-"u.;.;,.r_e
3

8

42
(28-56)

5

45

8

Irrigation
(four times)

(7-84)

Hand Hoeing

35
(28-42)

125

105
(90-120)

16

Harvest

0.00056

0.08}

Q.09

TQTAL " 0.09
I -

17 Most tomatoes are directly seeded

l/

0.005

(0-7)

(90S) and do not require second 1ncorpor~tion.
This is estimated to be 15 times inhalation exposure.
·
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TABLE 9
WORKER RE-ENTRY EXPOSURE TO NDPA IN TREE AND VINE CROPS
{ug/year)

Activity
Second
Incorporation
Planting!/
Irrigation
(Eight times)
T111 age and
Spraying
Harvest

Concentration
Average Days Hours Spent
In Air
After Treatment In Act iv1ty
Per Year
(Micrograms/m 3)
(Range)
3

0.00056

6

Inhalation Dermal!/ Total
Exposure Exposure Exposure
0.004

0.06

0.06

(0-7)
7
(0-14)

24

45

16

0.00039

Q.011

0.165

0.18

(7-210)
134
(28-240)

66

210

224

(150-270)

TOTAL

1/ Fifty percent of total acreage consists of new planting.

71,/ This is estimated to be 15 times inhalation exposure.
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a

0.09

TABLE 10
WORKER RE-ENTRY TO NDPA IN COLE CORPS
(ug/year)

Act hity
Second
Incorporation
Direct Seedling!./

Average Pays
After Treatment
(Range)
0

tfours Spend
In Act1v1ty
Per Year

Concent rat ton
In Air
ln~alat1on Denna1 2/
Exposure · Exposure
(ug/m3)

J

0.00056

0,002

6

0.00056

0.004

Total
Exposure
0,03

(0-7)
3

0.060

0.06

(0-7)
T111 age

45
(lB-63)

6

ttand Hoeing

42
(28-56)

16

lrrigat ion
(Sh times)

45
(7-84)

12

(Two times)

Harvest

105

(84-126)

44
(225-1100)

Total

0,09

17

Sixty ?ercent of total acreage is directly seeded; transplant,ng requires about 9~
hours per worker.
·
'f/ This is estimated to be 15 times 1nhalat1on exposure.
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In this model the Agency chose not to include a
factor for photodegradation of NDPA, a well-established

characteristic discussed in Section II (B) of this document.
Therefore, in the second model the Agency incorporated

factors for photodegradation into these calculations, which
resulted in an estimate of even lower levels of NDPA in the
air at times when workers are in.the r1eld.

In order to estimate such NDPA exposure considering
photodegradation the Agency used the study by Oliver

previously discussed (USDA, 1978). In that study by Oliver
NDPA volatilization from soil which had been treated' with
trifluralin containing 18 ppm NDPA was monitored over an
eight-day period.

In the first six hours l.46j of the NDPA

had volatilized into the air above the soil, and after

eight days a total of 3.77% of the applied NDPA had
volatilized.

Very little additional NDPA volatilized after

two day~.

~2a-

An upper limit to the air concentration of NDPA
was calculated from an assumed appllcation rate of 1.29

pounds of active ingredient per acre, 3.5 ug NDPA/g active
ingredient, a volatilization rate of l.46~ of this material
into a 2-meter layer of air above the ffeld in the first six
hours, and no dilution from air convection. The concentration
was estimated to accumulate to 8.4 nanograms NDPA/m 3 of
air in the absence of photodegr~dat1o~

However, with a

photodecomposition half-life of twenty minutes, the concentration would likely decrease to (1/2) 18 x (8,4 nanograms/m 3 },
which is a negligible amount.
Dermal NDPA _exposure from contact with t~~_c9mpound
in soil dur~ng re-entry to treated fields is theoretically
possible.

This quantity is difficult to estimate because of

the extreme variability of the field activities performed, the
degree of physical contact with the soil by workers,
the amount of exposed body area, the length of time exposed,
and the partitioning co-efficient of trifluralin between
soil particles and the part of the human body which comes
into contact with the soil.

This exposure is expected to be

low. if it exists at all, since the level of NOPA in the
product is already low and application disperses it still
further.

To quantify this. an upper limit to the level of

potential exposure to fieldworkers was calculated.

West and

Day (1977) found up to 0.19 ug NDPA/kg soil 26 days after

application of 0.75 lb active ingredient/acre.
used contained from 78-252 ppm NOPA.
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The trifluralin

If 1t 1s assumed that a worker entering the field has
a total uncovered skin surface area of 2~900 cm 2 (Mittelman,
1978), and that a uniform layer of soil forms a film on the

uncovered sk1n 1.0 mm th1ck~ the maximum quantity of NOPA
can be calculated thus:
S •

(SA 8 )(T)(Q)

S

Quantity of soil on exposed skin (grams)

where:
s

SA

• Exposed body· surface area

8

r•

Soil layer thickness on skin area

Q

Quantity of soil in a cubic meter

s

(assuming a soil density of 3.0)

~

(0.29m 2 )(0.00lm)(3,000~000 g/m 2 ) ~ 870 g

s

Then the NOPA in the soil adhering to the exposed skin would
be calculated thus:

NOPA in soil on skin

a

(S)(Rs)

where:
~

S
R

s •

Quantity of soil on exposed skin (kilograms)

NOPA soil residue (based on old trifluralin having
from 78-252 ppm NDPA contamination)

NOPA in soil on skin: (0.87 kg) (0.19 ug/kg in sail)
• 0.1653 ug
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By this model, 0.1653 ug NOPA would be in the soil
adhering to the skin.

However, only an unknown fraction of

this amount is actually expected to translocate into

•

the body.

This would depend upon the amount of NDPA that

moves from the soil to the skin surface, the amount that
penetrates into the skin (assumed to be about 22J by CAG),
the actual contamination level in the product (currently
less than l ppm as opposed to 78-252 ppm 1n the study
leading to the 0.19 ug NOPA residue), the photodegradation
of NDPA 1n the soil or on the skin, and other factors.
By applying the penetration factor of. 22~, the level decreases

to about 0.036

ug

during re-entry if all NOPA adsorbed onto the

soil particles is assumed to move from the soil~~ the skin
surface.
3.

Exposure to Other Workers·

In addition to these large groups, several smaller
groups use or are exposed to trifluralin products:

nursery

w~rke~s, aerial applicators, flaggers, and landscape contractors.

Exposure of aerial applicators and flaggers to NDPA

is unknown but negligible compared to that received by
ground applicators, because little trifluralin is applied
aerially (Mittelman, 1978).
A small but unknown number of individuals apply
Treflan EC to nurseries.

This product is applied

dures similar to those used on agricultural sites.

by

proceExposure

to these nurserymen 1s not likely to differ from that to
applicators for other agricultural uses.
-45-

In addition, a small number of nurserymen and landscape
contractors apply Treflan si granular product.

There are no

data with which to quantify potential inhalation exposure
from· this use.

Assuming normal care is used, it is unlikely

that significant dermal exposure would occur during application of this formulation (due to lack of contact with the
granules by the applicator during application (Mittelman,

T97Sr4.

Potential Formation of N-nitroso Comoounds
After Treflan Application

OipropyTamine ts expected to be a carryover product
at levels to 10 pp~ during production of triflu~alin.

Oay

et al. (1977) found that dipropylamine, a material used in

the synthesis of Treflan, reacted slowly with the nitrite
present in lfquid f~rti1izers to form low concentrations of
NOPA (0.002 ppm) over a 42-hour period.

However, 48 hours

after mixing rreflan with various liquid fertilizers, Day
detected no increase in the NOP~ content of the Treflan.
One of· trifluralin's photodecomposition products is
2.6-dinitro-N-n-propyl-trifluoro-p-toluidine (Leitis and
Crosby, 1974; Soderquist et al., 1975).

A potential N-nitroso

product 1n soil would be 2,5-dinitro-N-nitroso-N-n-propyltrff1uoro-p-toluidine. Golab and Althaus {undated)
applied 14 c-Tabeled trifluralin to field plots at the rate

of l.5 Tb active ingredient/acre to soil fertilized with 500
lb/acre of 6-24-24 fertilizer.

Analysis by Thin Layer

-46-

Chromatography and Liquid Scintillation Counting four months
after app11cation revealed a potential concentration of
0.08 ppb of such a dealkylated N-nitroso compound

in soil.

Since this level was lower than the reliable sensitivity of
the test method {0.1 to 0.5 ppb},

ft

is not certain that the

compound is actually formed in the soil.

Even assuming that

the compound is formed, the maximum level in soil would be
0.08 ppb; and, therefore, human exposure fs likely to be

insignificant (Mittelman, 1978).

5.

Exposure From Products Used Around the Home

A number of products containing trifluralin are

formulated for use ·around the home.

The concen~ration of

trifluralin in these products is generally low; only a few
contain greater than 2.ai trifluralin.

Because of the low

use of trifluralin in this group, low concentration, application procedures which lead to little physical contact, and
the small size of treated areas involved, the Agency does
not expect that homeowners would be exposed to measurable
levels of NDPA from such uses.

NOPA levels reported to the Agency for a number of
home use products produced from old manufacturing use
trifluralin (having much higher NOPA levels than that
presently produced) are summarized in Table 11.

Such

products should contain even less NDPA as the new trifluralfn

which has less than 1.0 ppm NDPA 1s introduced fnto commerce
during 1979.
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TABLE 11
(Mittelman 1 1978b)
NOPA LEVELS IN PRODUCTS FORMULATED FROM OLD TRIFLURALIN

Trifluralin In Formulated
Pr-oducts (i)

Concentration of
NDPA Reoorted (pom)

<

1.1'T
t .. 75"
3 ..0..

0. 1

0.5" - 0.8

<

s .. o

a.,

0.45
0.6

~.o

The· leve-I

or
detection
.
.
'

',,las

er. r .ppm.
.

in- these a·nalyses •

Two of these analyses showed no detectable residues
of NOPA in the product.

Those remaining contained an amount

that would be below the level o~ detection when applied to
the soil.

6.

Dietary Exposure
a-· Background

Thi~ discussion of potential dietary exposure is

confined to NDPA residues in treated crops since the cancer
risk {tbe ocly quantifiable risk in this assessment) is a
property of the NDPA contaminant of trifluralin.
West and Day {1977a) could not detect NDPA at a test

~ensitivity of 0.10 to 0.20 ppb in crops grown on agricultural
land treated for successive years ~1th Treflan EC, which
contained as much as 450 ppm NDPA.

Crops analyzed included

soybeans, mature cotton 3eed, mature cauliflower (fruit and
leaves), mature car-rots (roots and tops), volunteer- alfalfa,
and

cotton seedling~.
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Laboratory studies, however, have indicated that
nitrosamines can be taken up by plants, at least during the
short-term.

In a study by Dean-Raymond and Alexander {1976}

during which relatively large amounts of d1methylnitrosamine
(DMN)were added to soil in clay pots, lettuce and spinach

assimilated DMN during a 2-to 15-day interval in proportion
to the amount added to the pots in which they grew.

Berard

{1977) grew soybean plants with their roots immersed in a
nutrient solution containing 0.17 ppm NDPA (6.72 ug/eontainerr.
The 10-day-old plants took up 0.3 to 0.8 ug equivalents
of radio-labeled NOPA over a seven-day treatment period.
Berard and Rainey (1977) planted soybean seeds in
soil treated with

Treflan EC, to which radio-labeled NDPA

had been added at a concentration equivalent to 5,000 ppm.
These soybean plants contained 0.00025 ppm and 0.00012 ppm
NDPA equivalents after 21 and 49 days, respectively.

In

this test, control plants contained background radioactivity
levels equivalent to 0.00010 ppm and 0.00006 ppm NDPA at the
same sampling time.

In addition, seed from soybean plants
•

harvested 119 days after the fn1t1al soil treatment with
Treflan contained no radioactive residue.
b.

Exposure Estimate

To maintain consistency within the various exposure
estimates, the Agency estimated dietary residues based on an
NDPA contamination level of 5 ppm in the formulated product

\

(Treflan EC).

At this level in the Treflan EC formulation,
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the ratio of trifluralin to NDPA 1s 89,000 to 1. The Agency
used this ratio to calculate the exposure to NDPA from data
on triflural1n.

To estimate exposure to Treflan containing

other levels of NDPA contamination, this ratio would be
changed as appropriate.
Tr1fluralin can be recovered 1n the marKet basket
survey procedures of the FDA~ but no such residues have been
reported.

However. ther~ are a few reports o~ trifluralin

.

-

found by the FDA in its surveillance and compliance programs
for the period 1975-1977.

No residues were found in sur-

veys by APHIS of USDA. Furthermore, there are no known

reports of residue~ of NOPA found in any af these surveys.
For these reasons other means were used to devefop the
~probable case" exposure (summarized fn Table 12 for
trifluralin and. NDPA)~

Thi£ method uses information on the

percentage of crop acreage treated, published information on
trifluralin tolerances, data on food factors, and an
established trifluralin to

N □ PA

ratio of 89,000 to 1 fn

formulated Treflanr

The total probable dietary exposure to
NOPA fs about 1.92 x 10- 9 mg/Kg body weight/day (Beusch

and Johnsonp 1978).
For comparison, available data on NDPA residue
analyses of the few crops listed above (West and Day, 1977a)
were used to calculate a residua level based on the sensitivity

of the analytical method used.

In _so doing, it was necessary

to assume NOPA was present in crops at the level of detection
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TABLE 12

POTENTIAL DIETARY EXPOSURE TO NDPA
Maximum

!1

Food Type

ijailY NDPA Intak!J

(x 10-) mg/kg of Die~

Asparagus
carrots
Citrus Fruit

0.79
21.~
1 .69

5.. 62
0.59

Corn, grain
C.Ottonseed

CUrcurbits
Cantaloupe
CU.Cumber
watermelon
Fruiti.Dg Vegetables

0.29.

1.19

Peppers
Tana.to
Grapes/Raisins
Hops
Leafy Vegetables
Broccoli

2.4,

. ,.

0.26
11.09
0.22
0.04

0.37

-

Brussel Sprouts

0.11

2.76 - -

~bage

Cauliflower
Celery

0.22
0.64
0.43
0.16

C.Ollarda
Kale
Mustard Greens
Turnip Gr-eens

0.29

0.16
6.74
0.04
0.40

Hung-Beans

Nuts
Peanut.a

Peppermint
Root Crop Vegetables

0.52

.satnower

1.62
0.17

Potatoes

Seed/Pod Vegetables
Beam

Soybeans

8.66
· 1.95
0.54

Peas

0.39
0.09

Ckra

Dill

Mustard Seed

0.17
0.52
0.70

Spea.rmirlt

stone Fruits

Sugar,

cane

0.11
0.54

-76.69sY

'Wheat.

All Foods

17 To estimate exposure to tr1nuralin conta1njng- l
these figures would be ~vided by 5.
•
2/ Equivalent to 1.92 x 10- mg/kg body weight/day:
[(76.695 mg/kg of diet) (1.5 kg diet/day)]

60

2.39

& Beet ·

Sunnower

kg
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ppm

NDPA

.

fo~ th1s method (O.l ppb).

Using this method, the total
dietary exposure is 2.3 x 10· 7 mg/kg body weight/day. This
estimate has not been used further in the Agency reviews
since it is two orders of magnitude greate~ than the previouslystated level, which is the maximum level that could be present
if all of the NDPA in trifluralin (at 5 ppm contamination)

were taken up by plants growing on treated sites.

F.

Cancer Risk Assessmen~·
I.

[ntroduc~ion

The Agency's [nterim Cancer Assessment Guidelines
(Cancer Guidelinesl (41 FR 21402) state that when a chemical
1s judged to be a potential human carcinogen, the Agency
will estimate its possible impact on public health at
current and anticipated levels of exposure. The Cancer
Guidelines aTso recognize that the available techniques for
assessing the magnitude of cancer risk to human populations
based on animal data are at best very crude; this is due to
uncertainties in the extrapo1atfon of dose-response data to
very 1ow dose levels and to differences in levels of
susceptibiTity of animals and humans~

Accordingly. these

risk estimate~ are neither s~ientific certainties no~
abs~T~te upper limits on the risk of cancer from use of
Treflan·-

Rather~ these estimat~s should b~ viewed as a

health hazard fndex that incorporates the degree of carcinogenic activity and huma~ exposure to the compound.
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The Agency estimated the risk of cancer to Tref1an
users in 1977 when it responded to a petition to suspend
registrations for this herbicide (42 FR 40009, August 8,

1977}.

Due to inadequate NDPA field monitoring data,

additional assumptions to those normall~ made in risk
estimation were necessary in that analysis. The 1977
estimate is summarized in Table 13.
2.

Evaluation of Cancer Data~:~

The Agency's Carcinogen Assessment Group (CAG) has
prepared an update of the 1977 estimate of cancer risk from
trifluralin (Treflan)/NDPA use.

