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EXECUTIVE SUMMARY
Rodeo is an aqueous solution of the isopropyl amine salt of glyphosate. The manufacturer
recommends use of a nonionic surfactant with all applications of Rodeo to improve efficacy.
Surfactant formulations that are used with Rodeo include:
Agri-Dex (Setre Chemical Co.)
LI 700 (Loveland Industries, Inc.)
R-11 (Wilbur-Ellis Co.)
Latron AG-98 (Rohm and Haas Co.)
Latron AG-98 AG (Rohm and Haas Co.)
This report describes the components of the above surfactant formulations and notes those
components that are listed in the U.S. EPA List of Inert Ingredients in Pesticides. All of the
formulations are chemical mixtures and must be considered as mixtures in toxicity
assessments. In this context, an assessment of the specific surfactants in any of the
formulations or generalizations about the toxicology of surfactants as a group may not apply to
the formulations. This consideration places extreme importance on data regarding the toxicity
of the formulations themselves. The lack of such data will render any predictions about the
effects of the formulations on glyphosate highly uncertain.
Based on the results of searches of the published literature and the Toxic Substances Control
Act Test Submission (TSCATS) database, little data are available regarding the toxicity of the
surfactant formulations. The available data on the formulations consist of acute lethality
studies of LI 700 in rats and rabbits; dermal and eye irritation studies of LI 700 in rabbits;
aquatic toxicity studies of LI 700, R-11 and Agri-Dex in fish and invertebrates; and a study of
the effects of Triton AG-98 (Latron AG-98) on the fungus Mucor mucedo (Mucor rot). These
studies indicate that the aquatic toxicity potency of R-11 may be considerably greater (10 to 50
times greater) than that of LI 700 and Agri-Dex.
The lack of toxicology studies of the surfactant formulations makes it difficult to predict what
effects, if any, the formulations may have on the toxicity of Rodeo. The toxicologies of some
of the surfactants in the various formulations were studied (summaries are provided in this
report); however, the studies alone do not provide a basis for predicting either the toxicity of
the formulations or their effects on the toxicity of Rodeo.
Information regarding the surfactants in the glyphosate formulations Roundup and Roundup
Pro is summarized in this report; the summary was extracted from the draft report, Selected
Commercial Formulations of Glyphosate - Accord, Rodeo, Roundup and Roundup Pro. Risk
Assessment Final Report, prepared for USDA by Syracuse Environmental Research Associates
(SERA, 1996). There is some uncertainty in the interpretation of the toxicity data on
Roundup with respect to the potential significance of the surfactant; however, since the
available toxicity data on Roundup are adequate for identifying toxic thresholds, the
iii

uncertainty regarding the surfactant is a relatively minor one. There is much less toxicological
information available on Roundup Pro and the surfactant used in Roundup Pro. Based on a
comparison of the available toxicity data on Roundup Pro with corresponding data on
Roundup, it appears that these two formulations will have similar toxicological properties,
although Roundup Pro may be somewhat less irritating to the skin and eyes.
A major qualitative difference between the effect of glyphosate and glyphosate formulations on
aquatic and terrestrial organisms concerns the surfactant used in Roundup. The surfactant is
much more toxic than glyphosate to aquatic organisms. Unlike glyphosate, the surfactant is
more toxic in alkaline water than in acidic water. Thus, the relative potency of the surfactant
with respect to glyphosate is pH dependent. There is relatively little information regarding the
toxicity of Roundup Pro to aquatic species. Nonetheless, the acute lethal potencies of
Roundup and Roundup Pro are similar.

iv

1. INTRODUCTION
Rodeo is an aqueous solution of the isopropyl amine salt of glyphosate. The manufacturer
recommends use of a nonionic surfactant with all applications of Rodeo to improve efficacy.
Surfactant formulations that are used with Rodeo include:
Agri-Dex (Setre Chemical Co.)
LI-700 (Loveland Industries, Inc.)
R-11 (Wilbur-Ellis Co.)
Latron AG-98 (Rohm and Haas Co.)
Latron AG-98 AG (Rohm and Haas Co.)
All of the above formulations are mixtures containing various surfactants and other ingredients
(e.g., solvents, antifoam compounds).
The term surfactant refers to chemicals that have pronounced surface activity in aqueous
solutions. Surface activity derives from the orientation of hydrophillic and hydrophobic
groups within the surfactant molecule which yield oriented films at the aqueous boundaries that
can decrease surface tension. In the formulations listed above, the hydrophillic portion of the
surfactants consists of an oxyethyl polymer or, in one of the surfactants in LI-700, a choline
phosphate ester of glycerol. Surfactant hydrophobicity is derived from saturated hydrocarbon
chains of various length and linkages to the hydrophillic group. With the exception of
phosphatidylcholine choline, all of the surfactants are nonionic.
The following general issues must be considered in an assessment of the effects of surfactant
formulations on the toxicity of glyphosate:
1.

The formulations are chemical mixtures and must be considered as mixtures in toxicity
assessments. In this context, an assessment of the specific surfactants in any of the
formulations or generalizations about the toxicology of surfactants as a group may not
apply to the formulations. This consideration places extreme importance on data
regarding the toxicity of the formulations themselves. The lack of such data will
render any predictions about the effects of the formulations on glyphosate highly
uncertain.

2.

The same structural characteristics that produce surface activity in aqueous solutions
allow surfactants to interact with biological membranes which are, in themselves,
oriented films of surfactants, mainly, lipid phosphatides (Edidin and Sessions 1983).
Thus, surfactants can be expected to interact with and perturb the structure, physical
properties, and function of membranes. The degree to which these interactions occur
depends on the physical and chemical properties of the surfactant (Caux et al. 1993,
Wax et al. 1994). The wide range of possible effects of such interactions makes it
extremely difficult to predict, with any certainty, the toxicity of surfactants or their
1

effects on the disposition or toxicity of other chemicals based on structural,
mechanistic, or theoretical considerations alone. This point underscores the importance
of toxicity assays (e.g., acute, chronic, different routes) in predicting the toxicity of the
surfactants on humans or other species or the effects of the surfactants on the toxicity of
glyphosate.
3.

Possible mechanisms by which the surfactants might exert biological effects or affect
the toxicity of glyphosate include: decreasing surface tension (Ernst and Arditti 1980,
Imai et al. 1994); perturbing membrane permeability or transport function of
membranes or other diffusion barriers (e.g., leaf cuticle), including permeability to
glyphosate (Coret and Chamel 1993, 1994, Wax et al. 1994); and interacting directly
with glyphosate to alter the disposition of glyphosate. Evidence for specific
mechanisms of interactions between glyphosate and surfactants is lacking.

4.

The structural characteristics of extreme hydrophillicity and hydrophobicity of
surfactants may result in very different interactions with hydrophobic and hydrophillic
herbicides. Thus, the relatively water-soluble isopropyl amine salt of glyphosate may
interact differently with surfactants than the less water-soluble parent compound or
other more insoluble herbicides (Coret and Chamel, 1993, 1994). The dependence of
surfactant-herbicide interactions on herbicide structure will introduce uncertainty into
extrapolations based on data for other herbicides.

