
A Taalca laaical-Review of the Aquatic Herbicides
Aquamaster® and Rodeo®1

By Susan Monheit, CDFA-IPC

Increasing public awareness of the a :r ; o^c ial effects of pesticide use has been
growing over the past several decades. Environmentalists are now raising red flags when
pesticides are used, and are demanding proactive assessments of the potential impacts of
pest management activities. What has not been widely recognized is the magnitude of
difference between the highly publicized persistent toxicity of many insecticides and the
relative non-toxicity of glyphosate based herbicides, such as Aquamaster® and Rodeo°.

This paper reviews current risk assessments, bioassay toxicity tests, and other studies
performed on Aquamaster°-and Rodeo® herbicides, to establish confidence in the use of
these herbicides as sound and environmentally protective techniques for the management
of invasive aquatic plant species. Toxicity assessments of glyphosate, the active
ingredient in Aquamaster® and Rodeo® brand herbicdes, its major metabolite - amino
methyl-phosphoric acid (AMPA), and potential supplemental surfactants (R-11 or
lat>€) I1a13 a?1 tlaoN lal __(NPE), poly thoNp lal d a k 111mine__(POEA), LI 700) are
reviewed separately[5 p is eh '), 'hc.iL_'j_ to gain insight into potential toxicity of these
components, and guide surfactant selection. [ h-c than oe -cutdy N. , r _cr
1 _^ttad €hc__olaly surf cta€lt_mon[€oned.. P L.' .

Introduction

One hundred thirty-six invasive plant species are listed as noxious weeds by the State of
California. These weed species are categorized according to a statewide assessment of
the importance of the pest, the likelihood that eradication or control efforts would be
successful, and the present distribution of the pest within the state. The California
Department of Food and Agriculture (CDFA) uses herbicides as a part of its integrated
weed management programs for control and eradication of noxious weeds. Among the
136 plant species designated as noxious weeds for the state of California, (check #) weed
species are emergent vegetation, or establish around aquatic habitats. These fast growing
species impair waterways and compromise wetland habitats. However, because their
leaves are above water, they are prime subjects for foliar applied herbicide control.

Purple loosestrife (Lythrum salicaria) is an invasive wetland perennial that is capable of
developing monospecific stands along water edges, which choke out native vegetation
and restrict wildlife access to water. There is currently a purple loosestrife alert in
California as CDFA and other resource agencies try to eradicate this weed and prevent its
spread into central and southern parts of the state. Herbicide application is the most
effective and widely used management technique in the control of this noxious weed.

' Aquamaster and Rodeo are trademarks of Monsanto Company and DowAgrosciences,
respectively.
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To minimize potential toxicity to non-target aquatic organisms, a careful selection of
herbicide is required. Glyphosate-based herbicides like Aquamaster® (Monsanto
Company, St. Louis MO) and Rodeo® (DowAgrosciences, Indianapolis, IN) are excellent
choices because the active ingredient, while soluble in water, tends to bind tightly to
sediment, suspended particulates, organic matter and soil, becoming essentially
unavailable to plants or other aquatic organisms. Glyphosate does not bioaccuinulate, in
terrestrial or aquatic animals (Giesy et al. 2000). Herbicidal effects are therefore limited
to foliar contact. Glyphosate rapidly dissipates from surface waters and soil microflora

. ( laic l - b.iedegrade^ glyphosate into ANIPA and CO2 (Gardner & Grue 1996).
AMPA. nmaatcar l gat, a:lietiboll4e J.r 1c^e.d to as i __€ a ,tai}c:iiic em-iicrt -also
undergoes fi#Nd-degradation to CO2 in soil and water (Rueppel et al 1977).