This expanded evaluation

(CAG, 1978) was bas-ed upon a large volume of da~_a_ ~rom the
published literature, special field monitoring data provided
by

the registrant, and contact with various experts knowledge-

able in relevant scientific disciplines.

These studies are

discussed in the following sections.
a.

Trifluralin

Three lifetime rodent feeding studies assessed the
carcinogenicity of trifluralin.

Two were performed by the

registrant (Worth et al., 1966), and one was conducted by
Hazelton laboratories America, Inc. under the sponsorship of
the National Cancer !nstitute (NCI. 1978).
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TABLE 13

CARCJHOGENIC ~ISK TO AGRICULTURAL WORK~RS
FROM A TWO-YEAR PERIOD
1
OF EXPOSURE TO NOPA1-Rft Model

Categori

Appl1cator$
~ 1n41v1dual R1$k
Number Qf Caoc~r

X

Ca$e!i

2,0
9.6

)(

Numl>~r of C41ncer c,se~

7,1
2~7

field Worker$
lnd1v1dual Risi(

X

X

------------Risk

10- 1
10- 2
10- 8
10-l

1/ Treflan was assume4 to cooit1n 16 ppm NDPA for th1s
ioalysh,

log-Prob ft Mode 1
4.5

X

2t 0

X

)O-l 2
lo -6

(1)

Rat Study R31-61 {Worth et al., 1966}

In this study, male and female Harlan-Wistar rats
were fed trifluralin for two years.

Out of the initial six

animals of each sex in each dose group, the proportion of
animals surviving was 1/12 of controls, and 6/12, 4/12,
2/12, and 0/12 in animals dosed with 20, 200, 2,000, and
20,000 ppm trifluralin, respectively.

The animals in the

highest dose group were much smaller and died at a much
earlier age than the animals given other doses.

According

to an FDA review (Schultz, 1967), the difference in ages at
death was statistically significant.

A variety ~t pathological

conditions were observed, but too few of the animals
survived to draw meaningful conclusions. The CAG concluded
that this study showed no evidence of carc1nogen1c1ty,
but that the study was not an adequate basis for safety
evaluation because of the low number of animals in each
test group and the low number of animals surviving (CAG,
1978).
(2)

Rat Study R0283 (Worth et al.

1

1966}

Worth et al. {1966) fed male and female Cox r~ts
doses of 0, 200, 1,000, and 2,000 ppm trifluralin for two

years.

He used 25 animals of each sex per dose group.

There were no sfgn1f1cant differences between

dose

groups in

the number of survivors. food consumption, weight gain,
hematocrit, hemoglobin. red blood cell counts. glucose,

or serum glutamic pyruvic transaminase (SGPT) determinations.
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The number of survivors in each group ranged from 9 to 13 of

the fnftial __25, except for the group of 1,000 ppm males,
from which only three survived.

In the pathological

diagnosis, the only treatment-related effect> observed were:
an increase in pheochromocytomas of the adrenal medulla in
males of the two h1gh dose groups; an increase 1n "light

ceTla adenomas and· carcinomas of the thyroid in the
ma..les of the two higJt..e.st dose- groups.;. and. a higher rat.e

or

progresstve glomerulonephrosis in all treated males than in
controls.

Sf nee only the latter effect was statistically

significant, the CAG

concluded that this study showed no

evidence of carcinogenicity and that the

study was an ade-

quate basis for safety evaluation. Schultz (l967t;:in his
review of this study for FDA, concluded that thyroid and

kidney lesions indicated a possible chronic endocrine system
abnormality.

(l}

Ncr Bioassay

(Ncr.

1978)

[n thi~ study, tr1fluralin was fed to Osborne-Mendel
rats for 78 weeks; the animals wer~ observed for an additional
33 weeks and then sacrificedp

The same preparation was

administered to B6C3Fl mice for 78 weeks~ and the animals
were observed for 12 additional weeks and then sacrificed.
Tha

technical grade trifluralin used in this study

wa~ characterized at the beginning of the bfoassay by
melting point range determination and gas-liquid chromatography.

The material had a wide melting-point spread (6°C}.
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indicating that more impurities were present than company
specifications indicated.

The chromatographs showed 13

minor peaks and indicated a purity of greater than 90i.
Results of a second analytical characterization done one
year later showed no significant sample decomposition. Three
years later (after the completion of the bioassay)> NOPA was
found in the test material at a concentration of 84 to 88
ppm.

The rats initially received doses of 13,000 and 6,500
ppm trifluralin. In week 22· the doses were reduced to 6,500

and 3,250 ppm because of toxic signs.

Then in week 63, high

dose females were fed no trif1uralin for a week, then fed
6,500 ppm for four weeks. This cyclic pattern of one week

off and four weeks on was continued for the rest of the
treatment period.

In the high-dose male rats the cyclic

feeding procedure was started at week 68 of the experiment.
The low dose males and females, however, received a constant
dose.

Table 13 gives the time-weighted average doses of

trifluralin and ~CPA fed to the rats.
The initial trifluralin concentrations for male mice
were 4,000 and 2,000 ppm; for female mice they were 9,000

and 4,500 ppm.

In week 18 the female doses were reduced to

4,500 and 2,250 ppm, and in week 57 the compound was withdrawn
fro~ the high dose group of both sexes.

The cyclic pattern

descrtbed for the rats of one week off and four weeKs on the
compound was continued for the mice until week 7B.
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The time-weighted average doses of trifluralin and
NOPA fed to the mice are tabulated in Table 14, along
with the TtfetiITTe averages.

The lifetime of the experiment

was the feeding plus observation time, which was 90
weeks for mice and 111 weeks fo~ rats ..

During the course of

this bioassay several pathology protocols were in effect>
each for different perfod~ of t1me ..

In addition, ·the number-

of animals for which particular organs, tissues, or lesions
were examine~ microscopically varied and does not necessarily

represent tha number of animals that were placed on experiment in each group. 7 /

At the dose levels used in this experiment, the
results are inadequate to demonstrate thai trifluralin is a
carcinogen in Osborne-Mendel rats (NC[. 1978).

The survival

of th~ rats was adequate, since over- 46i of the rats survived
fn all group$ and treated groups did not differ sfgnift-

cantTy from controls.

The body

weight was uniformly lower

in treated groups tharr controls, and clinical symptoms of
aging wer~ observed in all groups.

The histopathological

findings were typical of aging ratsp with no significant

differences between treated and control groups.
However. in female B6C3Fl mice, trifluralfn was
associated witrr a statistically significant increase in
7/ The Agerrcy's Carcinogen Assessment Grou~ {CAG) considers
trrese variations to be inconsequential in the final
analysisp ~fnce they are adequately accounted for in
th~ tabulated data.
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TABLE 14
TINE-WEIGHTED AND LIFETIME AVERAGE DOSES OF TRIFLURALIN AND NDPA (ppm)
(NCI. 1978).
Species
Male Rats

Dose

Group

Low

8,000
4,125

Female Rats

High

7,917

Low

4,125

Male Mice

High

High

Triflb~fft~me

Time-Weighted Avera~
Tri fl ura 1in
NOPA,:;7

~veraR~{

.688

5,622

.483

.355

2,,899

.249

.681
.355

5,563
2,899

.479
.249

3,744

.322

2,000

3,245
1,733

.279

.172

5,000

.387
.205

.:.

Female Mice

Low

High
Low

5,192

2,740

.447

.236

2,375

--.

-

.149

1/ Average over the duration of dosing and observation. The conversion
factor for rats is 78/(78+83) and for mice 78/(78+12).
J:../ NDPA is assumed to be present at 86 ppm 1n the technical tr1fluralin.
- - ... _..
~

•

~ ~. 4.

• •. •, -
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..

-.

hepatocellular carcinomas and alveolar/bronchiolar adenomas
under conditions of th1s experiment (NCr, 1978). Table 15
presents the data on which these conclusions were based.
Although the incidence of squamous cell carcinomas of the
stomach was not statistically significant compared to either
matched or pooled controls, this tumor type is rarely seen
in thi~ strain of mouse.

rn

fact, in none of the 1,985

untreated female (B6C3Fl) mice in the NCI bioassay program
h-as a. t-umor of- ttris: type· been found. WJttr· such a low-

historical background rate (0/1985), NCI considered even one
squamous cell carcinoma of the stomach to be a biologically
signfffcant finding.

The NCC report concluded that the

occurrence of'-related proliferative lesions of the stomach
in treated animals provided supplementary evidence that
these tumors were related to the trifluralin treatment.

NCr

found no sfgnfficant differences between treated male mice
and either pooled or matched controls~

The survival patterns were also different for males
and females. The males of both dose groups and the control

grou~ died earlier irr the bioassay tharr did the females; the
male- survival rate for all groups was about 40%.

In females

the control and Tow dose survival rate stayed above 90% even

at 90 weeks, whereas in the high dose group the 60% survival
point was at 86 weeks (compared to 63 weeks for high dose

males). Since irr the last 10 weeks mortality in high-dose

females was accelerated more than irr the other groups, fewer
were at risk from late-developing tumors~ therefore. the

incidence of tumors i~ the- females of the high dose group
might be underestimated.

of this effect.

NCI did not estimate the magnitude
-60-·
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TABLE 15
INCIDENCE OF SIGNIFICANT TUMORS IN FEMALE MICE FED TRIFLURALIN

(NCI,1978)

L1fet1me Average
Doses {ppm)
NDPA
Triflural in
0
0

2,375
5,000

0
0
0.205
0.387

Hepatocellular
Carcinomas
0/60
0/20
12/47
21/44

Lung:
Stomach:
Alveolar/Bronchiolar Squamous Ce 11
Adenoma
Carcinoma

(pooled)
{matched) ·
(26i)
(48i)

0/59 tooled)

011'9" matched)
6/43 14i)
3/30· ( 101.)
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0/60 ~pooled)
0/20 matched)
4/45 (9%)
1/44 (~)

(4)

Summary of Trifluralin Carcinogenesis Studies

The chronic rat studies submitted fn 1966 by the
registrant contained no evidence of carcinogenesis at doses
up to 20,000 ppm.

However, the NCt bioassay demonstrated a

significant increase of hepatocellular carcinoma and alveolar/
bronchiolar adenomas in female mice fed trifluralin at 2,375
and 5,000 ppm*

Trifluralin induced no detectable carcinogenic

response. in male mice. o.,... f"n_ rat~ of e.tt.har se.x ...

The frregu~

Tarity of the NCl dosing schedule and the variation in
pathology protocols do not invalidate the results of this
test. but the positive response in female mice could have
been caused by the high levels of NOPA found in the trifluralin
used in the study.

This possibility is discussed further in

the following section.
b~

NOPA

(l) Method
Four rodent lifetime studies on the carcinogenic
effects of NOPA have

been published:

two concerning rats,

NDPA induced a carcinogenic

one- hamsters, and one mice.
responsa in alt four studies.

In order to evaluate

the poss1bilfty that the carcinogenic response observed in
the NCr bioassay was due to contamination by NDPA, the
Agency has reviewed the organs affected in each study and
quantiF1ed the potency of the compound in inducing the
e.ffect.
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To quantify the potency, the Agency evaluated the
slope B of the one-hit dose-response model:
( l)

where:

I•

Tumor incidence after correction for the control
incidence with Abbott's correction factor~/,
Time during the exp~rimenLwhen the incidence I

t •

was measured {expressed in fractions of a lffetime)
d ~

Lifetime average daily dose (expressed as ppm
.,,
equivalent dietary concentration)

m =

A constant to be determined from the-data 9 1

When the dosed is expressed in these units, it can
be assumed that the potency factor! is applicable to all

species.

This is equivalent to assuming that the tumor

induction time in days is proportional to the animal's life
span, and that the carcinogenic efficacy of administering
the compound at a certain dose rate (1n mg/day) is proportional to the animal's rate of calorie, food, or oxygen
consumption.

8/ The factor is I• (p -p }/(l-p ) where p is the
~roportion of treated animafs withctumors anB Pc is the
proportion of control antmals with tumors.
9/ This value is assumed to be 3.0 when no data are available
Tn th~ experiment.
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{2)

Oruekery et al •• 1967a

Oruckery ~t al. {1967a) administered NOPA in the
daily diet to B-0 rats at dose levels of 4, 8, 15, and 30
mg/kg/day for the lifetime of the animals.
wer~ observed between males and females.

all 15 rats had liver cancer.

No differences
At 30 mg/kg/day,

At 15 mg/ kg/day, all 15 had

Tiver cancer, and one had esophageal cancer as well.

At 8

mg/kg/day, 15 of the lo h-ad live·r cane-er, and four-also had
carcinomas of the esophagus and pharynx.

At 4 mg/kg/day, 12

of 14 had liver cancer, six• had carcinomas at the base of
the tongue, and an unspecified number of others had esophageal
cancer.

The average induction time for the tumors (organ

not specified but probably liver tumors) was 120,·1ss, 202,
and 300 days for the dose groups of 30, 15, 8, and 4 mg/kg/day,
respectively.

Using a series of equations described in

detail in the Agency's cancer risk assessment of trifluralin

(CAG,. 1978), the Agency calculated the potency of NDPA
to b~ 0.0733 in Druckery's rat experiment.
(l)

Reznik et al., 1975

Reznik et al. (1975) administered NDPA subcuta~eously
to Sprague-Dawley rats once per week at doses of
48.72, and 97.4~ mg/kg/week for life.

a.

24.36»

The surviving controls

wer~ sacrificed 100 weeks after the start of the experiment;
aTT 10 rats fn each treatment group died by week 71.
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All animals were autopsied and histologically examined. The
data, presented in Table 16, show that, with the exception
of lung tumors in females, both males and females had a
statistically significant hfgher incidence of tumors
of the nasal cavity, lung, esophagus, and liver than controls
(p

< .OS with no correction for multiple comparisons).

The

highest incidence occurred in th·e. nasaf ·cav1ty and the
liver.

The potency of NDPA in this experiment was 0.0763.
(4)

Pour et al •• 1973

.

--

..,.·

Pour et al •.(1973) demonstrated the marlce_d__carcinogenic
effect of NDPA in Syrian golden hamsters.

In this study

Pour et al. administered NOPA subcutaneously once per week
to hamsters at doses of 3.75, 7.5, 15, 30, and 60 mg/kg/week.
A control group was used in these experiments, but no data
were given for it. Initially 40 animals (20 females and 20
males) were started in each group.

The experiment was

terminated after the death of the last treated animal. and
complete necropsies were performed on all animals except
those lost through cannibalism.

Table 17 shows the findings,

which are not broken down by sex, since both sexes responded
in the- same way.
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TABLE 16
INCIDENCE OF TUMORS IN SPRAGUE-DAWLEY RATS FROM NDPA
(Reznik et al., 1975}

2
Averag~
11
y
Oose
s~r 1val
Sex
T1me wks TBA

i1a

8
6

0

24.8
26.9
39.8
78.0

female 278
139
70
0

27.8
35,0
38.2
85.6

8
8

Hale

139
70

8

2

Nasal Tumors

9&1

H N MS

Endoturbinals

7/10 p=.00042 1/10 p=.~3
5/10 p=.0088 0/10
7/10 p=,00042 3/10 p=.030
0/20
1/20

4/10 p=.031
7/10 p=.00042
1 ,· 6/8 p=.0030
5
l/20

1/10 p=.33
6/10 p=.00035
2/8 p=,074
0/20

Lun s
4/10 p=.0077 1/10 p=!33
3/10 p=.030 5/10 p=.0018
0/10
1/10 p=.33
0/20
0/20

6/10 P7',0018
0/10
0/10
0/20
I ..

2/10 p=.103 1/10 p=,33 6/10 P"'5,00035
1/10 p=.33 0/10
2/10 p=,103
1/8 p=.29 3/8 p=,017 0/8
0/20
0/20
p120

J/ Doses are calculated as ppm dietary equivalent ~ssum1ng

rats eat 51 ~f their body weight/day, for exampl~. the
highest dose is 97.44 mg/kg/week x 1/7 x 1/.05 = 278 ppm.
l,/ Average survival time was not given separately for male~
and females,
3/ Number of tumor-bearing animals. 4/ H =
maxilloturbtnals. N = nasoturbinals 1 HS= maxillary sinuses.
5/ Results of fisher's exact test for the significance of
the differences in proportions between treated and control
groups are designated as .e_ values.
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1ver

TABLE 17
INCIDENCE OF TUMORS IN SYRIAN GOLDEN HAMSTERS FROM NDPA

(Pour et al., 1973)

Laryngobronch i a1
Effective
~asal and Paranasal
tumors
,
Number Average
Tumors
[atencx7£Y
Dose
Of
Survival
[atenci7
Incidence [lfetime
(ppm) Animals Time (wks) Incidence [Hetlme

y

Lung Tumors
[atencf7
Incidence [lfe-ime

6,7

32

54

'l.2/32 ... 69 38/85 .45 21/32 =.66 38/85 1::.45

13,4

40

49

22/40

26~8

36

40

30/36 •.83 26/85 ~.31

53,6

40

33 .