5.

At concentrations exceeding a critical value, surfactants in aqueous solutions form
micelles in which the hydrophobic groups orient toward the inside of the micelle and
the hydrophillic groups are oriented toward the outside aqueous environment. The
concentration at which a surfactant forms micelles varies with the structure of the
surfactant and properties of the aqueous solution and is known as the critical micelle
concentration (CMC). It is very likely that the toxicology and any interactions that
occur between surfactants and glyphosate will be different at surfactant concentrations
above and below the CMC because of the extreme differences in the physical properties
of the micelle and the "free" surfactant molecule. This means that predictions that are
based on toxicity assays conducted at concentrations below the CMC may not apply to
conditions in which the surfactant concentration exceeds the CMC, and vice versa. The
CMC for the surfactants cannot be estimated from the information available on the
various formulations. Furthermore, the consequences of exceeding the CMC on the
toxicity of the surfactants and on the toxicity of glyphosate is not predictable given our
lack of understanding about mechanisms of toxicity and interactions with glyphosate.

6.

The biological effects of surfactants and their interactions with glyphosate are expected
to be highly sensitive to the structural characteristics that determine the absolute and
relative hydrophobicity and hydrophillicity of the surfactant (Coret and Chamel 1994,
Ernst and Arditti 1980, Imai et al. 1994, Knoche et al. 1992). This expectation
introduces uncertainties in the predictions of the biological effects of surfactant
2

mixtures of varying and/or unknown structure, based on data for any given surfactant.
A related issue is that product labels, manufacturer data sheets, and material safety data
sheets (MSDS) do not identify the exact chemical structures of the surfactants in the
various formulations.
The above considerations reinforce the importance of bioassay data on the surfactant
formulations to support assessments of toxicity or interactions with glyphosate. For this
reason, the emphasis of this report is on characterizing the types of toxicological data that are
available for making such assessments.
Chapter 2 of this report, which follows the Introduction, describes the components of the
various surfactant formulations and notes those components that are listed in the U.S. EPA
List of Inert Ingredients in Pesticides. Chapter 3 summarizes data that are available on the
toxicity of the formulations and on the surfactants in the formulations. The objective of the
summary is to present an overview of the types of data available on the formulations and
surfactants and is not intended to be an in depth evaluation or analysis of the data. Chapter 4
summarizes information on the surfactants that are in the glyphosate formulations Roundup and
Roundup Pro. This summary was extracted from the draft report, Selected Commercial
Formulations of Glyphosate - Accord, Rodeo, Roundup and Roundup Pro. Risk Assessment
Final Report, prepared for USDA by Syracuse Environmental Research Associates (SERA,
1996). References are provided in Chapter 5.
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2. CONSTITUENTS OF SURFACTANT FORMULATIONS USED WITH RODE0
Constituents of the surfactant formulations Agri-Dex, LI-700, R-11, Latron AG-98 and Latron
AG-98 AG are presented in Table 2-1. Those constituents that appear on the U.S. EPA Lists
of Inert Ingredients in Pesticide Products (U.S. EPA, 1987, 1994) are noted. U.S. EPA
(1987) established four categories of inert ingredients of pesticide products. List 1 includes
inerts of toxicological concern; List 2 includes potentially toxic inerts with high priority for
testing; List 3 includes inerts of known toxicity; and List 4 includes inerts of minimal concern.
In 1994, U.S. EPA (1994) further subdivided List 4 into List 4A, which contains all chemicals
on the 1987 List 4, and List 4B, which includes inerts for which EPA has concluded that there
is "sufficient information to conclude that current use patterns in pesticide products will not
adversely affect public health and the environment.” The empirical bases for the above
conclusions were not available for this assessment and presumably include toxicology and
ecotoxicology assays (Levine, 1996).
2.1. AGRI-DEX
According to the Material Safety Data Sheet (MSDS), Agri-Dex is a blend of polyoxyethylated
polyol fatty acid ester, polyol fatty acid ester, and paraffin base petroleum oil (Setre Chemical
Co.). The surfactant activity of the formulation is provided by the polyoxyethylated polyol
fatty acid ester and polyol fatty acid ester. The name polyoxyethylated polyol fatty acid ester
refers to a group of chemicals that consist of unspecified fatty acid esters of unspecified
polyoxyethylated alcohols. Similarly, the name polyol fatty acid ester refers to unspecified
fatty acid esters of unspecified alcohols. A more specific identification of these surfactants
was not available.
The paraffin base petroleum oil assigned the CAS numbers in Table 1 is described in the
Registry File of Chemical Abstracts (STN, International 1997) as a solvent refined paraffinic
distillate containing a mixture of hydrocarbons having carbon numbers predominantly in the
range C20-C50 (heavy paraffinic, 64741-88-4) or C15-C30 (light paraffinic, 64741-89-5).
The paraffinic oil mixtures are not on the U.S. EPA lists of Inert Ingredients of Pesticides,
although other paraffinic oils are on the list. For example, light (C15-C30) and heavy (C20C50) paraffinic oils produced by vacuum distillation of the residue from atmospheric
distillation of crude oil (CAS Nos. 64741-50-0 and 64741-51-1) are on List 2. The reason
why certain paraffinic oils are on the U.S. EPA inerts list and others are not is not apparent.
2.2. LI-700
According to the manufacturer data sheet, LI 700 is a mixture of phosphatidylcholine,
propionic acid, and alkylpolyoxyethylene ether (Loveland Industries, Inc.). These ingredients
comprise 80% of the formulation; the remaining 20% is identified as "constituents ineffective
as adjuvant." The MSDS for LI 700 lists only phosphatidylcholine and propionic acid as
constituents and lists only propionic acid as a hazardous component of the mixture. The
surfactant activity of the formulation is provided by phosphatidylcholine and
alkylpolyoxyethylene ether.
4

Table 2-1. EPA inerts list classification for constituents of selected surfactantsa
Surfactant
Product
Agri-Dex

LI 700

R-11

Latron AG-98

Latron AG98 AG

Chemical Constituentsb

CAS No.

EPA Inerts
Classification

Polyol fatty acid estersc

NA

--

Polyoxyethyl polyol fatty acid estersc

NA

--

Paraffin base petroleum oil

64741-88-4
64741-89-5

NL
NL

Phosphatidylcholine

8002-43-5d

4A

Propionic acid

74-09-4

4B

Alkylpolyoxyethylene etherc

NA

--

Octylphenoxypolyethoxyethanol

9036-19-5e

4B

n-Butanol

71-36-3

4B

Compounded siliconec

NA

--

Nonylphenoxypolyethoxyethanol

68412-54-4

3

n-Butanol

71-63-3

4B

Silicone antifoam compoundc

NA

--

Octylphenoxypolyethoxyethanol

9036-19-5

4B

Isopropanol

67-63-0

4B

Polydimethylsiloxane

63148-62-9

4B

a

U.S.EPA lists of Inert Ingredients in Pesticides (U.S. EPA, 1994): List 1 = Toxicological concern; List 2 =
Potentially toxic with high priority for testing; List 3 = Unknown toxicity; List 4 = minimal concern
(further subdivided into List 4A = classified in U.S. EPA, 1987 as List 4 and List 4B = sufficient
information to conclude that current use patterns in pesticide products will not adversely affect public health
and the environment.
b

Sources: Technical data sheets, material safety data sheets for surfactant products.

c

Not sufficiently described to identify the specific consituent(s).

d

lecithins

e

polyoxyethylene (1,1,3,3-tetramethylbutyl)phenyl ether

NA = Not available; NL= not listed.

