Acute Toxicity of Various Nonionic Surfactants/Spreaders

 Used with Glyphosate Products and Toxicity of Formulated Glyphosate Products

Most of the data are for neonate Daphnia and larval fish; tests on juveniles are footnoted.
	Product
	Company
	Formulation
	
LC50 Concentrations(mg/L)*

 Daphnia          Bluegill           Rainbow           Tadpoles (48hrEC50)         (96hr)            Trout(96hr)          (48hr)

                                                                             
	Oyster

Embryogenesis

(EC50)

	Roundup Original
	Monsanto
	glyphosate plus ethoxylated tallow amines
	37
	5.8
	8.2
	
	

	Roundup  Surfactant

MONO818a
	Monsanto
	
	2.0
	1.5-1.7 f
	2.0-7.4
	
	

	Rodeo  w/o surfactant
	Monsanto
	glyphosate
	962
	
	106-240
	81.2-121
	

	No Foam A
	Monterey Chemical
	nonylphenoxy polyethoxy ethanols(=POE nonylphenols) 
	7.2
	6.0
	3.3
	
	

	R-11
	Wilbur-Ellis
	octyl phenoxy polyethoxyethanol/ butyl alcohol(=POE octylphenols)
	19.0
	4.2
	3.8

5.37-5.87f
6f
	
	1.0

	Ortho X-77
	Scotts Co.
	nonylphenol
	
	
	2.0
	
	

	X-77 Spreader
	Loveland Industries
	alkylargylpolyoxyethylene, alkylpolyoxyehtylene, fatty acids, glycols, & dimethylpolysiloxane
	
	4.7-5.3 f
	
	
	

	Cide-Kick
	Brewer Intl.
	d’-limonene and nonylphenol polyethylene glycol ether
	3.9
	18

9.1-11.3 f,g
	11
	
	


	Product
	Company
	Formulation
	
LC50 Concentrations(mg/L)*

 Daphnia          Bluegill           Rainbow          Tadpoles  (48hrEC50)         (96hr)           Trout(96hr)         (48hr)                                                                            
	Oyster

Embryogenesis

(EC50)

	Agri-Dex
	Helena Chemicals
	heavy weight paraffin petroleum oils, polyol fatty acid esters, polyethoxylates
	>1000
	>1000
	>1000

237-305f

271 f
	>1000
	60.2

	LI700
	Loveland Industries
	phosphatidylcholine, methylacetic acid and alkyl polyoxyethylene ether 
	170
	210
	130

16.1-18.3f
17f
	
	5.1

	ChemSurf 90b
	Chemorse
	alkyl aryl polyoxyethylene ether,isopropanol, and fatty acids
	
	
	
	
	

	Activate Plus
	Terra
	alkylarylpolyoxyethlene glycols, free fatty acids and isopropyl alcohol 
	32-42c
	9-15
	9-15
	
	

	Induce
	Helena
	nonylphenoxy polyethoxy ethanol
	18-24
	4.5-7.5
	4.2-8.3
	
	

	Induce
	SETRE Chemical Co.
	alkylarylpolyoxylkane ether & free fatty acids
	
	8.2-9.8 f
	
	
	

	Poly Control 2b
	Brewer Intl.


	polyacrylomide copolymer
	
	
	>100
	
	

	Roundup

MON 2139
	Monsanto
	glyphosate with surfactant
	
	
	
	8.1-144
	

	Touchdown
	
	
	
	
	
	27.3-48.7
	

	Agrimul PG 2062, 2065, 2072
	Cognis (fomerly Henkel)
	alkyl polyglucoside (APG)
	
	
	
	
	


	Product
	Company
	Formulation
	
LC50 Concentrations(mg/L)*

 Daphnia          Bluegill           Rainbow            Tadpoles

(48hrEC50)         (96hr)            Trout(96hr)           (48hr)
	Oyster

Embryogenesis

(EC50)

	Roundup Biactived
MON77920
	Monsanto
	
	
	
	
	911->1,300
	

	AG6202e
	Akzo-Nobel
	alkyl polyglucoside (APG)
	>100
	
	>310
	
	

	Timberland 90
	Timberland
	alkyl aryl polyoxyethylene ether,isopropanol, and fatty acids
	
	8.8-10.3 f
	
	
	

	Sun-It II
	American Cyanamid
	methylated seed oil
	NA
	NA
	NA
	NA
	

	Thoroughbred
	Estes Inc.
	polyalkyleneoxide modified heptamethyltrisiloxane
	
	26.5-31.3f
	
	
	

	Nu-Film-IR
	Miller
	poly-1-p-menthene
	
	
	
	
	

	Aqua-King
	Estes Inc.
	alkylphenol-hydroxypolyoxy ethylene, glycols, &isopropanol
	
	6.9-7.9 f
	
	
	

	Aqua-King Plus
	Estes Inc.
	glycol butyl ether and phosphoric acid
	
	6.9-7.9
	
	
	