26/40 •.65 16/85 .19 39/40 .98 16/85 ... 19 12/40 •.30 28/85

107 .1

37

29

34/37

11

11

,55

26/85 ... 31 32/40 .80 28/85· 11 .33
11

11

11

34/36 -.94 24/85 ,28
11

11

5/32 ... 16 42/85 ... 49
8/40

11

.20 46/85 •.54

6/36 ... 17 28/85 .33
11

11

,33

.92 24/85 .... 28 37/37 11 1.0 17/85 •.20 25/37 ... 68 24/85 a:.28

17 Doses are calculated as ppm dietary equivalent assuming
hamsters eat 81 of their body weight/day as follows
(1/7)(1/.08) (dose in mg/kg).
2/ Lifetime was assumed to be 85 weeks in the absence of.
data on controls. This ts between the standard lifetime of
mice (78 weeks) and rats (104 weeks),
·
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rn the nasal and paranasal cav1ties, Pour observed
benign tumors, squamous cell carcinomas, and adenocarcinomas.
The number of squamous celT carcinomas in all animals

increased slightly with dose~ but the number of adenocarcinomas
was strongly dose•dependent~

Tumors were also found in

th~ larynx. trachea> and sternal bronchi.

The number of

t'Umors frt al 1- t'hree are-as was- dose-dependent, but thera.ti a:.. of carc:..i nomas. to benign. tuma.rs wa.s. not gj ven.

Pour-·

found adenomas (which were not dose-dependent) as well as
carc1nomas (which were dose-dependent) in the lung.

The

potency of NDPA in producing nasal, laryngobronchial, and
lung tumors was 0.354, 0.0722, and 0.0884, respectively,
in this experimenti
(5)

Dickhaus et al., 1977

~ickhaus et al. (1977)

administered NOPA

subcutaneously once per week to female NMRI mice at dose
levels of 138, 69, and 34.5 mg/kg/week. A control group
was maintained. and the control animals were sacrificed
afte~ the last treated animal had died. Table 18 shows the
histopatholagical findings.

Dickhaus observed a high

incidence of tumors in the nasal cavity. respiratory
tract> ~ungs. and upper gastrointestinal tract 1n this
experiment.

Nasat eavity tumors were squamous cell

papiTTomas and carcirromas.
Sigrrtf1cance at the lowest dose occurred both with
nasal tumors and a combined group consisting of pharynx~
esophagus, and stomach tumors.

Although in bath cases the
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TABLE 18
INCIDENCE OF TUMORS IN FEMALE NHRI MICE FROM NDPA
{IHc~~aus et al. 1 1977}

l/ Average
Dose
Survival
(ppm) Time (wks)

Nasal Tumors
EndoNasal &
Max111o 2/ and EctoTurbinalsTurbinals

larynx
Trachea
Bronchi

Pharynx
Esophagus·
Stomach

Liver

lung

152

29

5/12 p=.052

4/12 p=.033

6/12 p=.0040

7/12 p=-.0074

4/12 pa.033

2/12

76

36

4/14 p ,l6

7/14 p•,0029

6/14 p•,0080

7/14 pa.016

1/14

7/14

38

44

9/14 p•,0022 3/14 p• .110

3/14 p-=.1~

0/14

11/14

0

79

l/i4

0/14

0/14

10/14

11

0/14

13/14 p-=4.9x10- 6

1/14

1/ Doses are calculated as ppm dietary equivalent assuming
mice eat 131 of their body weight/day. for example. the
highest dose is 130 mg/kg/wk x 1/7 x 1/0.13 = 152 ppm,
2/ The ~-values are results of Fisher's Exact Test for the
significance of the difference 1n proportions between
treated and control groups.
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;

tumor response was considerably less at the two higher
doses, thfs must st111 be _considered an effect of treatment,
since the tumo~ site is known to shift with changes in dose
for several nitrosamines, including NOPA (Oruckery et al ••

1967). The Agency estimated the potency of NDPA in this
experiment to be 0.391.
c.

Comparison of Trifluralin and NOPA Results

Female mice in the NCI experiment had hepatocellular
carcinomas, lung adenomas, and squamous cell carcinomas of
the forestomach; however, cance~ was not induced in male
mice or in rats of either sex.

In rats, mice, and hamsters,

NDPA caused benign and malignant nasal cavity tumors, upper
gastrointestinal tract tumors (tongue, pharynx, esophagus,
and forestomach), respiratory tract tumors, and lung tumors.
The organs in female mice in which trifluralin treatment
induced a carcinogenic response are, therefore, also
susceptible to tumor induction by NDPA.
Th~ CAS (1978)_evaluated the data summarized above
to determine whethe~ NDPA levels in trifluralin were

sufficient to cause the responses observed
mice in the

Ncr

experimentF

1n

the female

The NOPA potencies derived

earlier were used together with the estimated NOPA
concentrations irr the NC! test material to calculate the
expected incidence of tumors in rats and mice.

The

potency fo~ mice was assumed to be the same as 1n the
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Dickhaus et al. (1977) mouse experiment, and the potency
for rats was taken to be the geometric mean of potencies
in the rat experiments of Druckery et al. {1967), Reznick
et al. (1975), and the hamster experiment of Pour et al.
These potencies are B = 0.391 for mice and B =
[(0.0733) (0.0763) (0.354) (0.0722) (0.0884)] 1l 5 • 0.105
(1973).

for ratsll 1 •

Using these parameters, the Agency calculated

the theoretical tumor incidences in the NCI experiment.
These are shown in Table 19.
The observed tumor i~cidence for female mice in the
NCI bioassay was about three times higher than the incidence
estimated in Table 19. At face value this would indicate
..
that there was insufficient NDPA in trifluralin to account
for the response of the NCI animals.

However, ·seve~al

factors indicate· that the NDPA concentration in the
trffluralin used by NCI may have been higher than that
measured three years after completion of the bioassay, and
which was the basts of the estimate.

FDA analyzed

the test material in March 1976, three years after completion
of the bioassay, and found 88 ppm NOPA contamination.

The

test material had been stored in a green glass container,
under fluorescent lights at a room temperature of 21°c

.! s0 during the test and untfl the FDA analysis (Powers,
1979).

Sfnc~ NDPA is volatile and photolab1le, it

is 1ike1y that the concentration of this impurity in the

107 For rats the potency from Pour et al. (1973) was calculated
separately for each of the tumor types (CAG, 1978). The
three separate estimates are used 1n lieu of the 0.641
potency shown earlier in this Section to calculate this mean
potency.
-71-

TABLE 19

ESTIMATED AND OBSERVED TIJMOR INCIDENCE IN THE NCI

T'R:Ir[O~~[I~ itST OOt

Sex

Species

NOPA

Level (ppm)

TON □~~

NDPA
Potency B

~~NT;u;lINAiIO~

Estimated
Incidence

Observed
IncidencJ/

< .08
< .08
< .08

Male Rats

.483
.249'"

.105

Female Rats

.479
.24-9

.105
.105

.050
.026

Male Mice

.279
.149

.391
.391

.106
.058

< .30
< .30

Female Mice

.387
.205

.391
.391

.151
.080

.48
.26

.10s-

•·

.

.051

_.026

< .08

17 In experiments where response was insignificant, an
upper limit was calculated, via Fisher Exact Test, as the
incidence above which the treated group would be significant
at the .as level.
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NCI trifluralin sample was higher than 88 ppm duriog the
period when it was administered to the test animals (CAG,
1978).
The Agency concluded that the NDPA coctamination
of the tr1flural1n used by NCI explains their findings of
hepatocellular carcinoma in female mice.

This conclusion

is based on three factors: l) tb~re is a close similarity
betwen the types of tumor known to be induced by NDPA and
those observed in the NCI trifluralin bioassay; 2) the
incidence of tumors in the NCI study was only slightly
lower than that predicted from data assuming an NDPA
contamination level

·or

88 ppm; and 3) that NDPA r~vels in

the material tested by NCI were probably higher ·than 88
ppm measured three years after the test and which was the
·~1: -

basis of the estimate.

The primary trifluralin registrant is now performing
tests to detect the carcinogenicity of trifluralin in
which NDPA contamination has been reduced to undetectable
levels.

The Agency will evaluate results from this test

when it is completed.

These results should be available

during the first-half of 1980.
10/ For rats the potency from Pour· et al. (1973) was calculated
separately for each of the tumor types (CAG, 1978). The
three separate estimates are u~ed in lieu of the 0.641
potency shown earlier in th.is Section to calculate this mean
potency.
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3.

Cancer Risk Estimate
a.

Application-Related Risk

The Agency based its estimate of human exposure to
trifl~ralin and its NOPA contaminant on field stud1es
us.1ng commercial Trefran- EC c-ontafrtfng· NDPA at a level of"
3 ~S' to. 5 .4.. ppm ( ave.rage. of 5· p-pm).

This estimate was

discussed for typical use patterns i~ Section Ir, E of
this report. The vapor and part.iculat.~ concentratfans of
NOPA and trifluralin were measured during field applications
of Treflan EC unde~ conditions similar to actual field
use.

These measurements were used ta estimate ~he average

yearly inhalation exposure.
The onTy information available for estimating the
amount of NDPA absorbed across the skin is from a rat
dermal absorption study submitted by the registrant
(Hanasono et al.~ 1978).

From this experiment, CAG

est1mated that 22: of the NOPA deposited on the skin is
absorbed.

The. rest is either bound to the skin or escapes

fnto- the ai~~

Thi~ is a crude approximation of the actual

sttuation because it assumes that steady-state conditions

are reached fn much less than one hour. and that no
Tong-term storage of NOPA would occur in the skin.
Based

upo~ the rational~ dfscussed 1n the preceedfng

Section~ th~ Agency calculated the lifetime risk of cancer
to individual farmers who use rreflan
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assumfng that the

individual lifetime risk,!, from the NOPA equals Bx, where

!

is the likely value of the slope parameter for the compound

(0.4) and xis the lifetime average daily NOPA intake
expressed as ppm in the diet •.ll/

Using this technique,

the number of cases which the Agency estimates to occur from
a lifetime exposure to this population is NBx, where 1! is
the number of people exposed (both private farmers spraying
_,

Treflan in the fields and farmers who assist commercial
spray applicators by incorporating Treflan).
Table 20 shows the individual lifetime risk to
applicators and the total number of expected cases.

These

calculations assume a 40-year working lifetime, a· 70-year
lifespan, and a diet of 1.94 kg/day; they also assume that
the amount of trifluralin absorbed from the skin is 22i of

the amount deposited on the skin

1, and that the amount

absorbed via the lung is 100% of the respiratory intake I.
The formulas used were:
Risk ... Bx

• 0.4

X

1/365 X 40/70 X 1/1.94 X 10-J X

(I+ 0.22 D)
.,, 3.23

Number of Cases

~

X

10-7

X

(1 +

0.22 D)

NR

ll/ Since the value of B is expressed 1n units of ppm in
tlie diet, it is necessary to convert the NDPA intake to
the same units. For this purpose the daily inhalation and
daily dermal intake in milligrams in divided by the daily
food consumption (l.94 kg) to obtain the equivalent ppm in
the diet.
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TABLE 20

RISK ESTIMATES FOR TREFLAN APPLICATOa#

Crop

Number- of
People

Saybeams
Cotton
'rcmatoes
Cole Crops

193,138
63,954
13,490
4,162

(ug/year) -

Trees and.. 'lines.

Hop~

Potatoes
Carrots
Okra

Greens
~pacish Peanuts
Celery
Peppers
Mint

3.985

Alfalfa

wneat

Mustard Seed

SafnowerSunflower
·sugar Beets
Sugar- Cane
Cucumbers
cantaloupes
Watermelons
Dry Peas
Engl 1sb Pea.s
Field Pea.s

O.OT

0,,,.15"

2.74

2.70

0.83
0.17
0.17
0.59

0.82
0.19

4,474

0.01
0.06

166

0.11

2,267
55 ..

0.02

0..75.

a.so

1 .33

0.17
2.16
0.91

0..18

a.OB

68
933

0.52
0.15
0.61
1.30

0.19
~.-1(}

0.91

0.07
0.34

0.83

0.12

1.33
3.24
1.50

3.20

4.65

4.60

4.0T

a.zr

5,523

0.42

0.43
0.49
0.76
0.76

0.02

890

1.10

a.so

856
3,259

320

1.30

1.08

0.04
0.07

o.os
a.or

657

Lifetime
Lifecime
Iadivid~ 1/ Number of"

(ug/year)- Risk x ( 10- ,- Cases

1.33

0.23

51
1,800

16

Dill

Dermal
Exposure, D

0.12
0.11
0.04.

23,689

Bean.a

Spring

InbaJation
Exposure, I

0.13

0.82
4.00

0.03
<0.01
<0.0l

<0.01
<0.01
<0.01

<0.01
<O.Ol
<O.Ol

<0.01
<O.Ol
<O.Ol
<O.Ol
<0.01
<0.01
<O.Ol
<0.01
<0.01

1.30

<O.Ol

1.50

<O.Ol
<O.Ol
<0.01

<0.01

3,030

0.14
0.40
O.OT

0.17

0.15

<O.Ol.

335
2,718

0.03
0.02

0.33

<0.0L

202

0.13
0.04

0.33
0.2S

5,178
116·

2?'-776

156.

t .66

<0.01

0.24
1.40

<0.0L

0.42

0.43
0.43

<0.0l.
<0.0l.

1.74-

1.70

<0.01

1.1n

0.42

0.04-

1.60

'

Ca:mnercial
Applicators

(All Crops)
Total

3,800

0.14-

<0.04

342 064

1/ Column entry is multiplied by the ractor ~the column
bead1og; i.e .. , for cotton the r"isk is 1..1 x 10- •
2/ 'llle5e estimates were based upon exposure to Treflan containing
5 ppm NDPA. With all. other factors being equal, NDPA exposure, and the
ri:1k therefrom would be directly proportional to the product contam1 cation
level. Therefore, these M.sk estimate3 can be adjuated by a factor equal. to
tbat factor ·..ihich describe:i the relation. of the contamination level to 5 ppm
if one desires to estimate the r-1slc f'ra:n Tren.an contarni nation level other
than 5 ppm.
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b.

Post-Application Risk

Exposure to workers entering the fields after
Treflan has been incorporated into the soil was discussed
in Section II,E,2 of this document. Using the method

reported by Mittelman (1978), the Agency estimated postapplication exposure to NDPA for several crops.

The

cancer risk from these types of exposure is summarized in
Table 21.
The expected number of cancer cases was calculated
per 100,000 exposed workers becase an estimate of the number
of field workers working in these crops was not available.
Since this model did not consider photodegradation
of NDPA, CAG (1978) made a second estimate in order to
arrive at a more probable risk estimate for field workers.
This estimate, which was discussed in Section II {E) of this
document, considered such exposure to be negligible; there•
fore, the risk would also be negligible.
c.

Dietary Risk

Table 22 summarizes the risk of cancer from potential
dietary exposure to NDPA, calculated by using the one-hit
model for risk assessment.

The formulas for calculating

the estimates in the table are as follows:
1)

Maximum Oiily NDPA Intakes t t i x ai x bi x
1/89,000
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...

TABLE 21

POST-APPUCATICN RISK ASSOCIATED WITH TRIFLURALIN
(Mittelman's Exposure Method}

Crop

NDPA

Expo.sure/Year
(Micrograms)

Lifetime Ind1v~
Lifetime Ca.9es/
Ri..sk (x 10-)
100,000 Field Worker-s

Beams

o·.013

0.042

<O.Ol

Ta:natoes.

0.022.:

0.069

<O.OL

Tree and Vine

0.064

0.210

<0.01

Cole Crops

0.026

0.083

<0.0l.
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TABLE 22

E'Sl'IMATE OF MAXIMUM CANCER RISK TO THE GENERAL POPULATIONlf

Trifluralln
Food

IzEe

Tolerance
(!!!/~ of diet)

Asparagus

0.05
1.00
0.05
0.05

Carrots
Citrus Fruit

Corn, grain
Cottonseed

0.05

Curcurbits
Cantaloupe
cucumber'

0.05
0.05

Watermelon

Fruiting Vegetables
Peppers

o.os

0.05

Fraction
of Food
in Diet

.0014
.0048
.0381
.0100
.0015
.0052

.0073
.0143

Turnip Green5
Hung Beans

Nuts

Peanuts
Peppermint
Root Crop Vegetables

Potatoes
Safflower
Seed/Pcxi Vegetables

0.03
0.11
0.21

_. a.102
. 4.440
0.087
0.017

0.02
0.98
0.02
<0.01
0.03
0.01
0.24
0.02
0.06
0.04
0.01
0.03
0.01
0.59
<0.01

2.41 .