The name phosphatidylcholine refers to a group of chemicals that consist of unspecified fatty
acid diglycerides linked to the choline ester of phosphoric acid. This group includes the
5

naturally occurring lecithins which are prominent phospholipids in biological cell membranes
(Edidin and Sessions, 1983). The U.S. EPA lists lecithins (CAS No. 8002-43-5) and soya
lecithins (CAS No. 8030-76-0) on List 4A of Inert Ingredients of Pesticides. Soya lecithins are
used as emulsifiers in a variety of food products. The exact identity of the phosphatidylcholine
in LI 700 could not be determined from the manufacturer data sheet or the MSDS.
The name alkylpolyoxyethylene ether refers to a chemical group of unspecified alkyl ethers of
polyoxyethylene. A more specific identification of these surfactants was not available.
Propionic acid, a third constituent of LI 700, is on List 4B of the U.S. EPA List of Inert
Ingredients of Pesticides.
2.3. R-11
According to the manufacturer data sheets, R-11 is a mixture of
octylphenoxypolyethoxyethanol, n-butanol and compounded silicone (Wilbur-Ellis Co.).
These ingredients comprise 90% of the formulation; the remaining 10% is identified as
"constituents ineffective as spray adjuvant." The MSDS for R-11 lists the hazardous
ingredients as 20% butyl alcohol and 80% nonionic surfactants. The surfactant activity of the
formulation is provided by octylphenoxypolyethoxyethanol.
The name octylphenoxypolyethoxyethanol refers to a group of chemicals that consist of an 8carbon alkylphenol linked to an ethoxyethanol polymer of unspecified length. A search of the
Registry File of Chemical Abstracts (STN, International 1997) for the name
octylphenoxypolyethoxyethanol found polyoxyethylene (1,1,3,3-tetramethylbutyl)phenyl ether,
CAS No. 9036-19-5. This chemical is on List 4B of the U.S. EPA List of Inert Ingredients of
Pesticides. It is possible that R-11 contains octylphenoxypolyethoxyethanols other than
polyoxyethylene (1,1,3,3-tetramethylbutyl)phenyl ether.
n-Butanol is on List 4B of the U.S. EPA List of Inert Ingredients of Pesticides.
A more specific identification of the compounded silicone constituent of R-11 is not available.
It may be the same (or similar) antifoam compound as that in Latron AG-98 AG,
polydimethylsiloxane, which is on List 4B of the U.S. EPA List of Inert Ingredients of
Pesticides.
2.4. LATRON AG-98
According to the manufacturer data sheets, Latron AG-98 is a mixture of
nonylphenoxypolyethoxyethanol, n-butanol and a silicon antifoam compound (Rohm and Haas
Co.). Nonylphenoxypolyethoxyethanol and n-butanol make up 90% of the formulation with
10% being "constituents ineffective as spray adjuvants," which presumably includes the silicon
antifoam compound. The surfactant activity is provided by nonylphenoxypolyethoxyethanol.

6

The name nonylphenoxypolyethoxyethanol refers to a group of chemicals that consist of a 9carbon alkylphenol linked to an ethoxyethanol polymer of unspecified length.
Nonylphenoxypolyethoxyethanol is on List 3 of the U.S. EPA List of Inert Ingredients of
Pesticides. n-Butanol is on List 4B of the U.S. EPA List of Inert Ingredients of Pesticides.
The antifoam compound could not be identified from the manufacturers’ literature or MSDS.
It may be polydimethylsiloxane which is a component of a similar formulation, Latron AG-98
AG (Rohm and Haas, Co.) and which is on List 4B.
2.5. LATRON AG-98 AG
According to the manufacturer data sheets, Latron AG-98 AG is a mixture of
octylphenoxypolyethoxyethanol, isopropanol and polydimethylsiloxane (Rohm and Haas Co.).
Surfactant activity of the mixture is provided by octylphenoxypolyethoxyethanol. As
previously noted for R-11, the octylphenoxypolyethoxyethanol, polyoxyethylene
(1,1,3,3-tetramethylbutyl)phenyl ether (CAS No. 9036-19-5), is on List 4B of the U.S. EPA
List of Inert Ingredients of Pesticides. However, it is not clear from available information if
the surfactant in Latron AG-98 is the same octylphenoxypolyethoxyethanol mixture as in R-11.
Surfactants in the two formulations could have different structural features that might affect
their toxicity and/or their effect on glyphosate toxicity. For example, there could be
differences in the degree of branching of the hydrophobic alklyphenylether portion of the
surfactant(s) or length of the hydrophyllic polyoxyethylene chain.
Isopropanol and polydimethylsiloxane(s) are on List 4B.

7

3. INFORMATION ON EFFECTS OF SURFACTANT FORMULATIONS
ON THE TOXICITY OF RODEO
3.1. HUMAN HEALTH
A search of the scientific literature (AGRICOLA, TSCATS, EMIC, EMICBACK and
TOXLINE) was conducted to find studies on the toxicology of the surfactant formulations
described in Chapter 2. No studies were found.
The only available toxicity studies of any of the formulations are acute lethality studies and a
dermal irritation study of LI 700; these are described in attachments to a letter from Rudy
Lapurga of the California EPA to John Borrecco of USDA (Lapurga 1996) (described below).
As noted in Chapter 1 (Introduction), the lack of toxicology studies regarding the formulations
themselves makes it difficult to predict what effects, if any, the formulations may have on the
toxicity of Rodeo. The toxicologies of some of the surfactants in the various formulations
have been studied; however, these studies alone do not provide a basis for predicting either the
toxicity of the formulations or their effects on the toxicity of Rodeo.
Searches were conducted to find toxicological studies of the surfactants in the various
surfactant formulations to determine if a basis might exist for attempting a component-based
risk assessment of the formulations. No attempt was made to review the individual studies for
quality or applicability to quantitative risk assessment. Nevertheless, the results of the search
give some idea of the type of data that are available on the toxicology of the surfactants.
Based on this cursory survey, combined with uncertainty about the exact chemical structures of
the surfactants in the formulations, there does not appear to be adequate data to develop
quantitative risk assessments of the surfactants. It should be kept in mind that this survey of
the literature did not include direct queries to the manufacturers; it is possible that more
adequate data exist that are not publicly available. The results of the search are summarized
below (searches of the surfactants in Agri-Dex were not attempted because the identity of the
surfactant compounds in the formulation could not be determined).
3.1.1. LI 700. Acute lethality studies and a dermal irritation study of LI 700 are described
in attachments to a letter from Rudy Lapurga of the California EPA to John Borrecco of
USDA (Lapurga 1996). The single-dose oral LD50 (observation period not specified) was
reported as >5.0 and 5.9 g/kg in male and female rats, respectively. Animals that died had
congested kidneys and gastrointestinal irritation. The dermal LD50 for a 24-hour exposure was
reported as >5.0 g/kg in rabbits. Animals that died had discoloration of the lungs and pleural
cavity, discoloration of the liver, congestion of the kidneys, and bloody urine. Eye and
dermal irritation assays in the rabbit showed that LI 700 produced eye irritation when
introduced into the eyes and dermal irritation when applied to the skin.
3.1.2. Phosphatidylcholine. Phosphatidylcholine is a surfactant component of LI 700. The
human nutritional and clinical experience with the phosphatidylcholine, lecithin, is quite
extensive. In 1974, the World Health Organization (WHO, 1974) reported that the average
8