	Optima
	Helena Chemical
	polyethoxylated alklylamines, alkylpolyoxyethylene glycols & organic acids
	0.96
	2.79

7.9-9.2f
	1.76
	
	

	Entry II
	Monsanto
	tallow amine
	
	2.7-3.0f
	
	
	


	Product
	Company
	Formulation
	
LC50 Concentrations(mg/L)*

 Daphnia          Bluegill           Rainbow          Tadpoles    (48hrEC50)         (96hr)            Trout(96hr)         (48hr)
	Oyster

Embryogenesis

(EC50)

	SA-50
	Southern Agricultural Insecticides
	alkyl aryl polyoxyethylene glycol & other ethoxylated derivatives
	
	Oyster

Embryogenesis

(EC50)
	
	
	

	Big Sur 90
	Brewer Intl.
	alkyl aryl polyoxyethylene glycols, fatty acids, isopropanol
	
	11.0-12.1f
	
	
	

	Sil Energy
	Brewer Intl.
	polyalkyleneoxide -modified polydimethylsiloxane & nonionic surfactants
	
	16.6-19.5f
	
	
	

	Dyne-Amic
	Helena Chemical
	polyalkyleneoxide -modified polydimethylsiloxane, nonionic emulsifiers, & vegetable oils
	
	25.5-28.3f
	
	
	

	Freeway
	Loveland Industries
	silicone-polyether copolymer & alcohol ethoxylates
	
	28.7-30.7f 
	
	
	

	Cygnet Plus
	Cygnet Enterprises
	d’l’-limonene
	
	29.0-31.5f 
	
	
	

	Sun-Wet
	Brewer Intl.
	methylated seed oil
	
	51.1-63.8f 
	
	
	

	Hasten Modified Vegetable Oil
	Wilbur-Ellis
	ethyl oleate, polyethylene dialkyl ester, ethyoxylated nonylphenol
	
	
	71.1-76.5 f
74 f
	
	11.3

20.6 (without nonylphenol)


	Product
	Company
	Formulation
	
LC50 Concentrations(mg/L)*

 Daphnia      Bluegill        Rainbow          Tadpoles (48hrEC50)     (96hr)        Trout(96hr)         (48hr)
	Oyster

Embryogenesis

(EC50)

	Kinetic
	Helena Chemical
	polyalkyleneoxide -modified polydimethylsiloxane & polyoxylpropylene-polyoxyethylene block  polymers
	
	13.0-21.6
	10.8-18.0
	
	

	Class Act Next Generation
	Agrisolutions
	Ammonium sulfate, corn syrup, alkyl polyglycoside
	377

(200-1000)
	(juv. fathead minnow)

447 (200-1000)
	447

 (200-1000)
	
	

	Preference
	Agrisolutions
	Alkylphenol ethoxylate, sodium salts of soya fatty acids, isopropyl alcohol
	18

 (8-40)
	(juv. fathead minnow)

18 (8-40)
	13

(1.6-40)
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


 a surfactant present in most Roundup products (Roundup Custom and Accord lack any surfactant, but one should be added usually).

 b no toxicity data available

 c test performed in high hardness (180 mg/L), high alkalinity (206 mg/L), high conductivity (390 umhos/cm) water

 d apparently not available in U.S.

 e low foaming agent in process of being registered (would be used in conjunction with some surfactants)

  f results for acute toxicity testing of juvenile fish, which may be more/less sensitive depending on species

  gThis product has possibly been reformulated to contain primarily d-limonene.  

Based on these data, it appears that Agri-Dex is the surfactant least acutely toxic to aquatic invertebrates and fish when tested by itself.   Also, this chemical does not contain the suspected endocrine disruptors, nonylphenol and octylphenol, found in X-77 and R-11,respectively .  Jobling et al. (1996) showed that the latter surfactants affect testicular growth and plasma vitelloginin induction in adult male rainbow trout.  Other studies have also shown that these compounds are endocrine disruptors to  fish.  However, field studies are lacking that demonstrate any actual population-level effects on fish populations from endocrine disruption.

Kubena et al.(1998?) examined the effects of X-77, R-11, and LI700 used with Rodeo.  These  researchers showed that when combined, LI700/Rodeo resulted in a slightly, but not significantly higher rate of fish mortality in lab bioassays than X-77, but did not affect growth.  When R-11 was added to Rodeo, these researchers observed significant differences in both fish survival and growth. Rodeo/R-11 fish died at a much higher rate, apparently from an avoidance response that caused the fish to jump out of their tanks.  Fish exposed to Rodeo/R-11 were also significantly shorter in length than control fish, but were not correspondingly lower in weight.  Kubena et al. concluded that Rodeo/R-11 was significantly more toxic than other Rodeo/ surfactant mixes.

Because of the lack of field data, no clear conclusions can be drawn about any of these products. The most conservative product acute-toxicity-wise appears to be LI700.  Efficacy is another question entirely, and this review does not address that topic.  Nor does it examine other ecotoxicological problems associated with glyphosate product use.
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