0.05

.0003
.0010
.0036
.0003

0.04
0.40
0.52

0.018
0.159
0.208

0.05
0.05

.0543

0.053

0.14

1.000

1.62
0.11

0.647

.0003

0.067

o.o,

.0204

0.756
0.377
0.138
1.000
0.536

8.66
1.95
0.5,4
0.39
0.09

3.465
0.779

0.76
0.11
0.05
0.03
0.01

a.as
0.05

2.00

Beans

0.05

Soybeans
Peas
Okra

O.DS

Dill

0.117
0.477
0.964

1.19

0.963
1.000
0.079
0.196
0.077

0.05
0.05
0.05
0.05
0.05
2.00
0.05

Collards

0.29

.0003

Celery
· Kale
Mustard Greens

0.100
0.291
0.300

o.676
2.250
0.234

0.146
0.044
1.106
0.086
0.257
0.173
0.065
0.116

0.05

ca,, J 1flower-

o.695

1.69
5.62
0.59

0.37
0.11
2.76
0.22
0.64
0.43
o. 16
0.29
0.16

Cabbage

Brussel Sprouts

,.coo.

0.07
1.91
0.15
0.49
0.52

0.315

8.690

0.650
0.650
0.665
0.546
0.394
0.960
0.960

0.05

Leafy Vegetables

0.079

0.79

-21.74

.0010
.0003
.0074
.0007
.0029
.0008
.0003
.0006

Broccoli

Hops

1.000

0.403

0.26
11.09

.• 0012

Tomato

May3 ""nn Daily Lifetlme
Fraction NDPA ~ e , Individual Total Num
(x 10· )
Risks
of Crop
of Ca.5es
Treated mg/kg ot Diet (x 10-9)
Lifetim

0.378
o.688
0.079
0.251

- o.os
a.as
o.os

Grapes/Raisins

2/

a.cs

0.05
0.05

.0287

.0049
.0003

.0092
.0069
.0007
.0003

o.859
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0.22
0.04

6.74

0.065
2.697

0.214
0.157
0.036

0.03

0.05

Mustard Seed

Spearmint
Stone Fruits
Sugar, Cane & Beet
Sunflower
Wheat

ill

Fooc:13

a.as
2.00
0.05
0.05
0.05

a.cs

.0003
.0003
.0125
.0364
.0003
.1036

t.000
O.OTT

1.000
0.111
0.650
0.011

.,. 0.11

0.52
0.10

2.39

0.11
0.64

76.70

a.a,
a.as

0.067
0.208
2.809

0.62

0.957

o.o~
0.256

<8.00

1/ Th1.s table represents a max1mun estimate based upon calculated NDPA residue
levels. NDPA residues have not been detected in the following crops which have
been grown in fields treated· for- successive .years w1 th Treflan: soybeans, i::1aturecottonseed, mature cauliflower- (fruit and leaves}, mature carrots (roots and tops),
volunteer alfalfa, and cotton seedlings test sensitivity 0.1 to 0.2 ppb).
2/ These estimates were based upon exposure to Trefl.an containing

5

ppn NDPA. With all other factors being equal, NDPA expo5Ure, and the
r-1.sk therefrom would be directly proportional to the product contamination
level. Therefore, these r1.sk estimates can be adjusted by a factor equal to

that factor which describes the relation of the contamination level to 5 ppm
ruk from Treflan contamination level other

if oce desires to estimate the
than c; ocm.

•

0.21
0.01
0.06

2)

Lifetime Individual Risk=
Intake x o.4-1.£1

Maximum Daily NPDA

3)

Number of Cases in Lifetime= Lifetime Individual
Risk X 2.2 X 10B

for the 1 th food item, where,

.

·
-·

ti

is the food tolerance fo~ trifluralin

ai

is the fraction or· the rood in the standard diet

bi

is the fraction of the crop treated with Treflan

The values for ti,

a1 ,

and bi were reported by

Agency

health scientists (Beusch and Johnson, 1978).
The risk from dietary exposure is a maximum number
based on the assumption that NDPA residues are present.
These residues may be much lower. In fact, NDPA residues
have not yet been detected in harvestable crops which
have been grown in fields treated with Treflan EC.

12/ 0.4 is a constant calculated earlier for NDPA in this
Section of the document.
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G.

Mutagenesis and Spindle Effects
1.

Introduction

40. CFR 162.ll(a:)(3)(ii)(A) pr-o.vides that- "a rebuttable·

presumptio~ shall arise if a· pesticide's ingredient(~),
metabolite(s), o~ degradation product(s) .••• induces mutagenic
e.ffecta, as determined by multitiest evidence."
The Agency has concluded that the NDPA contaminant of
trifluralin, and therefore products containing trifluralin

exceed the multitest criterion for mutagen1c1ty~T(40 CFR
l62.ll(a)(3)(ii)(A)l and that a rebuttable presumption
against these registrations should be issued.

The Agency's

evaluation of the data upon which this conclusion was baaed
and its evaluation o~ the risk from this hazard (Mauer 1978
and 1979) is discussed in the following paragraphs.

These

data are summarized in Tables 23 and 24.

I; The Agency has also compared the existing data on
trifluralin and its NDPA contaminant to the mutagenicity
testing guidelines contained in its proposed guidelines for
human hazard evaluations (43 FR 37336,. August 22, 1978).
The Agency has concluded that the criterion for mutagenicity
contained thet"ein has also been exceeded by products
containing trirluralin.
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TABLE

23

MOTAGENICITY ~-SI'S OF TRIF1..URALIN (PART I) AND NDPA (Part II)

(Part I)
Technical Tr1flura.lin
Test System
A.

Gene Mutations
l. Bacterial

Scecies/Str-ain

Result

Salmonella typhimurium _ . Ne~
( 8 Stra..ins) .

Reference

Aode~en et al., l'

Salmonella typhimur1umJl,2I
TA 100

. TA 1535 .
TA 1537
'!A 1538

. 1/ 2/

Escherichia coli- '-

WP2

Neg
Neg

Simmon et al., 197
Simmon et al., 197

Neg
Neg

Simmon et al., 197

Neg

Simmon et al., 197

Simmon et al., 191

2. Insect

Drosophila melanogaster

Ne~

3. Other

Escherichia coll with
T4 bacteriophage

Neg

Andersen

Drosophila melanogaster

Ne~

Murnik, 1978

B. Chromosomal Mutations

1. Insect

lf ,6/

-Muro1k,

1978 a
et al. , 1

1

C. Primary DNA Damage

1. DNA Repair, Ba.cter"ia

EscheM.chia coll

W3110/p 3478

2. Yeast Mitotic Recanbinatioc and/or Gene Conversion

3. Mammalian Cell

Unscheduled DNA Synthesis

Bacillus subt1lis
H17(Rec+)/M45(Rec-)
Saccharomyces cerevisiae

D3
Ruman Fibrob.la.sts

WI-38 Celli

Ne~,2/ Simmcn et al. , 197
Nee,1/,'2/

Simmon et al. , 197

Nee,J!,2.1

Simmon et al. , 197

Negll,2/ Simmon et aL, 197'

TABLE 23
MUTAGENIC!TY TESTS OF TRIFLURALIN (PART!) ANO NDPA (Part II)

.

(Part II)
Test System
A. Gene Mutations
r.. Bacter, a 1

2. Marrmalian Somatic
Cells in Culture

NOP
Result

Species/Strain

Reference

Salmonel 1a typtrimuri Ul'lt'
Unspecified
Po~1 Mccann et al.> 1975
TA 98
Ne~~ Yahag1 et al., 1977
TA. 100
Po~/ Yahag1· et al-• 1977
TA 1530
Por Bartsch et al., 1976
Camus et al., 1976
TA 1535
PosE.f Olajos and Cornish, 1976
Escherichia coli
Sd-a(TC)

PoJI Nakajima et al., 1974

Chinese Hamster
V79 Lung Cells

Po~/ Kuroki et al., 1977

Chinese Hamster
CHL cells

PoJ/ Matsuoka et al., 1979

B. Chromosomal Mutations
1. Marrmalian cells in

culture

C. Primary DNA Damage

t. Yeast Mitotic Recombination
and/or- Gene Conversion

Saccharomyces cerevisiae
03

·

1/ Strains tested witn and without metabolic act1vat1on.

2/ Test material contained 87 ppm NOPA as a contaminant.
!/ No metabolic activation used.
4/ Preliminary data - sample of test material with NOPA
removed in the laboratory-

5/ Metabolic activation used.
Test for rII mutation~

~
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S/
Po~ , Brusick and Mayer, 1973

TABLE 24
MUTAGENICITY AND RELATED ri:'-STS WITE FORMULATED TREFLAN (PART I)

UNSPECIFIED FORMS OF TRIFLURALIN (PART II)
(Part I)

" Test System

Treflan Formulations
Species/Strain
Result

Reference

A.. Gene Mutations

1 .. Bacterial

2.. wect

Salmonella typh.imurium
(8 Strains)

Nee¥

Andersen et al., 1972

Drosophila melanogaster

Ne,;/ ' 61

Murnik, 1978

B. Chromosanal Mutations
l .. Il:lsect

Drosophila melanogaster

2. Other Studies

Exposed Rumans
Neurospora
Sordaria

Test System

Po~, 6/ Murnik, 1978
4/
Po5s1
Yoder et al., 1973
Po~
Griffitbs, 1978
Po::,21 - · Bond, 1978

Unspecified Forms of Triflurali.o
Species/Strain
Result
Reference
(Part II)

Gene Mutations
1. Bacterial

A..

Salmonella typh.imuri.um!/
TA 1535
· TA 1536
TA 1537
TA 1538
Escherichia col.:.il!
B/r WP2 her+
WP2 her-

Neg
Neg
Neg
Neg

Shirasu et al., 1976
Shira.au et al., 1975
Shira:ru et al., 1976

Shirasu et al., 1976

Neg
Neg

Shirasu et al., 1976
Shira.su et al. , 1976

2/

Jackson and Stetler,

B. Olromosanal Mutations
L Plants

Haemanthus katheriniae
(Blood lilly)

Tradescantia paludosa
V1c1a faba.
2. Sal arnantiers

·Triturus helveticus
(saJamand~r)
Pleurodeles waltlil
(saJamamer)

1973

1'

Sawamura and Jackson,

~

Sawamura. and Jackson,

1968

-

1968

11

Sentein, 1977

11

Sentein, 1977

TABLE 24

(Part II Continued)

Test System

Unspecified Form of Trifluralin
Species/Strain
Result
Reference

C. Primary ONA Damage

I. ONA Repai~, Bacteria

Bacillus iubtilis
Hl7(Rec...)/M45{Rec-)

1
Neer-'

Shi rasu et al • ,.
. 1976

J] Metabolic activation not used.
2/ Decreased number of rnicrotubules, accumulation of large
vessicles at the cell plate region.
3/ Disruption of mitotic process, temporarily impeded
chromosome movement.
4/ Chromatid lesions fn lymphocytes of workers exposed to
many herbicides.
5/ Preliminary data.
o/ Product sample used contained 177 ppm NDPA.
ii Inhibition of mitosis as a consequence of spindle
a6'nanna11ties (microtubule and aster formation).
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2. NDPA Mutagenicity Data
The principal contaminant of trifluralin technical
preparations is NDPA, which is a demonstrated oncogen·in
rodents (Montesano and Bartsch, 1976).

NDPA has been

studied in.!!!, vitro mutagenicity assays with bacteria
and yeasts, and in mammalian cell culture, coupled with
appropriate mammalian metabolic activation systems (see
Table 23).

.

-

.

In bacterial assays; NDPA has caused reverse

mutations by base-pair substitution at concentrations up to

1.0 'millimole (mH), but only· in the presence of complete
liver enzyme preparations from rodents; when the cofactors
for the microsomal mixed function oxidase were o~ltt~d, the
mutagenic effect was absent. Positive results for gene
mutation as well as chromosomal aberrations were also
obtained in Chinese hamster lung cell cultures treated with
20 mM NDPA and a rat liver enzyme preparation (Kuroki
et al., 1977; ~atsuoka et al., 1979).
Kruger (1973) al~o found direct evidence that
NDPA alters genetic material in vivo; he reported the

presence of alkylated guanine residues in DNA after
administering NDPA to rats.

3. Trifluralin Mutagenicity Data
Positive results have not been obtained in tests

w~ta technical trifluralio containing known aod undetermined
levels of NDPA contamination in a number of mutagenicity
systems •.

Tests resulting in negative responses are discussed

below ..
-87-

a. Bacterial Tests
Simmon et al. (1977) tested 20 pesticides, including
technical trifluralin (90j) containing 87 ppm NDPA (as a

contaminant), in reversion-type mutagenic assays.
typhimurium strains and the WP-2 strain

or

Four

Escherichia

coli were- used, both with anct without- mamma-l'iarr met;abolic,
actuation systems..

.

A:cti vatia.a was <ibtai.r:led- b.y using_

liver preparations from rats pre-treated with the
polycblorinated biphenyl (PCB), and Arochlor-1254~
Trifluralin was negative in this study.
Simmon et al. (1977) also tested the same triflural1n
sample for unscheduled DNA synthesis in hucan fibroblasts
(WI-38 cells), mitotic recombination in the yeast Saccharomvces
cerevisiae strain D3, and preferential toxicity in repairdeficient strains of Escherichia coli and Bacillus subt111s

as compared to strains which could repair DNA damage. Each

or

these assays was performed both with and without cammalian

metabolic activatioct and over a wide range of trifluralin
concentrations.
assays.

Trifluralln was negative in all of these

The Agency considers the experimental and data

reporting procedures used in this study to be adequate

(Sandhu, 1977).
Andersen et aL. (1912) evaluated 109 herbicides,
including both tecnnical and formulated (44.SJ) trifluralin.
Specifically, tbey looked ror induction of point mutations
in a battery

or

standard bacterial and viral plate assays
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involving base-pair substitution and frameshift reversions, as well as forward mutation.

Results were compared

to positive results with known mutagens specific for each of
four assays; sicgle doses of all test chemicals, including
formulated trifluralin (20 or 25 ug per plate) did· not
induce any changes significantly different from the spontaneous
rates of mutation in eight histidine-requiring mutants of
Salmonella typhimurium, two rII mutant-8-of bacteriophage

T4 , or Escherichia

~

strain KB.·

The Agency considers this study to be inconclusive
in demonstrating safety, because no exogenous metabolic
activation was provided to mimic possible convers10n• of the
chemical to potentially active intermediates, and only one

dose was administered (Mauer, 1978; Sandhu, 1977).
Shirasu et al. (1976) studied the mutagenicity or an
unspecified form of trifluralin in four histidine-requiring
strains of Salmonella typhimurium in a standard Ames assay,

as well as in differential toxicity assays with Bacillus
subtilis strains 817 (Rec•) and M4S (Rec-), and in
reversioc assays usicg two strains of Escherichia .£.Q.ll which
require tryptophan.

For each of these assays, bacterial

cultures were treated with a single s~turated paper disc

containing 0.02 ml solution of a standard sample made up at
a concentration or 1 mg tr1tluralin/ml dimethylsu.lfoxide.

Trifluralin was negative for mutagenicity in this study,
but since mammalian metabolic activation was not u~ed, and
only one concentration was tested, the Agency regards these
results as inconclusive (Saodbu, 1977).
b. Insect Studies
Preliminary results fro~ a study

oe

both gene and

chromosomal effects in Drosophila.mel~nogaster, (Murnik,
1978 and 1978a) showed ffno evidence ••• that trifluralin
induces point mutations in 0-rosophila," but some of the
results of these two separate studies are contradictory.

In one portion of the first study, larvae-were fed a
die~ containing 0.011 formulated trifluralin {44.51 AI)
throughout thei~ stages, and the number of sex-linked
lethals was _recorded in. the. E' 2.. ( second) generation; in
repl~cate tests, no significant differences were found in
percent lethals between the treated (0.10% for the first

test) and combined control (untreated spontaneous, 0.12~)
groups •.

No posit~ve controls were reported, and the

formulated t~ifluralin tested.. contained about 177 ppm NDPA
(Bontoyan, 1978).

In the second portion, feeding adult

males 0.02% of the formulated trifluralin for two days
likewise resulted in no increase in sex-linked lethals.

A late~ repeat of this study with technical
trUlurali.n which contained no detectable NDPA was also
negative ror sex-linked lethals (Murnik 1978a).
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Although preliminary results from the two studies
showed no evidence that trifluralin induces point mutations
in Drosophila, Murnik reported an increase in chromosomal
•

nondisjunction. Her first study involved the chronic
feeding of o.01i trifluralin (formulated) throughout the
larval stages.

This resulted in a significant increase

(0.121) of XXY males compared to those of a control
population (0.041).

However. the feeding of 0.021 trifluralin

.

-·

(formulated) to adult male Drosophila for two days resulted
in no increase in non-disjunction.

XXY non-disjunction was

the only chromosomal effect reported in this test; there

were no increases over controls in chromosome loss ("XO
progeny). or breakag·e.

When the chromosomal porfion· of the

first study was repeated using technical trifluralin with
no detectable NOPA, non-disjunction was !!,2! observed in
test animals at a level significantly different from that
of the control population.