How Aquamaster® and Rodeo' herbicides work

Aquamaster® or Rodeo® herbicide is applied by direct spray to foliage. Glyphosate is
assimilated by leaves and other green plant tissue and is rapidly translocated within the
phloem throughout the plant. Glyphosate acts by preventing the plant from producing the
essential amino acids tryptophan, tyrosine, and phenylalanine. This reduces the
production of protein within the plant, and inhibits plant growth (Herbicide Handbook,
1994; Glyphosate Pesticide Fact Sheet, USDA). ' hi _ € mod .__ot(cti € _; i __,s1 _pj \<it...D a
biochcm i ,al p r thiira}€_Iormd ill D DE ss th€ s.COWnbuli a ; to..til 1(m, _ _,sk I m_IhIc
is eied uin..s of eh'rphosa ;:..The addition of a surfactant to a . , :t 'phosat -based
for ia€ laden in ,1^4[.!h<;,.Rodeo® smand.Aquamaster® redueesreduces the_spray'ssurface
tension on plant leaves and facilitates the penetration of glyphosate through cuticular
waxes on target plants.

Glyphosate

Glyphosate-based weed control products are among the most widely used broad-spectrum
herbicides in the world because they are highly efficacious, cost effective, practically
non-toxic, and q+ iekly--biedegrade za 111 r adij in the environment . Formulations of
glyphosate including Rodeo® and Aquamaster® have been extensively investigated for
their potential to produce adverse effects in non-target organisms. Governmental
regulatory agencies, international organizations, and others have reviewed and assessed
the available scientific data for glyphosate formulations and independently judged their
safety to be of minimal risk to the environment (Agriculture Canada 1991; USEPA 1993;
WHO 1994).

Since its development in the 1970's, there have been no documented cases of adverse
effects on fish or aquatic invertebrates associated with glyphosate use for the control of
aquatic weeds (Geisy et al. 2000). Several field studies have investigated effects of
aquatic weed control applications on aquatic animals (Solberg and Higgins 1993; Findlay
and Jones 1996; Simenstad et al. 1996; Linz et al 1997). No measurable increases in
effects on density, abundance, or survival of aquatic invertebrates have been reported
from the direct effects of glyphosate in field studies (Haag 1986; Henry et al. 1991;
Gardner & Grue 1996; Simenstad et al. 1996; Linz et al. 1999).
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Toxicological Effects

Numerous tests to study the toxicity of glyphosate herbicides have been conducted on
_sat^i_eoodent , dogs, n ioe-;-rabbits , maia:a €i h l it ibirds _̂ , fish, aquatic invertebrates
and aquatic vegetation. Glyphosate is poorly absorbed from the digestive tract and is
excreted largely unchanged by mammals (EXTOXNET database, Cornell Univ). 14

berbieidesto fx"ie6all flyfl-m .:xi 4'^> mamolalh:

t l;.. ^ r 11 _l:ll^c 1€llt a ^ t I'_Il^c cl cll I_equir d..tl kill h{ c, > of ffi€: te^,l_ gaii -6 €€l €110
bo-6€1. : s,,,'ay (LC. )..ll.. -.o?-e__€o-, the .....lllt al .....The acute oral LD- value ti}l.
gl pboo i€c in rats is 5,600 mg/kg. Other oral LD.5o values t 1 lll^ ,.rat ;- are 1,538 ing/kg ,;-- Formatted

to greater than 10,000 mg/kg for mice, rabbits, and goats (Extoxnet database, University
of Cornell; National Library of Medicine 1992; Monsanto Company 1985 ^^ . f

I HIS } R" '1711'.'. .' r 1 )] FT, I L, ."' 000 O
n i 3 R.1)

t;^. } 1994 , r ^r, r; - t?0ti. P . In carrtrast , a highly toxic Compound nnghl
have an LC50 between 0 . 1 and I mg/kg for aquatic animals, and 50 to 500 mg/kg for
birds . See the Table I for the toxicity classifications for aquatic and avian species.--1
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Table 1. Toxicity Classification For Aquatic and Avian Species (Giesy et al. 2000)

European Toxicity
U.S. EPA Toxicity Classification Acute aquatic LC50 Avian dietary LC50
Classificationsa (Aquatic ) or ECSO (mg/L) (mg/kg)

Practically nontoxic -- >100 >5000
Slightly toxic Harmful >10, < 100 >1000, < 5000