diet provides 1-5 g lecithin/day and concluded that the acceptable daily intake was "not
limited" based on nutritional experience with humans. (Note, there appears to be some
confusion in the literature regarding the terminology applied to phosphatidylcholine and
lecithin and this needs to be considered in any cursory review of literature. In some cases, the
terms phosphatidylcholine and lecithin are used interchangeably to refer to a specific class of
phospholipids associated with cell membranes. The term lecithin also is applied to commercial
formulations of lecithins that contain phosphatidylcholine and other lipid phosphatides.) The
Life Sciences Research Office of the Federation of the American Societies for Experimental
Biology, at the request of the Food and Drug Administration, conducted a review of the status
of lecithin, phosphatidylcholine and choline therapy as dietary supplements (Wood et al.,
1981). In a summary report of this review, Wood and Allision (1982) reported that the
clinical case literature includes cases in which oral dosages of 20-40 g/day phosphatidylcholine
(in commercial lecithin formulations) was "tolerated" without adverse "side effects.”
Liposomes (micelles) composed of phosphatidylcholine were explored as inhalant vehicles for
delivering drugs into the respiratory tract; acute inhalation toxicology studies relevant to this
use are available in the literature (e.g., Thomas et al., 1991).
3.1.3. Alkylpolyoxyethylene ether. Berberian et al. (1965) studied the acute toxicity of a
polyoxyethyene dodecyl ether, Laureth 9, a spermicidal agent intended for use in contraceptive
foams. The acute 24-hour LD50 in mice was 3300 mg/kg and the 7-day LD50 was 3050 mg/kg.
The LD50 for a 5-day oral exposure was 1190 mg/kg/day. Daily dosages of 390 mg/kg/day
for 22 days resulted in depressed growth rates in mice and a dosage of 780 mg/kg/day resulted
in 20% mortality. Grubb et al. (1960) reported 7-day LD50 values for a polyoxyethyene
dodecyl ether of 1170 mg/kg in mice and 4150 mg/kg in rats.
Ernst and Arditti (1980) examined the structure-activity relationships for the cytotoxicity of
nonionic alkylpolyethoxyethanol surfactants in isolated human skin fibroblast cell cultures
(HeLa cells). Cytotoxic potency decreased with increasing polyoxyethyl chain length
(increasing hydrophobicity) when the alkyl chain length remained constant. When the
polyoxyethyl chain length was held constant, cytotoxicity increased with increasing alkyl chain
length (increased hydrophobicity). This study and other structure-activity studies (Coret and
Chamel 1993, 1994, Knoche et al. 1992) suggest that biological activity of nonionic
surfactants will vary with size of the hydrophobic and hydrophillic domains of the surfactants.
3.1.4. Octylphenoxypolyethoxyethanol. Octylphenoxypolyethoxyethanol is a surfactant in
AN R-11 and Latron AG-98 AG. Octylphenoxypolyethoxyethanol also is the sole component
of the surfactant formulations, Triton X-100, Triton X-102, and Triton X-15 (Union Carbide
Chemical and Plastics Company, Inc.). Toxicology studies of various Triton X formulations
have been reported in submissions to the U.S. EPA under Section 8E of the Toxic Substances
Control Act and were located by searching the TSCATS database (Union Carbide,
1992a,b,c,d). These studies suggest that octylphenoxypolyethoxyethanol is a skin irritant and
eye irritant in rabbits. The LD50 for a single oral dose in the rats was approximately 1-5 g/kg.
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The LD50 for a single percutaneous dose in rabbits was approximately 12 g/kg.
Administration of percutaneous octylphenoxypolyethoxyethanol (Triton X-100) to pregnant
rats on days 6-15 of gestation (0.4 - 4 g/day) resulted in skeletal abnormalities in pups (extra
ribs and enhanced ossification). The same types of skeletal effects were observed in pups
when rats were exposed to Triton X-100 in the diet (0.06% or 0.3%) on days 6-17 of
gestation.
Thompson and Gibson (1984) reported a single-dose oral 14-day LD50 for Triton X-15
(octylphenoxypolyethoxyethanol) of 11.6 and 4.2 g/kg in male and female Sprague-Dawley
rats, respectively (the authors observed higher LD50 values in male rats for six other chemicals
tested but provided no explanation). Rats were administered a single oral dose of Triton X-15
at the estimated LD01, LD10, and LD30 level and killed 20 hours after dosing. Bone marrow
cells were collected for assessment of chromosomal abnormalities and suppression of mitosis
(mitotic index). No chromosomal abnormalities were observed in rats that received Triton X15. Male rats that received an LD10 or LD30 (10.2 or 11.0 g/kg) had significantly depressed
mitotic indices (p <= 0.05, approximately 50% reduction from controls). Female rats that
received a single LD10 or LD30 dose (3.0 or 3.7 g/kg) had no significant depression of mitotic
index.
Long et al. (1982) reported an in vitro study of transforming activity of Triton X-100
(octylphenoxypolyethoxyethanol) in mouse BALB/3T3 and 10T1/2 fibroblasts. Triton X-100
was inactive in both systems.
3.1.5. Nonylphenoxypolyethoxyethanol. Nonylphenoxypolyethoxyethanol is a surfactant
component of Latron AG-98. It also is the sole component of the surfactants Triton N-60,
IGEPAL C0-630 (also known as NP-9). Toxicology studies of these formulations have been
reported in submissions to the U.S. EPA under Section 8E of the Toxic Substances Control
Act and were located by searching the TSCATS database (Rhone-Poulenc, Inc. 1991, Rohm
and Haas Co. 1992). These studies suggest that nonylphenoxypolyethoxyethanol is a skin and
eye irritant in the rabbit.
A search of the published toxicological literature found an in vitro study of transforming
activity in mouse BALB/3T3 and 10T1/2 fibroblasts (Long et al. 1982). The
nonylphenoxypolyethoxyethanol mixture (NP-9, also known as IGEPAL-630) induced
transformations in both cell cultures.
Nonylphenoxypolyethoxyethanol has been used as a spermicide in vaginal contraceptive foams.
Toxicological studies of the effects of vaginal applications of nonylphenoxypolyethoxyethanol
on vaginal physiology have been reported (e.g., Levin 1987). Anticipated human exposure to
surfactants from pesticide applications is not analogous to the type of exposure that would
occur from use of the surfactant as a contraceptive foam (i.e., intravaginal).