Thus these cytogenetic results

are inconclusive~ as well as contradictory (Chaisson,
1978).
c. Studies with Fungi

Trifluralin has also been tested for non-disjunction
in Neurospora

crassa

(Griffiths, 1978), as well as in

Sordaria brevicollis (Bond. 1979).

The Agency recently

received a tabulation of raw data from Griffiths which
indicated increased incidences of Aaneuploida ascospores in
treatment groups over a range of concentrations from 1 to
122 mg/1 as compared to controls (rate unspecified), but
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which showed no clear dose-response effect.

The preparation

used was reported to baa "!ormulation"r but no other
details, such as the NDPA level, were given.

8.ence these

results as well as, data from Bocd are incocclusive because
inadequate inrormation is available to indicate whether a
test protocol acceptable to the Agency was followed.

er-.

Human Survey

Yoder et al. (1973) observed chromosome alterations
in lymphocyte cultures prepared from pesticide applicators.
Blood was drawn once during the mid-winter lull in spraying
operations and again during the peak summer spraying
period.

Forty-two white male applicators with from 1 to 25

years (mean exposure, 8.5 years) of prior occupational
exposure to a variety

oe

pesticides were matched as closely

as possible in age and physical characteristics to
a control group of 16 businessmen, students, and teachers
with no history of involvement with pesticides.
group was further divided into two subgroups.

The exposed

One consisted

oe· 16 people- who had been exposed to a variety of 17
insecticides, while the- othe~ consisted on 26 employees
of weed control agencies who had been exposed to a variety
or 14 herbicides (most frequently 2,4-D, amitrole, and
atrazine~ but also rormulated tr1rlural1n)~

The incidence

o~ chromatid lesions pe~ pe~son in the applicate~ groups

increased significantly over that in the control group, but
only in blood samples taken in the summer.

Although Yoder

et a.1. observed no heteroploidy (which may be indicative of
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non-disjunction) in any of the exposed or control cells,
they noted a small number of cbromatid exchange figures
among the exposed groups.

The Agency regards this study as

inconclusive 1n implicating trifluralin as a chromosome
breaker, since this substance was only one of many pesticides
used by tbe same workers (Mauer, 1978).
e. Plant Studies
The Agency reviewed a number of plant
studies in order to determin_e whether trifluralin has the
potential to disrupt the cellular spindle apparatus.

These

studies were not performed specifically to assess the issue
or·mutagenicity.

..

In an 1!1 vitro and ultrastructural study

in cellwall free endosperm cells of the African.blood lily
(Baemanthus katherinae), Jackson and Stetler (1973) reported
that concentrations of trifluralin, ranging from 0.1
through 100 ppb, inhibited the rate at which cells progressed
through all stages of mitosis from prophase to cell plate
appearance. Jackson acd Stetler observed these effects by
time-lapse phase microscopy during a two-bour period.
Since 0.1 ppb had a near-maximum inhibitory erfect, the
data presented from all concentrations were pooled.
Electron microscopic studies showed a decreased number of
microtubules and an accumulation or large vesicles 1n the

cell plate regionWhile the u.ltrastructural and mitotic index studies
appear to have been conducted according to established
protocols, the bioassay used to assess these e£fects is not
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well documented.

Further, Jackson and Stetler established

no dose-response relationship included no positive control
in the study, used no mammalian metabolic activation with
the bioassay, and provided no information on the amount of
NOPA which contaminated the study material.

This study

does- im:ti cat e, however,. th a-t. tri flu ra 1 i-n· int erf ere.s with
the formation and function of plant cell microtubules, and
it' may have a potential, th_erefore, for disrupting the
mitotic spindle and thereby inducing numerical chromosomal
aberrations (Sandhu,. 1977).
Sawamur~ and Jackson (1968) treated staminal hair
cells of the tetraploid, Tradescantia paludosa, and leaf
cell~ of Vicia faba with 0.2 to 1.6 ppb trifluralin. The
degree of NDPA contamination was not known for this material.
At the highest dose (l.6 ppb). the authors reported the
appearance of "dicentric bridgesu in late stages of mitosis
(anaphase and telophase) in both cell types and cell elongation· in staminal hair- cells only ..

This study demonstrates

that trifluralin can disrupt various stages of plant cell
mitosis~ however> it is of limited value since the system is
questionable> the data are not quantitative, and the study
was not designed to assess mutagenicity (Sandhu, 1977).
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Sentein (1977} reported that trifluraltn inhibited
mitosis by interfering with the spindle apparatus in two
urodele salamanders, Triturus helveticus and Pleurodeles
waltlii.

Eggs of these species were incubated in various

concentrations (1/8 through full saturation) of an unspecified
form of "trifluralin" for one to ten mitotic cycles prior
to the beginning of cleavage~ or _at tne·2-, 4-, 8-, and·
16-blastomere stages. Cytolog1ca1· observations were made
during treatment and after ~arious periods of incubation
following transfer of eggs to tr1fluralin-free culture
medium.

At similar concentrations, the effects _!'~p9rted

were more severe in Pleurodeles than in ·rriturus ~ggs, but
multinucleate blastomeres and disorganized mitotic figures
occurred in both species.

Sentein also reported disturbances

in chromosomal condensation, especially at chromosomal sites
associated with the mitotic spindle attachments, and gaps
(discontinuities) at prophase.

According to the author, the

cyto1og1cal effects of trifluralfn resembled those induced
by classic anti-mitotic agents, but trifluralin was much
less potent.

The author concluded that these effects

demonstrate trifluralin interferes with the formation

or function of ce11ula~ microtubular elements.
This study fs d1fffcult to interpret because some
details of protocol were not given.

For example, the source

and composition of the trifluralin were not stated, nor were
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any control data (the solvent was reported to be polyethylene
glycol) included.

The study, however, confirms in an animal

cytological test system the potential anti-mitotic action of
triflurali~ previously found in plant cytological studies.
The cytological studies also support the genetic
studies in Neurospora and Drosophila which indicate possible
non-disjunctional activity of trifluralin (Mauer, 1978).

4.

Trif1uralfn Derivatives

The Agency has also considered the mutagenic potential
of degradation and/a~ metabolic products of trifluralin.
Section 162.3(e) de_fines a degradation product a_~ ."~•-•a
substance resulting from the transformation of a pesticide
by physfcochemicaT or biochemical means.~

Evidence indicates

that trifluralfn might be degraded to a series of products,

fncTuding substituted benzimidazoles in a mammalian-derived

i!!.

vitro microsome system (Nelson et al., 1977). Such

conversion has been reported to occu~ under ultraviolet
photodecomposition conditions, especially in the vapor phase
above treated soil~ as well as in the soil. This is of

concern because some benzimidazoles have been shown to be
mutagenic

(Seiler~ 1972).

A recent preliminary report presents some fnterim

result~ from bacterial mutagenicity assays per-formed with
~tne tr1fT~raTi~ metabolftes~ including th~ benzimidazoles
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previously identified (Nelson, 1977), by plate incorporation
at concentrations up to 200 ug per plate using a standard
battery of five Ames test strains of S. ty~h1mur£um, both
with and without metabolic activation (Nelson, 1978a,
unpublished). In a summary of these results, Nelson
reported that he had found "no potent mutagens among these
trifluralin derivatives tested thus fa~, compared to the
expected response of positive controls appropriate to each
of the test strains. The Agency's inspection of Nelson's
tabulations revealed no significant differences between
experimental and control groups (Mauer, 1979).
5.

Mutagenic Risk Assessment

Neither technical nor formulated trifluralin
(containing NDPA at levels up to 177 ppm) have
shown any mutagenic activity.

The principle contaminant

of both (NDPA) bas induced mutations in various test systems
at concentrations greater thac 20 times those contained in
current formulations of trifluralin (< 1.0 ppm Mauer,
1978). NDPA is therefore considered to be a mutagen, and the
Agency has evaluated the potential for mutagenic risk
associated with NDPA contaminated trifluralin.
Two situations of potential mutagenic risk were
considered: The direct DNA/gene effects related to the NDPA
contaminant; and potential ef~ects to the spindle apparatus
induced by trifluralin •

•
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a.

DNA/Gene Effects

When tests were performed with metabolic activation,
technical-grade trifluralin (containing about 87

ppm

NDPA) was negative ror gene mutations and primary DNA
damage.

Formulated trifluralin (as Treflan or unspecified)

wa~ also negative in some of the same tests; bowever~ tbe

Agency consider.ed· results: of the~e latt"er tests to. be

inconclusive since they were performed without metabolic
activation.

Other preliminary studies indicate that

Treflan containing 177 ppm NDPA, as well as trifluralin
with no detectable NDPA, give negative results in the
Drosophila sex-linked recessive lethal test.

On the other

hand, NDPA by itself has been shown to be mutagenic in
several in vitro microbial test systems by causing base-pair
substitution and primary DNA damage (Chaisson and Burkhalter,
1978)~ This seeming contradiction may be due to the fact
that the NDPA concentrations in the trifluralin preparations
tested were too low to produce gene mutations or direct ONA
interaction, especially in the presence of trifluralin
(Cnaissod and Burkhalter, 197a).
Trifluralin/NDPA mutagenesis data are not
adeq_uate to determine, much less quantify, any risk tor

gen& o~ DNA interactions posed by Tritluralln.

For the

reasons developed below~ however~ the Agency considers that
suc!r a r:-isk would be low, i.f" in. fact it exist:s.
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This assessment considers any potential DNA/gene
effects to be associated with the·NDPA contaminant of
trifluralin formulations.

To pose a potential, heritable

genetic risk to bu.mans, a chemical must be a mutagen and
must be capable of reaching mammalian germ cells in a
metabolically active form.

There is no evidence regarding

whether mutagenically active forms of trifluralin or NDPA do
or do not reach mammalian germinal tissue, or whether these
compounds are metabolized in situ to active forms if they do
reach these tissues.

The NDPA data presented in Table 23

indicate the need for metabolic activation of this compound
before it can induce mutagenic responses in test organisms.

Although NDPA shows mutagenic activity in some in.vitro test
systems, including mammalian cells in culture, co 1!!, _!!!.£
tests have been performed.

To bridge these data gaps, the

Agency used information on the structurally related aliphatic
nitrosamine~, dimetbylnitrosamine (DMN), and diethylnitrosamine

(DEN).

DMN and DEN are mutagenic in both the Ames and
Drosophila sex-linked lethal. tests.

Three mouse dominant

lethal studies on these chemicals were also surveyed.

A

single intraperitoneal dose of DEN (13.5 mg/kg body weight)
did not significantly increase mutations in the offspring of
treated males (Propping et al., 1972).

DMN was also

negative when male mice were dosed by the same route with

8 or 9 mg/kg body weight (Epstein et al., 1972). DMN was
reported as producing a weak dominant lethal effect in a
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second study with male mice (Propping et al., 1972).
is

oe

It

interest that the second study was positive at a

DMN dosage lower than that yielding a negative response
in the othe~ study; however, the mouse strain and route
or administration differed in the two studies.

There was

only a single drug-treatment group rn the Propping et al.
study~ the lack of varyin~ treatm~nt- le.vel~ p~ecluded. any

within-experiment repetition of the results or knowledge
of dose-response relationships.

The· authors did state

that the 4.4 mg/kg dose was the highest dosage of DMN
compatibl& with survival~

Due to the great variation in

the responses of animal~ in the dominant lethal test·and

the finding or this positive at a level of significance just
meeting the authors' accepted critical level, one is not
absolutely certain about the outcome of the test.

At face

value it suggests that DMN can reach the mammalian gonad.
A negative interpretation, however, is consistent with the

rinding that neithe~ DMN nor DEN stimulated unscheduled DNA
synthesis in the mouse testis following intraperitoneal
dosio~

or

the test compounds and tritiated thymidioe (Gary

Sega, 1979. personal commuoicatioo). Al~o, DEN wa~ negative
in a ~ouse specific locus test (Russel, 197T).

NDPA itself

has· cot. been tested ror germina1 or in v1vo mammalian
mutations.
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Therefore, the Agency considers it unlikely that
Treflan containing NDPA would cause a significant risk with
respect to DNA and gene effects because:

1. NDPA appears to have point mutagenic activity in
some!!!, vitro systems, but information is lacking

--

from in vivo tests.

Some other short-chain

alkylnitrosamines have been reported to be positive
in the Drosophila sex-linked recessive lethal
test.

2. There is no direct evidence regarding whether

NDPA does or does not reach the mammalian gonad in a
genetically·active form. As for other nitrosamines,
it has been reported. that neither DMN nor DEN
stimulates unscheduled DNA synthesis in the mouse
testis; and only one of three dominant lethal
studies with these chemicals in mice suggests a
positive effect, and that is a very weak positive
with DMN.

Additionally, DEN was negative in an

inadequate mouse specific locus test.

3. Testing of trifluralin products containing 87 ppm
NDPA bave beeo consistently negative for mutagenic
and DNA-damaging activity.

4. A preliminary study with Treflan containing 177 ppm
NDPA was negative in the Drosophila sex-linked
reces~ive lethal test.
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;. Th~ Agency expects human exposure to NDPA through
the use of trifluralin to be very low (See Table 6,

;,. 36).
At this time the Agency is not able to quantify
the mutagenic hazard which might be associated with the
use of NDPA contaminated tri!luralin because information on
the presence of the active compound in the mammalian gonad
and·the results

oe

germinal testing are lacking.

The

occupational exposure to NDPA (<5.05 ug/year) and those
to the general population through consumption of treated

foo~ (about 1.92 x 10- 9 mg/kg body·weight/day assumin~
the presence of a residue acd a S ppm level of NUf4.
contamination in Treflan) is very low~
Since risks of adverse effects are intimately
related to exposure and since the expected human exposures
to NDPA are low, it is expected that any risk from point
mutagenic effects would be low.
Since the· exposure estimate above assumed 5 ppm NDPA
coneaminatioa of trifluralin and since the manufacturer
has- already lowered the contamination to l ppm or- less
any risk would be reduced further by a factor of about
f"ive.

In order to b~ better able to evaluate point mutagenic
ri~ks, othe~ tests on NDPA would need to b& conducted,
•

includin~ studies assessing the ability of the chemical to
reach the ~ammalian gonad in a metabolically active form.
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Once more, the approach employed should not be interpreted
as setting Agency policy for future assessments; it is
simply a way to use the data at haod and specifically
refers only to Treflan, and/or other trifluralin/NDPA
formulations.

Any more in-depth procedure must await

further results of experimentation.
b.

Spindle Effects

The limited studies available appear to show
that high concentrations of trifluralin (with or without
stated levels of

NDPA)

have the capacity to disrupt formation

or function of the spindle apparatus in dividing_~~l~s,
thereby having the potential to cause abnormal segregation
of chromosomes (non-disjunction).
Inconclusive results from tests with formulated

trifluralin (containing about 177 ppm NDPA) in Drosophila
showed non-disjunction.

However, when these tests were

repeated using technical trifluralin with no detectable

NDPA, negative results were obtained.

Inconclusive positive

results showing effects to the spindle were also reported
when formulated trifluralin (NDPA content unknown) was

tested on Neurospora.
As a result of recent discussions at the National
Institute of Environmental Health Sciences Workshop on
"Systems to Detect Induction of Aneuploidy by Environmental
Mutagens", four model chemicals including trifluralin
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(the others are para-fluorophenylalanine, colchicine, and
methyl-Z~benz1midazole carbamate) are now being tested by
several laboratories to investigate their effects on the

mechanism o~ spindle function. Reports of these tests are
not yet ava1labl~ (Chaisson, Decembe~ 14~ 1978).
The posLtive chromosomal effects reported in plants
and salamanders indicate that trifluralin (or tr-i..flur-alin
plus NDPA) may affect spindle fibers
microtubule formation or function.

by

interfering with

No comparable studies

in mammalian test systems, however, either in vitro or in

vivo, are available. Since the apparatus fo~ cell di•r1.sion
does not differ sign·if 1cantly between plants and -animals,

similar spindle efrects migh~ be expected to occur in
mammals exposed to trirluralin.
Based on the above information, the Agency scrutinized

mammalian and fish studies for evidence of mitotic disturbances
or abnormalities in treated embryos, and for any athe~

chromosomal, spindle,. or cellular effect of trifluralin on
developmental processes.

Overtr manifestations of suca

effects- would include- depressed cell f'ormatioa and maturation,
decreased viability- of' embryos,. high r-esorption rates, or

delayed tissue maturation· such as slo~ rates of ossification
in cewborna.

Na such efrect~ were-noted in any of tha

reproductio~ studies wita rat~ an¢ dogs o~ in a teratogenicity
assay in rabbits (these tests. hav& beea determined to be
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unacceptable under current registration procedures (see·
Section II. H. land 2).

Reports o~ vertebral hypertrophy

in treated fish (Couch et al., 1978 preprint) and variations
in skeletal development in mice (Beck, 1977) are not
evidence of mitotic spindle effects, and do cot support a
mutagenic effect of trifluralin in mammalian systems.
Evaluation of hematological values· from chronic toxicity
studies also did not elicit any such evidence (Mauer,

1978).