Moderately toxic Toxic >1, < 10 >500, < 1000

Highly toxic Very toxic >0.1, < 1 >50, < 500

Very highly toxic Very toxic <0.1 < 50

_u_b llr {ll c and ('chronic toxicity studies have been performed with rats , dogs , mice and
rabbits lasting from 21 days to two years . W'411 kwcopt€nnns••tho,re wwnse ne
Treatment-related gT0ss oic c0alar-changes f r€ n ba ss r °.observ. ;.d i ln.these studies and
^sen. .o€nlnl.d to 0-U lr€, ,l, d . igsi d-(_. 1: LP^A__RED _I29'). l3 s.d_on
lackofe °€deme of c c€ wo<:enis:i:t inn in BSc and fca^,d rats and nndce a3c U.& EP:
classified aly-ghosate as a Group L cf emical. ne: alive for earc€ noe enici:t in l trn ans. No
treatment-related effects on fertility were noted in a t vc ^ c erio ra t re sroduclk
swd att high. dosses a to, 2r, 4 i f`ki da ' 3 ' 4§: x: e 1 ' yase 31 G 3 1. T c l l
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No observable effects level (NOEL) and lowest effects level (LEL) are toxicity reference
values (TRVs) used in wildlife exposure assessments to calculate the hazard quotient
(which is a measure of risk) for a particular chemical of concern.

t,{R Sf N C€ :" PLETEMY 017TD. TED /

199`0 11'sN i tzRE - :rrr -^1I-------------------------------------------------------------------------------------------------------- - --
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t -r t" oxicological data for Rodeo' include : Oral LDS() rat>5000 mg/kg; Dermal LD5
rabbit >5000 mg/kg; 4-h Inhalation LC5o rat >1 .3 mg/L; Skin irritation rabbit, none; Skin
sensitivity in guinea pig, none ; Eye irritation in rabbit, none (Herbicide Handbook 1994).
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Glyphosate is only slightly toxic to wild birds , and practically non-toxic to fish. LC50
values for both mallards and bobwhite quail are greater than 4 , 500 ppm (Forest Service
1984 , Giesy et al . 2000). The acute LC5o values for fish exposed to Roundup'
(gyphosate - ased o fla c with POEA surfactant added), gyphosate as IPA salt,
AMPA, and POEA are listed in Table 2. It 1 T1, f. 1 1t 1 ^)I

Yr rs ^} ?t-- ,
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Table 2. LC50 Values for fish exposed to components of the herbicide Roundup.

Test Compound Test Species LC5o Values
Roundup' Rainbow trout 8.2 mg/L (NOEL is 6.4 mg/L)

Glyphosate Fathead minnows 97 mg/L.
AMPA Rainbow trout 520 mg/L

POEA Fathead minnows 1.0

(Giesy et al. 2000)

I'l c r t. ll th M,the helm ;.sl E iimd I, a kill 5,00 of 4§e w-,4, or<_"a ihrm 1111

io-4 1 oas o : Oil € to l^ tile 11er lca1 is. Clearly the 4_ n;-,en€^^ited

surfactant POEA, and the .. :..: . wd1 I formulation is ..:. T f T f
r^

f?r .
/ f.

1. ` 1U1"fi10T11`a t 1il if S_ %W1th surfactant added,
are more toxic than the active ingredient (gyphosate) its self.
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In acute toxicity studies with amphibians, glyphosate was found to be is practically 
nontoxic to slightly toxic, while Roundup® (glyphosate with POEA) was slightly to
moderately toxic (Geisy et al. 2000). WHY THE DF\C! SSJO.V OV FU!L?{DUP>IS TH15;

Human Health Toxicological Data 

T-l-ms--far-+n-+his-s-um-i-nm-y-;··V<'0--ha-,-<--dk<-:-uss0d--avn-ifabl-0--tox-isohgk-al--da¼n--fo-r--w-ihthfo-.­
Th0 U S. EPA kE alsn armrssed a iargebody of Lik,nmrtk,n rnitheio:,;jdty o-f-glyphosah, 
toiwmmb.-WHAT_D0ESTHIS_REFERT(Y:'_(Al\IN0T_A \VARE_0FALARGE 
B0DYOF1NF0_0NTHET0X1CITY_0F_GL YPH0SATET0 HUlvlANS'."'-The 
calculations of risk performed for human health risk assessments are different from those 
performed for wildlife ex'])osure. TRUE Human health assessments focus on an increased 
risk of cancer.CAN BE TRlJE DEPENDING ON THE PESTICIDE BUT SINCE 
CLYPHOSATE IS A CATEGORY E THIS IS IRRELEVANT Caneer slope fadon;_ 
w-hkh-arB--H--rnB-fb+m-)--(-)f-Fi-sk,--arB--<2-ftkubwd--b-y--G-)-H½pari-1-,g-+b--n-ve+n-g-e--{foHy---i-kl&e--{AD-D-1
nfHm--0-h.;.n-,+sal{-).f-<2n1-wB-n-1-+(X)C}--tn--ft--rn-;;uB-1-,s0--dnR-:--{R.frJ-)-.-