10

Long et al. (1982) reported an in vitro study of transforming activity of NP-9 (also known as
IGEPAL-630) in mouse BALB/3T3 and 10T1/2 fibroblasts. NP-9 induced transformations in
both mouse cell transformation systems.
3.2. ECOLOGICAL EFFECTS
Aquatic toxicity studies of LI 700 were described in attachments to a letter from Rudy Lapurga
of the California EPA to John Borrecco of USDA (Lapurga 1996) (Table 3-1). The acute 96hour LC50 (nominal concentration, static exposure conditions) in juvenile Bluegill sunfish
(Lepomis macrochirus) was 210 mg/L, and 130 mg/L in juvenile Rainbow trout
(Oncorhynchus mykiss). The acute 48-hour LC50 in Daphnia magna was190 mg/L.
The same letter (Lapurga 1996) describes studies of the aquatic toxicity of R-11. The acute
96-hour LC50 (nominal concentration, static exposure conditions) in juvenile Bluegill sunfish
(Lepomis macrochirus) was 4.2 mg/L, and in juvenile Rainbow trout (Oncorhynchus mykiss),
3.8 mg/L. The acute 48-hour LC50 in Daphnia magna was 19 mg/L.
Acute toxicity data on LI 700, R-11 and Agri-Dex are summarized in a report entitled Use of
the Registered Aquatic Herbicide Fluridone (SONAR) and the Use of the Registered Aquatic
Herbicide Glyphosate (Rodeo and Accord) in the State of New York, prepared by
McLaren/Hart for DowElanco and Monsanto (McLaren/Hart 1995) (Table 3.2). Note that the
values for LI 700 and R-11 are nearly identical to those reported in Lapurga (1996), except
that the 48-hour LC50 for LI 700 in Daphnia magna is reported as 170 mg/L in McLaren/Hart
(1995) and 190 mg/L in Lapurga (1996). The similarities between the data in the two reports
are so striking that the possibility that they represent the exact same studies should be
considered.
The above studies indicate that the toxicity potency of R-11, as assessed by lethality in these
species, is considerably greater than LI 700 or Agri-Dex (10 to 50 times greater).
Considerable uncertainty would be attached to any extrapolations of these results to other
species or exposure durations.
A search of the scientific literature (AGRICOLA, TSCATS, EMIC, EMICBACK and
TOXLINE) was conducted to find studies on the ecotoxicology of the surfactant formulations
described in Chapter 2. The search found one study on the effect of Triton AG-98 (Latron
AG-98) on in vitro spore germination and germ tube growth of the fungus, Mucor mucedo, the
causative agent of a fungal rot in stored fruit (Reyes 1992). As noted for the survey of data
relevant to the assessment of human health effects, the lack of toxicology studies on the
formulations themselves makes it difficult to predict what effects, if any, the formulations may
have on the ecotoxicity of Rodeo. A search was conducted for studies concerning the toxicity
of individual surfactants in the formulations to determine whether there might be a basis for a
component-based assessment of the formulations. A study of toxicity in marine shrimp and a
study of toxicity in aphids were found as well as several studies on the phytotoxicity of various
surfactants. No studies were found regarding toxicity to aquatic or terrestrial vertebrates
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(other than those on rats and rabbits described in Section 3.1 on human health). Therefore,
data appear to be inadequate for a quantitative assessment of ecological effects of the
surfactants. Here again, this survey did not query the manufacturers for data that might not be
publicly available. The available studies are summarized below.
A study of the acute toxicity of IGEPAL CO-210 (GAF Corporation) to the opossum shrimp
(Mysidosis Bahia) was submitted to the U.S. EPA under Section 8D of the Toxic Substances
Control Act (Quantum Chemical Corp. 1992). Nonylphenoxypolyethoxyethanol is the sole
ingredient of IGEPAL CO-210. An acute (48-hour) LC50 of 0.26 mg/L was reported.
Table 3-1.

Lethality of surfactant formulations LI 700 and R-11 to aquatic speciesa
LC50 (mg/L)b

Genus species
LI 700

R-11

Lepomis macrochirus (Bluegill sunfish)

210

4.2

Oncorhynchus mykiss (Rainbow trout)

130

3.8

Daphnia magna

190

19

a

Source: Lapurga 1996

b

Nominal concentration under static conditions. 96-hour exposure of Lepomis macrochirus and
Oncorhynchus mykiss; 48-hour exposure of Daphnia magna.

Table 3-2.

Lethality of surfactant formulations LI 700, R-11 and Agri-Dex to aquatic
speciesa
LC50 (mg/L)b

Genus species
LI 700

R-11

Agri-Dex

Lepomis macrochirus (Bluegill sunfish)

210

4.2

>1000

Oncorhynchus mykiss (Rainbow trout)

130

3.8

>1000

Daphnia magna

170

19

>1000

a

Source: McLaren/Hart 1995

b

96-hour exposure of Lepomis macrochirus and Oncorhynchus
mykiss; 48-hour exposure of Daphnia magna.