In summary then, several lines of evidence from
both the plant and animal kingdoms suggest that trifluralin
products, containing known or unknown levels of NDPA,
possess the ability to interfere with the cell division
spindle.

No studies have been carried out on mammalian

somatic or germinal cells, but it might be anticipated that

mammalian cells would respond in a manner similar to cells
of other organisms.
The Ageccy concluded that the existing data are not
adequate to indicate the existence of a significant risk
from effects to tbe cell division spindle at estimated
trifluralin or NDPA exposure levels.

In addition it is

not clear whether triflural;Lo itselr, a metabolite, or a
contaminant in this pesticida.l preparation is th~ active
component in this regard. Additional. studies will be needed
to clarify these uncertainties.
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c.

Summary

The Agency ~as evaluated the mutagenicity data on
trifluralin preparations (including the for~ulated
product) containing NDPA and considers tha~ in the case

of direct DNA effects as well as for spindle effects,
there is an inadequate data base upon which to evaluate
these potential hazards.

In regar~ to the ability of NDPA

t'o induce mutagenic effects, the-expec.t.ed. low exposures to

thi3 chemical suggests that the degree of hazard, should
NDPA be a germinal mutagen, could be low.
Othe~ Chronic Effects

H~

Various N-nitroso compounds have been shown to affect
the fetus (see Section

rr, G of this document).

reason the Agency reviewed a number

or

for this

studies in which

-

tnfluralin (NDPA contamination level unknown) was tested

tor reproductLve, teratogenic, and developmental effects
(Bennett, 1978)~

1-

These studies are discussed below.

Reproduction Studies

Worth et a.L.. ( 1966) reported the re3ults of a. threegeaeration reproduction study in rats treated with trifluralin.

Ia tni3 study weanling rats of the Harlan strain were fed
ma.sh containing e1 the~

a,.

200, or-- 2, o·ao ppl!l trif'lura.lin.

!he first litters wer& discarded at weaning.

Animals erom

the- second li.tter"s whose individua.l weights approxi:Iated the
ave?"age weight o~ thei~ respective- litters were used to

•

continue

the

study.
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No significant differences in the growth curves were
observed for any of the generations.

The indices for

~

fertility, gestation, and viability were lower for the
second litter of the F2 generation in the 2,000 ppm group
than for controls. The values for these indice~ for the

2,000 ppm group in the

F

3

generation were comparable to

the controls; however, the 2,000 ppm group in the F

generation consisted of only one animal.

3

The statistical

significance of these results can not be determined since an
insufficient number of rats were used in this study. However,
the Agency concluded at that time that the no-effect level
was 200 ppm based upon the data pre~ented.

Because an insufficient number of study animals were
used in this test and because the study animals were stressed

from severe temperature regulation problems which occurred
when the animals were moved to a new location during this
test, the Agency has determined that even though the study
did not indicate a trigger for reproductive effects, it does

not fulfill presect regulatory requirements for an acceptable
reproduction study and as such constitutes a data gap
(Chitlik, 1979).
2. Teratology Studies

In a rabbit teratology study (Worth et al.,
1966), trifluralin was administered orally to four
groups (eight animals pe~ g~oup) of New Zealand white
rabbits from days 8 through 16 of gestation.

levels were 225, 450, or 1,000 mg/kg/day.

Dose

The animals

were sacrificed on the 25th day of gestation and the
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~etuses were delivered by Cesarean section.

The

weights of both fetuses and mothers were slightly
reduced, and the numbe~ of stillborn animals increased
in all treatment groups.

The number of resorption

sites also increased at the highest dose (1 ,000/mg/kg/day).
Neither the decrease in weight, the increase in resorptions,

nor the increase in stil.l. births was statistically
significant.
At the lowest dose (225 ~g/kg/day) t~o animals
in one litter had underdeveloped hind limbs and hindquarters~

Worth did not consider this effect to nave

been caused by tr1f1uralic since it was observed in
only two of six r-abbits fr-om one litter at the low-.d.ose
level (47 animals total) and ~as not statistically
significant. At 1,000 mg/kg/day, maternal weight gain

decreased.

While this is not a teratogenic effect, the

Agency decided to use 450 mg/kg/day as the "no-effect"
level in order to obtain the most conservative estimate of
ri..sk.

The Agency has determined that even though this

study did not indicate a trigger for teratogenic effects,
it does not fulfill present regulatory requirements for an
acceptable teratology study since an insufficient number
of rabbits were used, dosing was carried out for an
insufficient interval of time, and dams were sacrificed
prematurely (Chitlik~ 1979).

3~

Othe~ Studie~

Couch et al. (1978 preprint) r-eported consistent
vertebral hyperplasia in sheepshead ~innows exposed to
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various levels o~ trifluralin throughout tbeir early
•
development (zygote to young adult). Histological
examinations of sections of 28-day-old fish revealed an
extreme semisymmetrical hypertrophy of vertebrae (3 to 20
times normal) in those minnows exposed to 5.5 to 31 ug/1
trifluralin.

Fish exposed for 51 days to 16.6 ug/1 trifluralin

had a more pronounced dysplasia of their vertebrae.

Vertebral

dysplasia was the only bone effect noted.
Serum calcium concentrations significantly increased,
but this occurred only in a pooled serum sample from adult
r1sh ex?o~ed for six days to trifluralin at 16.6 ug/1.

The noted hyperostosis was the result

or

the

direct effect of trifluralin on the hormonal control of
calcium metabolism of young developing fish rather than
an effect on the zygote or embryo since extending the

exposure time f~om 28 days to 51 days increased
the ob3erved effect. Surviving fish which were examined
after 51 days exposure exhibited no further increase io
vertebral dysplasia.

Apparently the ability of this

species of fish to b1oaccumulate tri.fluralin contributes
to this syndrome.
Vertebral hyperplasia in fish is not considered to
indicate a human health hazard, since chronic feeding
studies performed .in mammals (a more appropriate indicator
system fo~ humans) did not sbow the effect (Bennett, 1978).
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Beck (1977) studied the effects of trifluralin on

normally-occuring variations i~ skeletal development (e.g.
extra knobs on the bones or variations in the number of
openings in the bone fo~ nerves).

Trifluralin was administered

to pregnant CD-1 mice via stomach tube at 1.0 g/kg between
days 6 and 15 o~ gestation.

Anothe~ group received only the

corn oil vehicle, and one group was untreated.

The litters

were born in isolation and examined after birth and at
~eaning.

Beck sacrificed all orespring at 62 .:!: 2 days and

examined them for more than 40 normally-occurring variations.

The results indicated that CD-1 mice which had rec~~~ea
prenatal treatments

or

1.0/kg/day of trifluralin could be

differentiated from the control group by the number, magnitude,
and spectrum of normally-occurring skeletal variations.
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4. Exposure and Related Risk Estimates
a. Dietary Exposure

The Agency calcul~ted safety factors between the NEL
and estimated human dietary exposure (Theoretical Maximal
Residue Concentration, TMRC) for the reproduction and
teratology studies as follows:
Based upon the rat reproduction study:

a.

NEL = 200 ppm.

b.

Equivalent to 10 mg/kg/day (conversion factor 0.05)

c.

Human daily dose in 1.5 kg diet (TMRC)
- Equivalent to 0.0429 mo/day

60

s

0.0429 mg/c

= 0.00072 mg/kg/day

kg

NEL: Dietary Exposure= 10.0 mg/kg/day = 13,889:]
0.00072 mg/kg/day

- S~fety ractor = 13,889
By adding a factor to this calculation which corrects
the estimate for the percent of the commodities actually
treated with trifluralin, the modified Theoretical Maximal
Residue Concentration {TMRCMod) of trif1uralin

in

daily human diet is estimated to be 0.0102 mg/day.

the
The

safety factor between the NEL in the dog chronic feeding
study and the TMRCMod is greater than 58,000.

calculated as follows:
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This was

Human daily dose in 1.5 kg diet (TMRCM-0d) • 0.0102 mg/day
- Equivalent to• 0.0102 mg/day• 0.00017 mg/kg/day
60 kg
- NEL: Dietary ExposureMod •

10 mt/kg/day

• 58,824:1

0.000 7 mg/kg/day

- Safety F.actor =-,. 58,824
Based upon the rabbie teratology study, the safety

factor for dietary exposure would be as follows:

a. Human Daily Dose in 1.5 kg diet (TMRC)

~

0.0429 mg/day

- Equ1valent to : 0.0429 mg/day = 0.00072 '!19/k,g/day

60 kg

- NEL~ Exposure Dietary~ 450 mg/kg/day= 625,000:l

0.00072 mg/kg/day

- Safety factor= 625,000

b. Human Daily Dose in l.5 kg diet {TMRCMod).l]/
- Eq~ivalnet to= 0.0102 mg/day

60

2

2

0.00017 mg/kg/day

kg

- NEL: Exposur~ DietaryMod

z

450 m?/kg/day = 2,647,059:1
0.000 7 mg/kg/day

- Safety Factor= 2,6~7,059

13/

0.0102 mg/da.

TMRC x percent of total crop receiving trifluralin

t rea.tment.
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Based upon these figures, the current intake of
•
trifluralin on food crops does not pose a hazard to human
reproduction (Bennett, 1978).
b.

Acceptable Daily Intake (ADI)

In evaluating an application for a new tolerance,
the Agency calculates dietary exposure
.
- to the population.
For trifluralin the Agency has calculated an acceptable
daily intake (ADI) of 0.10 mg/kg body weight/day based
upon two- and three-year chronic feeding studies in
dogs.ll/

The lowest no-effect level (NEL) in those tests

was 400 ppm.

Converting this to mg/kg/day (400-ppm· x

0.025) gave a daily dose of 10 mg/kg/day in the dog.
The ADI was then calculated, using a safety
factor of 100, to be 0.10 mg/kg/day [(10 mg/kg/day)].
100
Assuming an average human body weight of 60 kg, the
maximum permissible intake (MP!) was calculated as:
60 kg x 0.10 mg/kg/day• 6.0 mg/60 kg person/day.

147 An ADI has not been established for trifluralin by the
FAQ/WHO; however, the National Academy of Scienc (NAS) also
calculated an ADI of 0.1 mg/kg/day (NAS, 1977).
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Based upon existing tolerances, the theoretical
maximal residue concentration (TMRC) for trif1uralin in the
daily human diet •is estimated to be 0.0429 mg/day.

This-

estimate assumes that trifluralin residues in treated
commodities exist at the level of the tolerance.

Based upon

this, the TMRC in the daily diet would be about 0.72i of the
A□ r

(Coberly, 1978).

The safety facto~ between the NEL in

the dog chronic feeding study and the TMRC is greater than
13,000.

This was cal curated a.s. follows:

a.

NEL = 400 ppm

b.

Equivalent to 10 mg/kg/day (conversion factor 0.025)

c.

Human daily dose in 1.5 kg diet (TMRC) = 0.0429 mg/day
- Equivalent to 0.0429 mg/day

60

mg/kg/day

= 0.00072

kg

- NEL: Dietary Exposure= 10.0 mg/ka/day

0.00072 mg/kg/day

= 13,889:1

- Safety Facto~= 13,889
The safety factor between the NEL in ~he dog chronic
feeding study and the TMRCMod is greater than 58,000:l
and was calculated as fallows:
~. Human daily dose in t .5 kg diet (TMRCMod)

s

0.01oz mg/day
- Equivalent to

2

0.0102 mg/day• 0.00017 mg/kg/day
60 kg

mg/lcg/dak = 58,824:1
o.Oo 11 mg/ g/day

- NEL: Dietar·y ExposureMod • 10.0

- Safety Factor• 58,82~
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c. Worker Exposure
Worker exposure to trifluralin occurs on onl~ a
few days per yea~ (ranging from 2.2 hours to 60.6 hours
far a gr i cu 1 tu r a 1 pest i c i de a pp 1 i cat o r·s and for l es s
than 162 hours per year for field workers).
Because exposure to workers is intermittent and the
only available test data on reproductive effects (Worth et
al., 1966) was obtained from a chronic feeding study,
the Agency concluded that i t would be inappropriate to
calculate a reproductive safety factor between the 200
ppm NEL in the rat reproduction test and the level of
worker exposure estimated for trifluralfn.
However, teratogenic responses can theoretically
result from exposure on any one day during the critical
periods of gestation.

Therefore, the Agency calculated

teratogenic safety factors between the NEL of 450
mg/kg/day in the rabbit test and worker exposure during
pesticide application and post-application.
Based upon the rabbit teratology study, these calculations are as follows:

a. NEL • 450 mg/kg/day
b. Applicator exposure, peppers {low of the range)

- 0.77 mg/yr of 2.2 hrs• 1 day of exposurell/
to 0.77 mg

•

ISJ Each eight-hour interval is
day for these calculations.

considered to equal (1)
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- Equivalent to~ 0.77 mg/day= 0.013 mg/kg/day
60 kg

- ~EL:Exposure Appli~ator 10 w~

34,515:l

450 mg/kg/daa 0.013 mg/kg/ ay

- Safety Factor= 34,615

c. Appltcator exposure, sugar cane (high of the range)
- 21.49 mg/yr of 60.6 hrs• 8 days of exposure to 21.49 mg
~ 2.69 mg/day

- E.qu-i¥-a..Tent t·o-:: 2.69 mg/day =- 0.045 mg/kg/day

60

'kg

450 ma/kg/day

- NEL:Exposure Applicato~high=

~

O.o 5 mg/kg/day

10,000:l

- Safety Factor• 10,000
d. Fieldworker exposure, cotton (low of the range)
- 32.49 ug/yr of 155 hrs

~

20 days of exposure to 32.49 ug

~

1.63 ug/day exposure

a

0.00163 mg/day exposure

- Equivalent to= 0.00163 mg/day= 0.0000272 mg/kg/day

60 kg

- NEL:Exposure Fieldworker 1 = 450 mg/kg/dao/ =
.
_
_
owo.0000212 mg/kg day

- Safety Facto~= 16,544,118

e- F1eldworke~ exposure, tomato (high of the range)
- 245.4 ug/yr of 162 hrs• 21 days of exposure to 245.4 ug
= 11.69 ug/day exposure
s

- Equivalen~ ta

s

0.01169 mg/day exposure

0.01169 mg/day= 0.000195 mg/kg/day
60 kg

- NEL:Exposur~ FieTdworkerhigb 450 m9/kg/day = 2,307,692:l
a.0001§5 mg/kg/day·
3

- Safety Factor= 2,307,692
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I. Environmental Risk
1.

Aquatic Organisms

The Agency has prepared an aquatic analysis for
trif1ura1in•(Bushong, 1978).

That analysis reported that

trifluralin is toxic to aquatic organisms at low levels.
Trifluralin is not applied directly to water; if it were
applied to water at normal field application rates, the
-

acute toxicity level for.sensitive aqll"iftic organisms would
be exceeded.

When trifluralin is applied and incorporated

into the soil as recommended, toxic quantities of the
compound do not move into the water (see Section II,B of
this document}.

The Agency has found that trifluralin

accumulates in various fish and a species of snail, but
toxic resonses to this accumulation have not been reported.
2.

Te~restrial Organisms

The Agency's analysis of the risks to terrestriaT
organisms indicates that the acute toxicity level for tr1fluralin
ranges from 2,000 mg/kg to greater than 10,000 mg/kg (Bushong.
These levels are so high that the Agency does not

1978).

consider the compound to pose a hazard to terrestrial
wildlif~.
III.

Benefits Analysis

A.

Introduction
This section desc~ibes the benefit~ of using Tref1an

on major crops and crop groups.

Impacts are shown comparing
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the economic impact of not continuing product registrations
versus a situation in which the product is registered and
available for use.
The economic impact information in this section is

taken from the economic analyses for Treflan prepared by the

United States Department of Agriculture (USDA) and the
Agency (USDA/EPA; 1978. 1978a) and from data supplied by the
National Herbicide Assessment Te~m for Trifluralin (USDA/
States, 1977).

Appendix r lists the individuals who made

up the latter team. These analyses are an update of the
assessments prepared earlier for the petition response
published in the Federal Register (42 FR 40009, August 8,
1977).
Treflan is a pre-emergent herbicide used once a year
to control annual grasses and some annual broadleaf weeds.

Generally. TrefTan is applied by Tow pressure spray
and is incorporated into the soil within 24 hours.
rts efficacy is not dependent on subsequent irrigation or

rainfall.
Since its introduction into the marketplace in the
early 1960 1 s, Treflan has gained acceptance by agricultural
producers of mo~e than 50 cropsp including soybeansp cotton,
frufts~ and vegetables.

Tre~lan ~se in these crops ranges

from Z.11 of the totaT U.S. cucumbe~ acreage to more than 37:
of U.S. soybean acreage (ave~ 19 mi Tl ion acres) and almost
70% of U.S. cotton acreage (ove~ 8 million acres).
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In May 1977, a short-run analysis was completed on
the economic impact of a possible Treflan suspension (USDA/EPA,
1977).