.}})!\ U!L>JHL\U,JD W,J'\1·iIS (Qlf?UILLJ(U/!!?JThU ANPJJIJ$5f(]JQN
APPEARS TO_ \VRITTEN _BASED _ON THE_ SA.t-.JE SECrI0N _IN THE_ SERA 20(J2 

D0CUMENTPAGES} &J_. ___ THEAUTH0R_0FTHE SERA SECfl0N_IS 
/\BSOUJTELY 1NCORRFCT /\ND CLEARLY DOES NOT UNDERSTAND THAT 
TI1FRE /\RE NOT nvo RFDS JlJST ONE AND AN OlJTDATFD 1R1S. 

Tl---iE' LJ S. E'.PA BASE'S !TS f�lSK ASSE"SSPAf.::'f\JT F()t:�2 l--1'tJ!V!A{VS ()/\/ THE' f..()Vvr·sr 
!VOAFL ,REL";QF?_DFD /!V T/-fF V/LR!OC!S STLJOlES. ,f:LJF� GL ,.,/F\HOS.ATE IT lS ,f:,RQ;14 
Tf-fE ;£::;;/J:BB/T TER,4 TCJLOGY STLJcr·y-- AFVD !T VE4S ) 75 fv7C7lK(J/5Jli y_ 

in '1996_ Conaress unanfrnoush/ .. oassed !andrnar/.( pestfc;fde food safet�i leqisfation called 
th�':J r-::oad C�t..lalit\l .Protection Act {F(JPA). The FC�F�.A tnarniated that a!lovvah!e (�xnosure 
levels rnore c!ose/1,1 consider intents end childrerL The FQfJA required the crs. EF"JA to 
BDPlV an additional 10-fo.Jd uncedafntv f'actor to accourd for e.><posure to children, vvho 
have hi her relative ex--osure because of their lower bod' wei 'ht. However: EPA was 
gtv�n..th� __ 9.pft0a __ 9._f._?PP{Y(ag __ ?._/.r;§.1!?.r __ f/n_r��rt?/n_fJ/.t.?r�t.qr_::9..rJ_f.y_/t. __ 9._a __ t.h_r; __ J;??.{$ __ .0f.rr;N?.P./!?._ 
data. such rnaroin tvi!l hs, sate fOr infants and ch.fldren 11 (FC�F�A 1906,L The add.ihona! 
uncertaintv factor. vvhen applied io the ,Rt[}. vields an exr)osure level celled the chrorJic 
Population ,4d!usted Dose {cPAD) 

EP/\ reviewed the toxicoioqical database fo,, glyphosate. determined that it vvas 
complete and conciucieci fr,ere was no indication of increased sensitvitV to glvphosate 
arnong infants anci children. Therefore. EP/\ used an FQP/\ uncertaintv factor of 1, 
resulting in a cP.AD for olyphosate of 175 mq/kq/day. the satT1e as the RfD. 

Tb;;--U-.-S,--EP-A--hn-s<k-Fi-v-0d---i-w{->--lH-m1-m-1--h;;akh-1n,"fo-i-iy---rnforn-1-,00-4osB-s-+:R-nY-s}-D:-lr 
gty-pho-rn-tB-:--{-:H-lG-i-k-Fi-v-0ilb-y---t-h;;--U-S,--EP-A--OPkB--nf-Fe-&tk-ide-&-frH-he---R0-g-i-s-intt-inn 
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Neurotoxicity , Immunotoxicity and Endocrine Disruption.