Imai et al. (1994) compared the lethality of various surfactants in laboratory cultures of green
peach aphid, Myzus persicae. Lethality varied considerably among various preparations of
nonly- and octylphenoxypolyethoxyethanols, and alkylpolyoxyethyl ethers. Lethality was
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highly correlated with surface activity of the preparations; that is, lethality increased with
decreasing surface tension of the surfactant preparations.
Caux et al. (1993) examined membrane structure and composition of Lemna minro L. plants (a
macrophyte commonly used in aquatic toxicity studies) that were exposed to one of several
Triton X formulations, including Triton X-15 and X-100 in which the sole component is
octylphenoxypolyethoxyethanol. Exposures to Triton X-15 and Triton X-100 produced
changes in the phospholipid composition of membranes and increased fluidity of chloroplast
membranes. Exposures to radiolabeled Triton X-100 resulted in incorporation of surfactant
lipid into chloroplast membranes. This study indicates that surfactant lipids are incorporated
into biological membranes and can affect membrane composition and function.
Knoche et al. (1992) reported that the phytotoxicity of octylphenoxypolyethoxyethanols and
nonylphenoxypolyethoxyethanols varied with the oxyethyl chain length. Phytotoxicity was
highest in surfactants that had 9 to 10 oxyethyl groups, with phytotoxicity decreasing with
shorter or longer oxyethyl chain lengths. There are numerous studies regarding structureactivity relationships for the effects of polyethoxyethyl surfactants on the penetration of
herbicides into leaf cuticles (e.g., Corbet and Chamel 1992, 1994). The studies show that the
effect of the surfactant on herbicide penetration will vary with the oxyethyl chain length and
that the physical and chemical properties of the pesticide may affect the structure-activity
relationship (e.g., differences in water solubility). These studies have important implications
for the assessment of the effects of surfactant formulations on the toxicity of Rodeo because
they suggest that certain effects of the octylphenoxypolyethoxyethanols and
nonylphenoxypolyethoxyethanols may vary with the length of the oxyethylene moiety, which
may be different in the various formulations. This point underscores the importance of data on
the toxicity of the formulations and of information on the exact chemical structure of the
surfactant components of the formulations.
Knoche and Bukovac (1992) examined the effects of a variety of surfactant formulations,
including Triton AG-98 (Latron AG-98) on penetration of gibberellic acid into sour cherry
leaves (Prunus cerasus L. cv Montmorency). Triton AG-98 enhanced gibberellic acid
penetration.
Lewis and Hamm (1987) compared the potencies of various surfactants to depress
photosynthesis and growth of freshwater algae. For in situ depression of photosynthesis, the
3-hour EC50 values were 28.7 mg/L for octylphenoxypolyethoxyethanol and 2.1 mg/L for
alkylethoxyethanol. The mean 96-hour EC50 values for growth depression in laboratory
cultures of green algae (Selenastrum capricornutum), blue-green algae (Microcystis
aeruginosa) and diatoms (Naviculla pelliculosa) were 0.21 mg/L for
octylphenoxypolyethoxyethanol and 0.09 mg/L for alkylethoxyethanol.
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4. SURFACTANTS IN THE GLYPHOSATE FORMULATIONS
ROUNDUP AND ROUNDUP PRO
Roundup is an aqueous solution of the isopropylamine salt of glyphosate with a
polyethoxylated tallow amine surfactant. This material is referred to in the literature as MON
0139, with the MON presumably referring to Monsanto, or polyoxyethyleneamine (POEA)
(Smith and Oehme 1992). The surfactant in Roundup is present at 15% (Hoogheem 1987,
Sawada et al. 1988) or 150 g/L assuming that the 15% value refers to the level in terms of
weight per unit volume. Presumably, the Roundup surfactant is a derivative of tallow, a
complex mixture of fat from the fatty tissue of cattle or sheep. Tallow contains a variety of
fatty acids including oleic (37–43%), palmitic (24–32%), stearic (20–25%), myristic (3–6%),
and linoleic (2–3%) acids as well as small amounts of cholesterol, arachidonic, elaidic, and
vaccenic acids (Budavari 1989). An ethoxylated tallow amine (CAS No. 61791-26-2), is on
the U.S. EPA List 3 of Inert Ingredients of Pesticides (U.S. EPA 1987, 1994). The surfactant
used in Roundup contains 1,4-dioxane as an impurity. The upper limit of this compound in
Roundup is about 0.03% (Monsanto 1990). In a previous review, the U.S. Forest Service
determined that the amount of exposure to 1,4-dioxane is toxicologically insignificant
(Borrecco and Neisess 1991).
Roundup Pro is a recently introduced formulation of glyphosate that contains a phosphate ester
neutralized polyethoxylated tallow amine surfactant at a level of 14.5% (Monsanto 1995a,b,
1996) or 145 g/L. Other than the specification that the tallow amine surfactant in Roundup
Pro is a phosphate ester of POEA, there is no published information regarding the chemical
differences between the surfactant in Roundup and Roundup Pro.
4.1. HUMAN HEALTH
The potential role of the surfactant in the toxicity of Roundup was first emphasized by Sawada
et al. (1988) in their analysis of poisoning cases in humans. They indicate that the acute LD50
of POEA is "less than one-third that of roundup and its active ingredient" and reference this
statement to a chapter by Atkinson (1985) in The Herbicide Glyphosate (Grossbard and
Atkinson 1985). The Sawada reference has been quoted in turn by Martinez and Brown
(1991) as indicating that " . . . POEA by itself has a LD50 of 1-2 g/kg.” The original
experimental reference documenting these statements was not identified in the process of
preparing this risk assessment.
Atkinson (1985) does cite an LD50 of 4.3 g/kg for glyphosate [a rounding of the rat oral LD50
of 4320 mg/kg reported in U.S. EPA (1986) and earlier U.S. EPA reports] and indicates that
this is about the same as the acute oral LD50 in for isopropylamine salt in rats, 4.9 g/kg.
Atkinson (1985), however, does not give an acute oral LD50 for POEA or any other surfactant.
An acute oral LD50 for POEA of 1200 mg/kg was reported in the previous EIS (USDA 1989b,
p. 3-49, Coastal Plain/Piedmont Appendices). This value has been verified by Monsanto Co.
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and is consistent with the acute toxic potency of other surfactants: in general, acute LD50
values for surfactants range from several hundred to several thousand mg/kg (Kosswig 1994,
Grayson and Eckroth 1983).
The acute oral toxicity of Roundup (glyphosate and surfactant, LD50 in rats of 5400 mg/kg) is
almost the same as that of glyphosate (LD50 in rats of 5600 mg/kg) (Monsanto Co. 1982a,b,
1983a). Based on these LD50 values, the LD50 of the surfactant can be estimated under the
assumption of dose addition (Finney 1971). This assumption requires that the components in
the mixture have the same mode of action. This assumption is not certain, but it is consistent
with the observation by Talbot et al. (1991) that both glyphosate and POEA may exert some of
their acute toxicity via irritation of biological membranes. The assumption of dose addition is
also not interactive—that is, it assumes that the components in the mixture do not influence the
toxicity of one another. This assumption is conservative, compared with other non-interactive
models of joint action (Mumtaz et al. 1994).
For some uniform measure of toxicity (.) (e.g., LD50), the toxicity of any mixture (.M) is
predicted, under the assumption of dose addition, by:
(4-1)
where .1 is the effective exposure (e.g., LD50 or LD95 values) for one compound, B1 and B2
are the proportions of each compound in the mixture, and D is the potency defined as .1÷.2.
Furthermore, given the toxicity of a defined mixture (.M) and one of the components (.1), the
potency of the second component can be calculated as:
(4-2)
Here, the term defined mixture indicates that B1 and B2 are known. From this relationship, the
effective exposure (i.e., toxic potency) of the second component (.2) can be estimated as:
(4-3)
Using the nominal LD50 for Roundup of 5400 mg/kg, a B1 of 0.356 for glyphosate (356 g/L),
and B2 of 0.15 for POEA (150 g/L), the estimated LD50 for POEA would be almost exactly
1200 mg/kg, consistent with dose additivity. This approach, however, would be a
misapplication of the above equations.
To estimate the toxicity of POEA from the Roundup (glyphosate+POEA) LD50, this LD50
must be converted from units of glyphosate to total mixture mass (glyphosate+POEA). In
other words, an LD50 of 5400 mg glyphosate/kg bw is equivalent to a combined mass
15