That analysis concluded that agricultural income would

decline by $521 million the first year after suspension.
In August 1977, the Agency decided not to suspend Treflan

because the benefits of its uses substantially outweighed
the risks during the two-year period estimated to be necessary
for completion of RPAR proceedings (42 FR 40009, August 8,
1977).
A revision of that short-run analysis completed in

August

1978 indicated that the economic impact of a

Treflan suspension would be a decline
income of about $573 million.

fn

agricultural

This information is summarized

in Tabl~ 25. The short-run analysis will not be discussed
in this document since it is applicable only to a suspension
action.
Instead, the Agency completed a long-run economic analysis
on the impact of~ possible Treflan cancellation in August 1978,
as part of the pre-RPAR review of Treflan (USDA/EPA, 1978a).ll/
•
Because analytical precision diminishes directly w1th the length
of time to be considered. the long-run estimates are applicable

l6/ This report along-run Economic Analysis of Trifluralina
TUSDA/Land Grant Universities), and data supplied by the
Natiorral Herbicide Assessment Team for trifluralin (USDA/
States, 1977) provides the basis for the discussion of this
section.
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TABLE 25
SHORT-RUN ECONOMIC IMPACT FROM A TRIFLURALIN SUSPENSION

u.s.

Crop
Cotto,J/
Solbean

Tri fl ura 1in
Treated Acres

Acreage Output Change
for this
Without
Triflural in
crop (%)

8,314,000

69.5

19,700,000

37.7

Change in
Weed Control
Cost (S)

Value of
Change in
Output (S)

2/
.574 M lbsJ/

+ 5,900,000

-392,400,000

-95.S- Mbushels

+ 36,000,000

-538,700,000

-959 M lbs

Fruits &
9egetab1es
•
..
•
•
•
•
•
•
•
•
•

Potatoes
Tomatoes
Peas ( a11 )
Cole Crop~41
Carrots
Peppers
Celery
CucurbitJ.1
Mint
Collag9s/Okra
Beanr

Sub Tota 1

72,000
337,250
131,610
128,281
31,526
20,395

5.3

472,000
+
+ 7,505,000
sos ,000
+ 5,385,000
+ 1,185,000
+ 1,169,000
364,00CJ°
+
+ 2,607,000
141,000
+
+ 1,069,000
+ 8,324,000

68.8
30.0

62.7
40.3
37.8
39 .4-24.S
7.7
90.0
75.6

13,510

80,080
7,040
9,450
311,192

I,142,334

- 10,852,000

+ 27,716,000

- 10,852,000

Other Field
Crops
•
•
•
•

Dry Beans 1,232,000
301,000
Peanuts
Sugar- Beets 264,880
650,000
Sunfi ewers

Sub Total
TOTAL

79.2

+--

34,108,000

- 28,468,000
- 11,840,000

19.3
65.0

+- ! ,303 ,000
+ 11,811,000
+-- 5,827,000

-

+-- 55,049,000

- 46,450,000

+124,665,000

-988,402,000

19.o
•

2,477,880

31,634,214
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6,142,000

TABLE 25
(Cont1nuea)

Crop

Total Change
in Costs and
Value of Output

Income Change From Income Change Income Change
Price Increase
On Acres
On Acres Not
Net
Normally Using Norma 11 y Using Income
or Acreage
Trif1uralin ($) Trifluralin ($)Change($)
Diversion (S)

Cotton!/

-398,300,000

+345,300,000

- 53,000,000

+149,000,000 + 96,000,00i

So:tbean

-574,700,000

+376,500,000

-198,200,000

-331,200,000 -529,400,00

Fruits &
~e~eta51es
472,000
7,505,000
10,347,000
5,385,000
1,185,000
1,169,000
364,000
2,607,000
Mint
141,000
Coll a69s/Okra - 1,069,000
Bean~
- 8,324,000

472,0007,505,000*
- 10,347,000
5,385,000*
1,185,000*
- 1,169,000*
364,000*
2,607,000*
141,000*
1,069,000*
8,324,000*

• Potatoes
• Tomatoes
Peas (a11)
Cole Crop~41 Carrots
• Peppers
• Celery
. CucurbitJ/

.
.
.
.
.

.

Sub Total

-

-

-

--

- 38,568,000

- 38,568,000

-

-

- 38,568,0C

Other Field
Crops
•
•
•
•

Dry Beans
Peanuts
Sugar Beets
Sunflowers

r~;a1
TOTAL-

Sub

17

62,576,000
15,143,000
11,811,000
11,969,000

-101,499,000
-1,113,067,000

62,576,000
15,143,000
11,811,000
11,969,000

-101,499,000
-391,267,000

+721,800,000

-101,499 ,0(
-182,200,000 -573 ,467 ,0(

Midpoint estimate of data from price elasticities of demand of -0.3 and -1.0.

7./ Lint cotton
'!/ Cottonseed

4/ Cabbage, broccoli, brussel sprouts, cauliflower only.

!/ Watennelons., cantaloupes, honeydews, cucumbers only ..
b/ Snapbeans, limaa beans, southern peas only ..

'ii These totals may not sum exactly due to rounding errors.

*/ This impact is based only upon increased production costs. Yield/quality
- reductions were not expected for th1s crop.
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only to a period of from three to five years after the time of a
possible cancellation.ll
B.

Long-Run Economic Impact Analysis
tf Treflan were cancelled, it is estimated that

annual agricultural income would decline by $313 millionll1 ;
Treflan users would lose $564.2 million and non-users would
gain $250.9 million (Table 26). The $564.2 million loss to
users includes a toss of S596.l rn1111on due to a decrease 1n
yield, plus an additional $262.9 million 1n increased weed
control costs.

This gives a total reduction in

revenues of

$859 million, which is partially offset by a gain of $294.8

million from shifting.to other crops and higher er~~ prices.
Cancelling rreflan would also cost consumers of
agricultural products at least $328.5 million per year.
Howeve~, this long-run economic analysis used partial
budgeting techniques, and this total annual figure is the
only consumer impact which was estimated.

The rest of the

analysis deals with changes irr agricultural income.

1 ..

Cotton

Based on the average number of acres planted in

cotton from 1971 to 1976~ Treflan is used on approximately
8 .. 3 mfllfon acres of cotton per year (701 of the total U.S.

IJJ Impacts are generally expressed in terms of 1974-76
'Tollars •. Both farm input and outut prices representative
fa~ 1979 would be generally higher due to inflation
and the atypically large increases frr foreign demand.
•
18/ The numbers used in this section are taken from the
text of USDA/EPA (r978a) whic~ are rounded off. The supporting
figures which were based on estimates for the crap years
1973-1976 can be found i~ the tables of that document.
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TABLE 26
LONG-RUN ECONOMrc IMPACT FROM A TRIFLURALIN CANCELLATION

u••
Crop

Trifluralin
Treated Acres

Acreage

Output Change
Without
Tri f1 ura 1in

Change in
Weed Control
Cost ( S)

Value of
Change in
Output (S)

for this
crop (%)

Cotton

8,314,000

69.5

-286 M 1bs-½~
-479 M lbs-

+ 32,700,000

-195,500,000

Soxbean

19,700,000

37.7

•61.5 M bushels

+150,300,000

-346,800,000

Fruits &
Vegeta51es
• Potatoes
• Tomatoes
• Peas (all )
•

•
•
•

.

•
•
•

72,000
337,250
131,610
31 128,281
Cole Crops=31,526
Carrots
Peppers
20,395
Celery
13,510
Cucurbitsi1
80,080
Mint
7,040
Colla 5?s/Okra 9,450
Beans-311,192

Sub Total

1,142,334

5.3

+
+

68.8

30.0
62.7
40.3

+
+
+

"37.8

39.4

+

24.5

+
+

7.7
90.0
75.6

+

+

387,000
7,505,000
.. 10,398,000
462,000
5,385,000
1,185,000
1,169 ;ooo ·
364,000
2,607,000
141,000
897,000
6,729,000

-

+ 25,907,000

- 10,398,000

79.2
19.6
19.3
65.0

+ 32,737,000
+ 4,031,000
+ 11,811,000
+ 5,369,000

- 26,935,000
- 10,692,000

-

+ 53,948,000

- 43,297,000

+262,855,000

-596,095,000

Other Field
Crops
• Dry Beans
1,232,000
• Peanuts
301,000
• Sugar Beets 264,880
• Sunfl ower-s
650,000

Sub Total
TOTAL

2,4n,aso
31,634,214

-123-

..

5,670,000

TABLE 26
(Continued)

Croo

Total Change in
Cost and Value
of Output {$)

lncome Change From Income Change
Price Increase
On Acres
or Acreage
Nonna11y Using
Diversion {S)
Tr1 fl ura l in ($)

Income Change
On Acres Not
Net
Normally Using Income
Tr1fl ura l in ($) Change (!

Cottori

-228,300,000

+ 76,500,000

-151,800,000

+ 36,000,000

-115 ,800 ,0(

So;tbean

-49T,100,000

+218 ,Joo·,oo<r

-27aJ300,000

+214,900,000

- 63,900 ,0(

Fruits &
Ve9eta61es
•
•
•
•
•
•
•
•
•

Potatoes
Tomatoes
Peas (all)
Co 1e Craps-::-31
Carrots
Peppers
Celery
Cucurbits,Y
Mint
• Co11a 9s/0kra
5
• Bean~

Sub Total

..

--

-

- 36,305,000

387,000*
7,S05,000*
9,,936,000
5,385,000*
l,185,000*
1,169,000*
364 ,000*
2,607 ,000*
141,000*
897 ,000*
6,729,000*
- 35,305,0(

- 35,305,000

Other Field

Crops
•
•
•
•

Dry Beans
Peanuts
Sugar Beets
Sunf1owers

Sub Total

TOTAL

- 97,245,000
858,950,000

+294,800 ,,000

59,672,000
14-,723,000
11,811,000
11,039,000

- 97,245,000
-564,150,000

+250,900,000

1/ Lint cotton
"'l/ Cottonseed
!/ Cabbage, brocco 1i , brusse1 sprouts,. cau 11 fT ower on 1y.
4/ Watermelons, cantaloupes, honeydews, cucumbers only.
!/ Snapbeans, lima beans, southern peas only.
~ This impact 1s based only upon 1ncreased production costs. Y1eld/qua11ty
reductions were not expected for this crop.
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- 97,245 ,oc
-313 ,250 ,0(

planted cotton acreage).

If Treflan were cancelled, users

could expect their yields to decrease and weed control costs
to increase. The total value of this loss in yields is
estimated to be $195.6 million (based on an average yield
from 1971 ta 1976, and a price for lint cotton of $0.60 per
pound and cottonseed of $0.05 per pound).ll/ Assuming that
a 1 t e r n a t i v e h er b i c i de p r·i c es wo u 1 d b e u n ch a n g e d , t h at

alternative herbicides would be available in sufficient
qua n t i t 1 es

, and th at there wo u 1 d. be s uf f i c i en t hand 1 ab or

and mechanical equipment available at current market prices,
the cost of controlling weeds would

increase by $32.7

million.ll/ It is expected that the price of cotton would
increase, partially_ offsetting the loss to Trefl!_n_ ~sers by
S76.S million.ill

In making this determination, the Agency

assumed that some cotton previously going to the export
market would flow to the domestic market in response to the
cotton shortage caused by reduced yi~lds.

The net loss of

income to cotton producers using Treflan would be $151.8
m111ion.

This includes a $195.6 million loss due to reduced

cotton yield, a $32.7 million increase in weed control
costs, and a $76.5 million offsetting revenue gain from a
cotton price increase.

Because the price for cotton would

increase, the income of farmers who do not use Treflan would
19/ Gaede, 1979. This is a projection based on 1973-1977 data.
'!IT/ The herbicides selected as possible alternatives to Treflan
will vary according to region. Costs are estimated on one
appltcation of either fluchloralin, dinitramine, pendimethalin,
profluralin, fluometuron,
diuron, prometryn, norflurazon, DCPA,
bensulide, alachlor, other din1troanilines, various mixtures, or
cultivation and hoeing.
21/ A orice elasticity of demand at - 1.5 was used for lint c~tto
which increased price by 2.2 cents per pound. No change in
cottonseed price was assumed.
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increase by $36 million. The total income change for all
cotton growers would be a decrease of SllS.8 million (-$151.8
million for Treflan users;+ $36.0 million for non-users).
2.

Soybeans

Based on the average numbe~ of acres planted in
soybeans_ f ram 19·7 4 to 19 7 6 ,._ Trefl an- is used on ap pro.xi mate 1ylS. 7 millio~ acres of soybeans per year {38i of the total

acres planted in soybeans fn the U.S.).

As with cotton, if

Treflan were cancelled. users could expect yields to
decrease and weed control costs to increase.

The value of

the yield reduction is estimated to be $346.8 million (based
on a soybean price .of $'5.64 per bushel)

.ll/ Asswni.ng that

alternative herbicide prices would be unchanged, that
alternative herbicides would be available in sufficient
quantities, and that there would

be

sufficient hand labor

and mechanical equipment at current market prices, the
cost of controlling weeds would increase by $150.3 million.ill
lt i~ expected that the price of soybeans would increase~

yielding an additional $209.1 million for Treflan users plus
$9.Z million in- revenue from acres shifted to corn. 241

22/ The soybean base price is a weighted average from
1974-1976.
23/ The herbicides selected as possible alternatives to
TFeflan will vary according to region. The analyzed alternatives ar~ metribuzin~ other dinitroanilines, aTachlor alone,
alacnTor and metribuzin or linuron or naptalam, vernolate,
chloramben, lfnuron and additional cultivations, and nonchemical controls: cultivation-. rotation to corn, and
delayed planting.
24/ Pric! changes as a result of decreased soybean output
wire estimated using revenue flexibilities from a simultaneous
equation mode1 and are an increase of SO. 50 per- bus he 1 for
soybeans and a decrease of S0.069 per bushel for corn for
each 100 million bushel changes in production. The base
price for- soybeans is $5.64 pe~ bushel and for corn, $2.68
per bushel (1974-1976 average). It is estimated that
340.000 soybean acres would be shifted to corn.

This would mean a total offsetting increase in revenues of
$218.3 million.

Thus, the net income loss for soybean

producers using Treflan would be $278.8 million (- $346.8
million in the value of soybean yield; • $150.3 million in
increased weed control costs;+ $209.1 million offsetting
revenue gain from increased soybean value;+ S9.2 million
from acres shifted to corn).

The income for non-users of

Tr~flan would increase by $214.9"milli•011 (from a $337.2
million increase in the value of their soybeans as a result
of a price increase, and a Sl22.3 million loss from a
decrease in corn prices).

The total fncome change for

soybean and corn growers would be a decrease of $63.9
million (- $278.8 million for Treflan users; + $214.9
million for non-users).
3.

Fruits and Vegetables

Based on the average number of planted acres from
1974 to 1976, Treflan is used on approximately 1.1 million
acres of fruits and vegetables. !f Treflan were cancelled,
weed control costs would fncrease, but yields would decrease
only for peas.

The value of this yield reduction is estimated

to be $10.4 million.ill

Assuming that alternative herbicide

prices would be unchanged~ that alternative herbicides would
be available in suff1cient quantities, and that there would
be sufficient hand labor and mechanfcal equfpment available

25/

U:s.

Assumes an average pea yield of 1.3 tons/acre in the

and a three year average price of 5204/ton. Average
yields were estimated to decline by 5% on profluralin-treated
acres, 2oi on dalapon-treated acres, and 40% on acres using
cultivation only.
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at current market prices, the cost of controlling weeds
would increase by $25.9 million ($16.0 million for hand
weeding, $5.9 million far alternative herbicides, $4.0
million far mechanical cultivation). 261

Price changes were

not estimated for fruits and vegetables due to a possible
Treflan cancellation.

The income loss for vegetable

and fruit growers using Treflan is estimated to be $36.3
million (due.. to a S-10.~ million reducthrn as a resu.l't ofreduced pea yields, and S25.9 milltan in increased weed
control costs).
4.

Other Field Crops

Based on the average number of planted acres from
1974 to 1975, Treflan 1s used on approximately 2.5 million

acres of dry beans> peanuts, sugar beets, and sunflowers.

lf Treflan were cancelled, current users could expect their
yields to decrease (except for sugar beets) and weed control
costs to increase. The value of yield reductions is estimated
to be $43.3 million (based on average yields and prices for
1974-1976). 271 Assumtng that alternative herbicide prices

Z6/ Alternative herbicides considered were diphenamid.
bensulide, napropamide, pebulate, dalapon, EPTC, profluralin,
nitrofen, dinitramine, oil, chlorpropham, linuran, ONBP,
alachtor, metribuzin, terbacil, chloramben, naptalam,
various chemical combinations, mechanical cultivation and
hand weeding were also considered where applicable.
27/ It is estimated that yield losses will be 5-101 for
sunflowe~, 5-lSl for peanuts, 0~1i for dry beans (except in
Idaho where an additional Oto 2oi yield loss could result
du~ to shattering), and no yield change for sugarbeets.
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would be unchanged, that alternative herbicides wou1d be
available in sufficient quantities. and that there would be
sufficient hand labor and mechanical equipment available at
current market prices, the cost of controlling weeds would

increase by $53.9 million (an increase of $48.5 million for
hand weeding, $7.4 million for mechani~l cultivation, and a

decrease of $1.9 million in the cost of alternative

·herbicides).ll/

No estimate.s were made for prfce changes

due to a possible Treflan cancellation.