The U.S. EPA has conducted risk assessments for glyphosate (U.S. EPA 1993) as part of
its periodic registration review process and has determined that glyphosate's registration
should be maintained because it can be used "without significant risk to humans or
wildlife" (SERA 2002). Similarly the Unites States Forest Service (USFS) has
commissioned risk assessments on glyphosate (SERA 1996) to assess the risk of using
these herbicides in applications that are specific to USFS programs. These reports
formed the basis of work upon which recent refined risk assessments for the toxicological
endpoints of neurotoxicity, immunotoxicity and endocrine disruption have been
performed.

In a recent risk report commissioned by the USFS on three commonly used herbicides,
the potential for glyphosate to cause neurotoxicity, immunotoxicity and endocrine
disruption was evaluated. No evidence was found to support glyphosate as a
neurotoxicant, immunotoxicant or endocrine disruptor (SERA 2002). SERA found no
evidence that glyphosate is a direct neurotoxicant in humans or other species. Several
long-term experimental studies of dogs, mice and rats did not find evidence of
neurotoxicity to the brain. Nor was evidence of neurological effects found among forest
workers who mixed and sprayed Roundup® in a small clinical investigation of worker
exposure.

Glyphosate does not appear to be an imminotoxicant in humans or other animals, based
on results from the available studies in humans and experimental studies in rodents.
"This conclusion is supported not only by an extensive set of standard mammalian
bioassays on toxicity, but also by an in vivo assay specifically designed to detect humoral
immune response, and an in vitro assay specifically designed to detect cell mediated
immune response" (SERA 2002).

Three specific tests on the potential effects of glyphosate on the endocrine system were
conducted. No effects were reported in any of the tests. "The conclusion that glyphosate
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is not an endocrine disruptor is reinforced by epidemiological studies that have examined
relationships between occupational farm exposures to glyphosate formulations and risk of
spontaneous miscarriage, fecundity, sperm quality and serum reproductive hormone
concentrations" (SERA 2002). None of these studies have found positive associations
between exposure to glyphosate formulations and any reproductive or endocrine
outcomes.

Other Studies

Results of in situ bioassays of wetlands treated with Rode' suggest that the herbicide
did not pose a hazard to aquatic invertebrates (Gardner & Grue 1996). Growth of
duckweed was reduced 48 hours after exposure to Rodeo' however. This indicates that
Rodeo' may pose a greater hazard to non-target aquatic vegetation than to other aquatic
organisms.

In the "Ecotoxicological Risk Assessment for Roundup Herbicide" (Giesy et al. 2000) tl
- tip g "2-W- W 44 Roundup' 02,4-_-)-} - glyphosate, a _the surfactant Ta al ti _ i t l
lA iiF^t ra i€ POEA a I i ^ r €a g1 p :=. t i Ail i t- %M .-where subjected to
current ecological risk assessment methodology to provide a measure of environmental
safety f,} :: ,e €&t: oar € - Ifid • a .h "' the i.} tidal iwre acct. "Worst-case" assumptions,
and no observable effects levels (NOELS) from the most sensitive test species were used
to calculate very conservative hazard quotients. (A hazard quotient gives an estimate of
relative risk).

The results of the acute risk assessment for l€1;aar^
G €sy mo cr used tip; izbrase Rodeo fb _t^ ai fated -vial POE surfact ^ t. ! ,

showed minimal risk (HQ's < 1.0) for all aquatic taxa (microorganisms, aquatic
macrophytes, fresh-water invertebrates, fish, and amphibians) in environments 2-m-deep
=lxs. In shallow water (0.15 m), ac_uta_liazard values approached, or in some instances

exceeded, minimal risk levels (HQ's > 1.0) warranting further investigation. An
examination of risk assessment assumptions revealed that herbicide degradation,
sorption, and interception by target vegetation of greater than 50% would mitigate the
potential for effects in shallow waters (i.e.: bringing the HQ values back below 1.0).
Evaluations of chronic risk looked at the components and metabolites of Rodeo'
independently. Chronic risk evaluations indicated minimal risk for all components and
metabolites, even in shallow waters.

Geisy et al. (2000) concluded that the use of Rodeo' it a neat R ^ _ tl t tl € tt tcn
,a€i [fi it-gab l ^aar^tl€:€t^ for aquatic habitat restoration can be safely carried out, but

requires consideration of items such as application rate, depth of water and percent
vegetation converge.