(glyphosate and POEA) of about 7560 mg [1.4@5,400 mg], since the ratio of POEA to
glyphosate is approximately 0.4 [150 g/L ÷ 356 g/L]. Similarly, the correct B1 for
glyphosate is about 0.7 [356 ÷ (150+356)] and the correct B2 for POEA is about 0.3 [150 ÷
(150+356)]. Using this approach, the potency of POEA relative to glyphosate is about 0.14
and the estimated oral LD50 in rats is for POEA is about 40,000 mg/kg [5,600 mg/kg ÷ 0.14].
This estimate is consistent with the published results of Martinez, summarized in the following
paragraph, in which no mortality was noted in rats after oral doses of up to 14,286 mg/kg
POEA.
Martinez and coworkers (Martinez and Brown 1991; Martinez et al. 1990) conducted a series
of experiments specifically designed to assess the role of the surfactant in the acute toxicity of
Roundup. In these studies, compounds were administered to groups of five rats either by
gavage (direct instillation into the stomach) or direct installation into the trachea. Oral
exposure to Roundup at doses of 1, 3, and 5 mL/animal caused 0%, 40%, and 100%
mortality, respectively, over a 24-hour observation period. Taking an average body weight of
350 g/rat reported by Martinez and Brown (1991), the mid-dose level corresponds to
approximately 3050 mg/kg [3 mL @ 356 mg a.e./mL ÷ 0.350 kg], only somewhat less than
and consistent with the reported LD50 for Roundup of 5400 mg/kg (Monsanto Co. 1982a,b).
POEA, administered by gavage, caused no deaths at doses of 1, 3, and 5 mL/animal. Since
ethoxylated surfactants generally have a density of about 1 g/mL (Kosswig 1994, p. 789), the
doses of POEA correspond to approximately 2857, 8571, and 14,286 mg/kg. The low acute
oral toxicity of POEA is consistent with the similarity between the acute oral toxicity of
glyphosate and Roundup, discussed above.
In the earlier study by Martinez et al. (1990), an oral dose with Roundup RTU or Roundup
concentrate caused delayed (6 hours) pulmonary edema, consistent with clinical observations in
humans, as summarized above. The authors concluded that " . . . delayed pulmonary edema
combined with blood stained weeping from the nose, diarrhea, distended GI tract, and ascites
is in excellent agreement with . . . The clinical picture of . . . hypovolemic shock,” as
described by Sawada et al. (1988). In the individuals involved in the Taiwan studies of
glyphosate poisoning, however, hematocrit, blood urea nitrogen, and central venous pressure
determinations were not consistent with hypovolemia.
Intratracheal instillations in rats resulted in much more toxic effects at much lower dose levels.
Roundup at doses of 0.1, 0.2, and 0.4 mg/animal caused 80% mortality at the low dose and
100% mortality at the two higher doses as well as an increase in lung weights. POEA, at the
same dose levels, caused 20%, 70%, and 100% mortality as well as increases in lung weights,
although the increases were less than those observed with Roundup (Martinez and Brown
1991, Table 1, p. 44). Pathological examinations indicated that both Roundup, and to a lesser
extent POEA, cause hemorrhaging and congestion of the lungs after intratracheal instillations.
Martinez and Brown (1991) conclude that POEA potentiates the pulmonary toxicity of
glyphosate. Since, however, these investigators did not test glyphosate alone, the basis for
their conclusion is not clear.
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Based on drinking water studies of both glyphosate and Roundup (i.e., glyphosate with
POEA), the surfactant does not affect the rapid elimination rate of glyphosate (NTP 1992).
Pertinent data regarding the subchronic or chronic toxicity of POEA were not located in the
published literature. In a letter to the Forest Service concerning a review of the previous EIS,
Monsanto provides single page summaries of two studies conducted by Bionetics on what is
characterized as the Roundup surfactant (Long 1987, letter to Larry Gross dated March 12,
1987). In the first study, dietary concentrations of 0, 1250, 2500, or 5000 ppm (0, 1.6, 3.8,
or 6.5 mg/kg/day) were fed to Sprague-Dawley rats for 13 weeks. The study is identified as
LBI Project No. 2290. The results of the study are summarized as follows:
No toxic signs were observed except for slow acclimation to the highest dosage
in the first three weeks. Clinical laboratory tests failed to reveal important
differences between controls and test animals. Microscopic examination of
organs collected at necropsy revealed only histiocytic infiltrations of the lamina
propria of the small intestines and sinusoids of mesenteric lymph nodes at all
dosage levels.
In the second study, the surfactant was fed to dogs via gelatin capsules at doses of 0, 10, 20,
and 30 mg/kg, 3 times/day, over the final 10 weeks of a 14-week study. Dosing during the
first 4 weeks, if any, is not specified, and the LBI project number is not specified. The
summary states:
The material showed no effect with regard to survival, general appearance,
behavior, neurologic, electrocardiographic or histopathological parameters.
Changes observed during the study included decreased food consumption,
depressed growth rate, reduced serum calcium and total protein, increased
relative and absolute renal and cardiac weights, and increased relative adrenal
weights. None of the observed changes would preclude the use of Roundup
surfactant as an adjuvant in a herbicide formulation.
No further information is provided. Superficially, these studies increase rather than lessen
concern about the presence of the surfactant.
Very little information is available regarding the surfactant in Roundup Pro. The surfactant in
Roundup Pro is described as a phosphate ester neutralized polyethoxylated tallow amine
(Monsanto 1996). Like the polyethoxylated tallow amine in Roundup, this surfactant is
produced, presumably, by the ethoxylation of tallow amine with ethylene glycol. Since tallow
is a complex and variable mixture of fatty acids and other minor components and since the
nature and extent of ethoxylation can vary according to the conditions during synthesis, the
significance of the difference between the surfactants used in Roundup and Roundup Pro is not
apparent from the available chemical descriptions of these two surfactants. There is relatively
little data regarding the toxicity of Roundup Pro.
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4.2. ECOLOGICAL EFFECTS
A major qualitative difference between the effect of glyphosate and glyphosate formulations on
aquatic and terrestrial organisms concerns a polyethoxylated tallow amine surfactant (POEA)
used in Roundup. For aquatic organisms, the surfactant is much more toxic than glyphosate.
Unlike glyphosate, POEA is more toxic in alkaline water than in acid water. Thus, the
relative potency of POEA with respect to glyphosate is pH dependent. There is relatively little
information regarding Roundup Pro, a formulation of glyphosate that contains a phosphate
ester neutralized polyethoxylated tallow amine surfactant. Nonetheless, the available data
suggest that this formulation is quite similar to Roundup.
There is an extensive amount of literature on glyphosate specifically (Boerboom and Wyse
1988, Clay and Lawrie 1988, Cranmer and Linscott 1991, Sherrick et al. 1986, Turner 1985)
and many other compounds (Green et al. 1992, Prasad 1989) indicating that the addition of
surfactants can greatly enhance the phytotoxicity of herbicides.
Two aquatic toxicity studies (Folmar et al. 1979, Wan et al. 1989) have been conducted on
glyphosate, POEA, and Roundup which permit a quantitative assessment of the relative
toxicities of glyphosate and POEA as well as the effects of combined exposures to these
agents. Both of these studies indicate that POEA is substantially more toxic than glyphosate.
Folmar et al. (1979) conducted bioassays on four species of fish and one invertebrate (midge
larvae). The LC50 values for glyphosate, POEA, and Roundup are presented in Table 4-1.
Also shown in Table 4-1 is the relative potency (D) of POEA with respect to glyphosate,
estimated as the LC50 of glyphosate divided by the corresponding LC50 for POEA. For
example, for rainbow trout at pH 6.5, the LC50 for POEA is 7.4 mg/L and the corresponding
LC50 for glyphosate is 140 mg/L. Thus, the relative potency of POEA with respect to
glyphosate is about 19 [140 ÷ 7.4 = 18.92].
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Table 4-1. Estimates of relative potency and toxicological interaction
of glyphosate and POEAa
Observed LC50 values
Species/Assay/St
udy

Rainbow trout
Bluegills
Midge larvae, 48
hr.
Rainbow trout
Fathead minnow
Channel catfish
Bluegills
Rainbow trout
Bluegills

Glyphosa
te

Roundup
b

POEA

D

Predict
ed LC50

Pred.÷
Obs.

pH 6.5
140
7.4
10.8
19
140
1.3
6.0
108
pH 7.2, 96 hr unless specified
55
13
25
4.2

22
3.1

2.0
0.5

28

1.1

140
97
130
140

70
97
10
47

6.5
3.2
35
9.5

0.6
1.0
1.9
1.3

369
220

2.1
3.3

1.1
1.3

240
220

2
11.8
1.0
3.2
13
18
3.0
7.1
pH 9.5
0.65
2.0
1.0
2.6

a

Data from Folmar et al. (1979).

b

Value reported by Folmar as mg a.i multiplied 1.42 to account for added
mass of surfactant.