The income loss

to growers of dry beans, peanuts, sugarbeets, and sunflowers
is estimated to be $97.2 million (- $43.3 million reduction

in the value of yield; - $53.9 million in increased weed
control costs) ..

28/ It is estimated that there would be a decreased alternaTive herbicide cost for dry beans of $6.9 million and an
increase cost for peanuts ($1.0 million), sunflowers ($3.6
million), and sugarbeets ($0.4 million. Alternatives that
were considered are: profluralin, dinit~amine, EPTC,
alachlor., chloramben, DNBP, and hand weeding for dry beans;
alachlo~ verno1ate, dinitramine, mechanical and hand weeding
for peanuts; EPTC, mechanical mechanica1 cultivation and
hand weeding for sugarbeets; chloramben, profluralin,
EPTC, and mechanical cultivation for sunflowers.
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IV.

Risk-Benefit Analysis of A!ternative Courses of Action
A. !ntroduction
The Agency has determined that both technical and

rormulated trifluralin is contaminated with low levels of

the N-nitroso contaminant NDPA, a demonstrated oncogen io
rats, mice, and hamsters, and a

mutagen in bacteria, yeast,

and in an in vitro mammalian celi culture.

Treflan {the

trade name- fo~ tri!.l.uralin) Ls, therefO..I:.e, pr-esumed to be. an
oncogen and a mutagen. 29/

B. Ootions
The Agency has considered three regulatory

options~
(l) to cancel r-egistrations of all products containing

trif'luralin,

(2) to allow continued tr1flural1n use without further
regulation, or-

(3) to allow continued trifluralin use only if its NDPA
contamination does not exceed a certain level.
(l) Cancell Reg1str-ations of all Products
Containing Trifluralin
Table 27 summarizes information rrom tne risks and
benefits analysis for the agricultural uses of the pr-edcminant
29/ Under9

4a

CFR

f

162. ll (a) ( 3) ( ii)

, "A rebu ttable presumption

shall arise it a pesticide's ingredient(s) •.• meet or exceed

any of the following criteria for ri3k, ••. Induces oncogenic
effects in experi~ental mammalian species or in man as
a result of oral, inhalation or dermal exposure; or induces
mutagenic effect3, as determined by multi test evidence.,,

~DPA-contaminated Treflan would also be conside~ed a ~utagen
under
the Proposed
Mutagenicity Guidelines. 43 FR 37336 t
11 ......... ,,..,
, ('\"!'Q

TABLE 27

1/
RISK/BENEFIT COMPARISON OF TRIFLURAUN USES2/

Number of
Workers

Use
Soybeans

Cotton
Potatoes
Tana.toes 41
Cole CropsCarrots
Peppers
Celery

Cucur97tJ/

Mint;s.;..
Gree~/
0/

~

Peanuts
Sugar Beets
Sunflower
Sugar

ean1 1

Tree/Vine-2

Hops

Dill
Mustard Seed
Safflower
Spring Wheat
Alfalfa
Corn Grain
Asparagus
Subtotal
Camnercial
Applicate~
Total

193,000
64,000
1,800
13,500
4,200
700
2,300
200
6,000

so

3,500
23,700
3,100
4,500
5,200
5,500
100
4,000
50
< 50
50

, ,ooo

1,000
300

AG - Worker
Cancer Gases
0.03
<0.01
<C.01
<0.01
<0.01
<O.Ol
<0.01
<D.Ol
<D.Ol
<0.01
<O.Ol
<O.Ol
<0.01
<O.Ol
<0.01
<O.Ol
<O.Ol
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<O.Ol

:JI Long-Run Econcmic

Dietary
Cancer
Gases
0.17
0.52
0.14
0.98
0.30
1.91
0.02
0.06
0.35
0.10
0.09
1.36

o.os

a.om,;
0.2
0.01

.ill

63,900,000
115,800,000
387,000
7,505,000
5,385,000
1,185,000
1,169,000
364,000
2,607,000
141,0009/
897,00().f;
66,401,00olJ!
9, 936-,ooe,
14,723,000
11,811,000
11,039,000,,.v
p~

0.79

PNA

<0.01
0.01
0.01

1'NA
PNA

0.06

PNA

PNA

PNA

O.Ol
16/

0.490.01

PNA
PNA
PNA

337,800

<O.Ol.

7.76

313,250,000

3,800

<O.Ol

NA

NA

340,000

<0.04

<8.00

313,250,000
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5/

AnalysisFarm Income Losses
Fran a Tri!lurallD
Cancellation

TABLE 27
(Continued)
1/ Thi.s estimate is based upon a aia:d.:num theoretical
calculation which assumes that crop r-esidu~ of NDPA exist
following Tref'lan tr-eat:nent. Such t"eSidues have not been
detected in a number of species analyzed at a level. of
sensitivity of 0.1 to 0.2 ppb. 1his estimate assumes an
NDPA level of 5 ppm 1n Treflan. To calculate the approximater-1.sk at l ppm NDPA. 1n Tref'lan divide these cumbers by 5.
2/ Applicators, incorporator-s, mix!r-3, loaders.

Ji.

For O.S. population-of" 2.2 x 10: fNlll".70-yearexposure.
period.
4/ Cole crops: cauliflower, broccoli, br-u.ssel sprouts,

cabbage.

.

Numbers are negative unless otherwise indicated. They
°n!flect annual econcmic impact estimates for the i:l::!nediate
3-5 years following pos.,ible cancellation.
6/ CUrcurbits: cantaloupes, watermelon, cucumbers.
7/ Mints: spearmint, peppermint~
~ Greens: kale, collards, turnips, mustard.

5/

9/ Col..la.rds only.
10/ Bea.ns: guar, mung, lima, snap, southern peas, dry beans.

l.!! Snap

beans, l.ima, southern peas and drJ beans only.
Peas: dry, Eng.1.1.sh, field.
TI; Dietar7 parameter-s combine sugar cane and sugar beets.
"flr/ PNA: parameter not assessed.
l's/ Tree/Vine: grapes, citl"U.'3, nu~ trees, stone fri.dts.
12/

io; No human food. u.se.

•
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form of trifluralin, Treflan EC.

The risk estimates are
made for Treflan contaminated with 5 ppm NDPA.~1 The risk
shown is that for cancer to applicators through work-related
exposure and to the general public through dietary exposure.
Other uses, including nursery, landscape, and home u3es,
involve application of the compound on smaller areas (each
applicator would use smaller amounts of trifluralin and
would have less exposure time than his agricultural
counterpart) or involve products ·with mtlch. less trifluralin
and therefore less NDPA in their composition.

Use of such

products would confer only a fraction of the risk shown
for agricultural uses. In addition, because of the low
trifluralin and NDPA levels in many of these other products,
it is not possible to measure NDPA exposure from their

use.
There are more than 300,000 workers involved with
Treflan application operations to agricultural sites
(including mixing, loading, application, and incorporation).

The number of workers applying the herbicide to a particular
crop ranges from less than 50 for dill to almost 200,000
for soybeans.

Exposure to NDPA from Treflac u~e ranges

from a low of 0.18 ug per year in greens to a high of
5.05 ug per year in sugarcane.

Workers applying the

product have an estimated risk of developing cancer from
such exposure on the order of one in 10,000,000.

The

Agency estimates this would result in less than one case

of cancer 1n the entire applicator populat~oc.
•1 Th~s level would be divided by 5 to derive ac estimate of
approx!mate risk from Treflan contaminated at l ppm NDPA.
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The Agency estimated risk to field workers entering

Treflan-treated fields to be about l in 10,000,000 using a
worst-case model and to be negligible in another model.
Risk from contac~ with contaminated soil would be of the
.same magnitude or- les~ ..

The.Agency has estimated the dietary exposure to
NDPA from Treflan use to be about 8.0 x 10- 8 mg/kg diet/day
from all crops treated with this herbicide.
result in an approximate risk
the

o.s.

or

This would
less than 9 x 10- 9 for

population over a 70-year lifetime of ingesting

Treflan-treated crops which might contain NDPA.

It must be

emphasized that this estimate is very imprecise and
conservative since analyses of Tre!lan-treated crops at
harvest have not succeeded in detecting NDPA residues, and
since measurable levels

or

such residues are not likely

because of the low product contamination.
Technical and formulated trifluralin preparations
hav~ not shown mutagenic activity in numerous test systems,
however, the principle contaminant of both (NDPA) has
induced point mutations in bacterial and mammalian in

vitro tests and altered genetic processes in a yeast.
Limited studies appear to show that high concentration of
tritlura1in have the capacity to disrupt formation or
function of the spindle apparatus in dividing cells,
thereby having the potential to cause abnormal segregation

ot chromosomes (non-disjunction).

•

Existing data are not adequate to determine or
to quantify any risk for gene or DNA interactions posed

by NDPA contaminated trifluralin.

However, since existing

data from studies ~ith NDPA contaminated trifluralin
preparations seem to contradict positive results obtained
in mutagenicity assays with NDPA alone, and because human
exposure to NDPA from trifluralin use is ex!rmely low, the
Agency considers the potential for such_a hazard to be

low. In addition, data on transport or NDPA to germinal
tissue and its metabolism to active forms therein is
iccocclusive.
With respect to spindle effects, the Agency_ ~s.
not certain whether trifluralin itself, a me~abolite or
a contaminant in this herbicide is the active component

in this regard.

The existing data are not adequate

to demonstrate the existence of a significant risk

from effects to the cell division spindle at estimated
trirluralin or NDPA exposure levels.

The Agency assessed the long-run impact of cancelling
Treflan. The net loss of farm income was estimated to be
greater than $300 million per year for 3- to 5- year
period following a cancellation.

include some

or

This figure does not

the minor use crops treated witb this

herbicide.

If all Treflan registrations were cancelled, therefore,
the carcinogenic and mutag~nic risks which derive from
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Tref'lan use would be eliminated and f'arm income would
decrease by approximately $300 million per year for the
years immediately f'ollowing cancellation.
(2) Allow Continued T~i~luralin Use #!thout Further
Regulation
This option would not reduce the carcinogenic and·
mutagenic ~isks associated with 1reflarr-use, as desc~ibed
in... the. previous section.

Furthermore, ~DPA contamioation

of Tretlan could increase above the cur~ent level, causing
an··increase in risk without any increase in benefits.
Far~ income, however, would not suffer any o~ the $300
million per year estimated loss due to cancellation.
(3) Allow Continued !rifluralin Use Only if its

NDPA

Contamination Does Not Exceed a Certain Level
The single O.S. producer of Technical t~ifluralin has

informed the Agency that it now produces the technical and
end use product contaminated with 1 ppm NDPA or less.

Ir

the Agency were to require that this level. of purity be

maintained, risk_ would be reduced from that associated wi~h

5 ppm NDPA contamination.

There would be no impact on

benefits; farm income would be unchanged because ali

Trerlan uses would coatinue, and the single tritluralin
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•

producer would not exper1ence any added expensJ..Q/ since
it has a1raady made the necessary modifications to produce
trifluralin at 1 ppm NDPA or less.
V. Proposed Regulatory Action
The Agency proposes to adopt option 3 -- to allow
continued triflura1in use only if its NOPA contamination
does not exceed a certain level.

At the current low level

of NDPA contamination (1 ppm or less), and because of
low exposure and substantial benefits, the Agency has
determined that the benefits of Treflan use outweigh the
risks.

Therefore, the Agency has decided not to unconditionally

cancel all trifluralin registrations (Option 1).- T~e
Agency has determined, however, that use of trifluralin
contaminated with greate~ ~han 1 ppm of NDPA would be
unreasonable. because the risks would be increased unnecessarily
with no offsetting increase in benefits (Option 2}.
The only active producer has demonstrated, furthermore, that
it is technically feasible to produce trifluralin at this
level of contamination.

Therefore, the Agency proposes to

issue a section 5(b)(l) notice of intent to cancel all

30/ This analysis pertains to the single Treflan registrant
w'Fiich currently produces Treflan as well as other registrants
with the current capability of producing Treflan at 1 ppm
NDPA or less. With regard to potential registrant-producers
who wou1d be unable to meet the NDPA contamination level
requirement without substantially increased cost, a separate
risk/benefit analysis would be required which would examine
the risks and benefits of Treflan at the higher NDPA contamination. That analysis would also examine the cost of reducing
the N0PA contamination to 1 ppm and the reduction of risk
achieved by that limitation.
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tr1rlural1n registrat1oas-ll unless registrants amend their
ter~s and conditions of registration to limit the NDPA

·
content in triflural1n to a level not to exceed l ppm.E1

rn

regard to those who are currently operating under State-

approved trifluralin registrations with Federal trifluralin
registration applications pending· C1nai EPA. decisionll(
and those who may have· submitted applications fo~ new
trifluralin ~egistrations, their ~pplicatioos will be denied
unless those applications are amended to sati3fy the requirement that the NDPA content in trifluralin does not exceed l

ppm.

Once these applications are a.mended to comply with

the~e requirements, they will continue to

be

reviewed by the

Agency to assess whether all registration requirements have
been satisfied.
311 Some registrants have received state registrations
fo~ trifluralin to ~eet special local needs under the
authority of 24(c) of FIFRA. Thes~ registrations are
federal registrations governed by FIFRA. !hey are subject to
this proposed 6(b)(l) ootice of intent to conditionally
cancel all trifluralin registrations.
,Bl Once registrants have amended their- terms and conditions
of registration to comply with· the maximum NDPA contamination
requirement, it ~ill be unlawful (under sections l2(a)(l)(c)
and (E) of FIFRA) to sell o~ distribute trifluralin products
whose registrations have been so amended if they are
contaminated with NDPA at levels greater than l ppm.
,ll/ Onde~ 40 CFR 162.17, all State-registered pestic!de
products, unless governed by sectioon 24(c) of FIFRA,
must be registered unde~ FIFRA. Pending a final EPA
registration decision, howeve~, State registrants ~ay
continu& to sell or•distribute the pesticide product it
solely within: intrastate oommet"'ce.
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The label amendment proposed by this notice shall
appear on the label under the inert ingredients section
of the ingredients statement and shall read as follows:
N-nitroso-di-n-propylamine (NOPA) ••••• < 1 ppm.
The amendment to the confidential statement of
formula proposed by this notice shall appear in that
statement under the inert ingredientssection of the
ingredients statement and shall read as follows:
N-nitroso-di-n-propylamine (NOPA) •••••• < lppm.
The triflura_lin registrants will be requi_,:~d.to
certify that this level is an upper limit in accordance
with f163.61-6 of the Guidelines for Registration of
Pesticides in the United States, Subpart D, Chemistry
Requirements, as proposed on July 10, 1978 (43 FR 29709-29710].
A registrant who distributes a pesticide product, the
chemical composition of which differs from the amended
chemical composition statement, will be in violation
of FIFRA section 12(a)(l)(C) and subject to sanctions under
section 13 and 14 of FIFRA.
The registrants of trifluralin must also advise
the Agency as t~ quality control procedures they will
institute to assure the Agency that the level of NDPA as
stated on the label is not exceeded.

In addition, registrants

must maintain accurate quality control records on these
products and make such records available to the Agency
on demand.
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Finally, the Agency considers the data on the
mutagenic potential (including ONA, gene and chromosomal
effects) of thii compound (including ft benzimidazole
metabolites) to be inadequate fa~ a precise determination
of risk.

Additionally,_ the Agency considers the data on

reproduction and teratology to be inadequate. FIFRA Section
3(c)(2)(B) states in part, that:
{i) If the Administrator.determines that additional

data are required to mafntain in effect an
existing registrat.ion of a pesticide, the
Administrator shall notify all existing registrants
of the pesticide to which the determination
r~lates and provide a list of such registrants
to any interested person.

The Agency, therefore, will requfre registrants
of products containing trifluralin to test trifluralin
and provid~ the Agency with data concerning the mutagenic
potential of thi~ compound and its benzimidazole metabolites
see Section III (mutagenicity risk assessment).

-A d d i t i o n a l l y

the- Agency will requfre the registrants to perform new
reproduction tests (see Section IIr. H. 1 of thfs PO)
•
and teratology tests (see Section III. H. 2 of this PO)
to satisfy data gaps existing for those criteria.

The

Agency will specify requirement for filling these data
gaps consistent with the expeditious resolution of these

issues..
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