Surfactants

The formulation of Rodeo' is: isopropylamine (IPA) salt of glyphosate (53.5%), and
water (46.5%). A surfactant must be added before application to effectively control
weeds. This allows the user to select a surfactant that meets the specific needs of the
weed control program. Efficacy and potential toxicity to non-target aquatic organisms
are the two factors that most often guide surfactant selection.
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There are many different surfactants on the market. Polyethoxylated tallowamine
(POEA) is a commonly used surfactant and is part of the formulation of Roundup®.
Another surfactant, nonylphenol ethoxylate surfactant or R-11, is specifically identified
for use in aquatic environments.

Polyethoxylated tallowainine (POEA), the surfactant used in Roundup°, is more toxic to
aquatic animals than is the active herbicidal ingredient glyphosate. The lowest LC50
value for POEA for aquatic animals is 0.65 mg/L (Folmar et al. 1979), which is at the
upper end of the toxicity range for surfactants. A toxicity assessment of POEA for
aquatic organisms could therefore be used as a conservative estimate for other
surfactants. Use of POEA toxicity data as a baseline for aquatic risk, would provide
protective estimates for the use of other less toxic surfactants.

Acute toxicity values LC50 for POEA to fish range between 1.0 mg/1 for Bluegill sunfish
and fathead minnows, to 7.4 mg/1 for Rainbow trout. Chronic NOEL of POEA for
mammals ranged from 15 mg/kg/d in a 21-day rat study, to 52 mg/kg/d in a 1-month rat
study. The toxicity value for the R-11 metabolite NP, based on 96-h LC50 tests, is 0.13
mg/L, which also puts this compound in the highly toxic category (Staples et al 1998).
Further review of surfactant toxicities should be made to assist Invasive Plant Program
directors in the selection of a surfactant most protective of the environment.

Secondary effects

The creation of open water habitat in wetlands through the use of herbicides such as
Rodeo, create trade-offs between wildlife populations. Studies have noted an increase in
populations of some aquatic invertebrates, and species ofbirds following treatment of
cattail choked wetlands with Rodeo® (Linz et al. 1999; Baltezore, Leitch & Linz 1994).
Rails, shorebirds and waterfowl will increase when vegetation is thinned, while numbers
of red-winged blackbirds, wrens, upland game, furbearers and deer may decline
(Baltezore, Leitch & Linz 1994). In some cases, short-term declines in populations may
be anticipated because of changes in habitat (i.e.: temporary diminishment of food
sources, and nesting or shelter sites). Therefore, ecological assessment endpoints of any
habitat rehabilitation program, needs to reflect the long-term goals of the program.

Summary

A review of key documents and studies assessing the acute and chronic toxicity,
neurotoxicity, immunotoxicity, and endocrine disruption risks of glyphosate based
herbicides, indicates that non-target organisms are exposed to minimal risk through the
use of these herbicides. The surfactants used in the formulation of glyphosate-based
herbicides, or mixed with the aquatic herbicides Aquamaster® and Rodeo® before
application, are far more toxic than the active ingredient itself. A well-administered
management program for the control of noxious weeds can minimize potential exposure
and toxicity to non-target organisms through use of Best Management Practices.
Application rate, depth of water and percent vegetation converge are key factors in
minimizing unwanted aquatic exposures. The surfactants can be selected to minimize
toxicity to aquatic organisms for herbicides such as Rodeo. Further investigation into
toxicity values for a variety of surfactants would enable Weed Control Program
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Managers to make surfactant decisions that would be most protective of human health
and the environment.

At CDFA, the goal of our noxious weed management programs is to protect and restore
social , economic and wildlife land values , in the most efficient and environmentally
protective ways possible . We advocate the use of herbicides as a tool in the eradication
of smaller noxious weeds invasions , and the containment of large-scale infestations. The
economic and environmental cost of herbicide use for intensive short-term eradication
efforts , pales in comparison to the cost of ongoing containment efforts for noxious weeds
that have permanently established themselves on our landscapes . Stopping aggressive
noxious weed species like purple loosestrife from invading new wetland and aquatic
areas in California is a high priority . The use of relatively non-toxic aquatic herbicides
such as Aquamaster® and Rodeo® is our best tool.
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