D = LC50 of glyphosate ÷ LC50 of POEA.

In mixtures, the concept of relative potency provides an explicit tool for identifying the
most significant toxic agent(s) in a mixture as well as for assessing potential interactions
among agents in a mixture (Durkin 1981, Mumtaz et al. 1994). For example, for a mixture of
two agents with the same potency present in a mixture in proportions of B1 and B2, the
fractional contribution of each agent to the toxicity of the mixture is simply the proportion (B1
or B2) of the agent in the mixture. When the potencies differ, both agents contribute equally
to the toxicity of the mixture when B1 is equal to DB2. As above, D is defined here as the
LC50 of component 1 divided by the LC50 of component 2.
In Roundup, glyphosate is present at 356 g/L and POEA is present at 150 g/L. The proportion
of glyphosate in Roundup (BG), ignoring the only other constituent, which is water, is about
0.7 [356÷(356+150)]. Similarly, the proportion of POEA (BS for proportion of surfactant)
in the mixture is about 0.3 [150÷ (356+150)]. Both constituents would contribute equally to
the mixture if the relative potency of POEA was about 2.3 [0.7÷0.3]. The relative potency of
POEA with respect to glyphosate is much greater than 2.3, at least for fish species (Table 4-1).
Thus, POEA is the more significant toxic agent in the mixture.
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The magnitude of the difference can be expressed in various ways, the simplest of which is the
ratio of the concentrations or equivalently the ratios of the proportions adjusted for the
difference in potency:
(4-4)
For example, if the relative potency is 70, as it is in Table 4-1 for rainbow trout at pH 7.2,
POEA may be said to contribute 30 times [70 @ 0.3 ÷ 0.7] more than glyphosate to the
toxicity of the mixture.
This method of describing relative toxic contribution is based on the assumption that the
components in the mixture do not affect one another (i.e., there are no toxicological
interactions). For terrestrial plants, such interactions have been clearly documented. One
method for assessing whether or not similar interactions are plausible in aquatic species is to
compare the observed LC50 values for Roundup with the LC50 values that would be predicted
by one model of non-interactive joint action, simple similar action (Finney 1971, Durkin
1981). Using this assumption, the expected LC50 can be calculated as:
(4-4)
where B and D are as defined above.
The predicted LC50 values for Roundup based on this assumption are presented in the second to
the last column of Table 4-1, and the ratio of the predicted to observed LC50 values are given
in the last column. Ratios >1 suggest some form of greater than additive toxicity, and,
conversely, ratios <1 indicate less than additive toxicity. Note also that the observed LC50
values for Roundup are presented as the total concentration of glyphosate and POEA. In other
words, the LC50 values for Roundup reported in Folmar et al. (1979) are multiplied by 1.42
((352+150)÷352) and give the LC50 values in units of weight of both glyphosate and POEA.
These units are required for the above equation 4-2.
As indicated in Table 4-1, there is a tendency for the toxicity of glyphosate to decrease (i.e.,
the LC50 values increase—as the pH increases), although the changes are not substantial. The
effect of pH on POEA is also not substantial but the effect seems to be the opposite of the
effect that pH has on glyphosate. In all of the bioassays, the surfactant is more toxic than
glyphosate. Because of the effect of pH on toxicity, the relative potency of POEA increases as
pH increases. At all pH levels, the ratio of predicted to observed LC50 values for Roundup
does not deviate remarkably or systematically from unity, suggesting that no substantial
interactions take place between these two compounds.
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Table 4-2. Estimates of relative potency and toxicological
interaction of glyphosate and POEA in five species of salmonidsa
Observed 96-hour LC50 Values
Species/Assay/
Study

Glyphosa
te

POEA

Roundup
a

Soft Water

D

Predict
ed LC50

Pred.÷
Obs.

pH 6.3

Coho

27

4.6

32

5.9

10.9

0.34

Chum

10

2.7

20

3.7

5.5

0.28

Chinook

19

2.8

33

6.8

6.9

0.21

Pink

14

4.5

33

3.1

8.5

0.26

Rainbow

10

2

33

5

4.5

0.13

Soft Water

pH 7.2

Coho

36

3.2

27

11.3

8.8

0.33

Chum

22

4.2

19

5.2

9.7

0.51

Chinook

30

2.8

27

10.7

7.5

0.28

Pink

23

2.8

31

8.2

7.2

0.23

Rainbow

22

2.5

15

8.8

6.6

0.44

Hard Water

pH 8.2

Coho

210

1.8

13

117

5.9

0.45

Chum

202

1.4

11

144

4.6

0.41

Chinook

220

1.7

17

129

5.6

0.32

Pink

380

1.4

14

261

4.6

0.33

Rainbow

220

1.7

14

129

5.6

0.40

a

Data from Wan et al. (1989)

b

As reported by Wan et al. (1989) in units of mg product/L.

A similar analysis of the results presented by Wan et al. (1989) is summarized in Table 4-2.
In general, this study agrees well with the earlier study by Folmar et al. (1979). In all cases,
the surfactant is substantially more toxic than glyphosate. The effect of pH is more consistent
and more substantial: the toxicity of glyphosate decreases and the toxicity of the surfactant
increases with increasing pH. Consequently, the relative potency of the surfactant to
glyphosate also increases with increasing pH. The LC50 values reported in Wan et al. (1989)
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for Roundup are expressed as "mg product/L." In calculating the expected LC50 values for
Roundup in Table 4-2, it is assumed that these LC50 values include the concentrations of both
glyphosate and the surfactant. As indicated in the last column of this table, the ratio of the
predicted to observed LC50 values for Roundup are consistently <1, indicating a less than
additive interaction.
Comparable data allowing for an assessment of the joint action of glyphosate with the
surfactant used in Roundup Pro are not available. The surfactant used in Roundup Pro is a
phosphate ester neutralized polyethoxylated tallow amine (Monsanto 1996) that is probably
similar to the polyethoxylated tallow amine used in Roundup. Consequently, it is reasonable to
assume that the surfactant in Roundup Pro will enhance the toxicity of glyphosate to aquatic
species. It is not clear, however, that this enhancement will be pH dependent.
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