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Spray additives have been developed in recent years to aid the
effectiveness of herbicides. A variety of confusing terms are
currently used to define these additives. We will refer to them
as adjuvants. Adjuvants encompass a broad range of functional
categories including: utility modifier adjuvants, those that
function as emulsifiers, dispensants, stabilizing agents and
antifoaming agents, spray modifier adjuvants which include
stickers, spreaders, thickening agents and foams, and activator
adjuvants, which include surfactants, wetting agents, penetrants
and oils (McWhorter et al. 1982).

Adjuvants, can either enhance, diminish, or have no effect on the
activity of herbicides. Unlike herbicides, most adjuvants are
considered to possess no pesticidal properties. For this reason
adjuvants are exempt from the rigorous biological testing
requirements and pesticide registration laws applied to herbicides
or other pesticides. Although several investigations indicate
adjuvants, primarily surfactants, are toxic to fish and aquatic
invertebrates (Maki 1979, Swedmark et al. 1971, Swisher et al.
1964), the toxicities of the majority of adjuvants to aquatic
organisms has not been extensively investigated. Owing to the
increased use of aquatic herbicide spray adjuvants, the purpose
of this study was to examine the toxicity of several adjuvants,
commonly used in conjunction with aquatic herbicides.

METHODS AND MATERIALS

An acute static bioassay was conducted for nine adjuvants using
bluegill (Lepomis macrochirus) following the procedures outlined
by Standard Methods (A.P.H.A. 1971)%. The fish were provided by
the U.S. Fish and Wildlife Service Welaka Fish Hatchery in Welaka,
Florida. All fish were held indoors in aeriated 1000 liter
circular tanks receiving well water at the Center for Aquatic
Weeds in Gainesville, Florida. The fish tested ranged from 1.2
to 2.8 grams and from 40 to 61 mm total length.

3Funding for this project was provided in part through the
University of Florida, USDA-ARS Cooperative Agreement No.
58-7B30~0~177. Published as a Journal Series No. 5318 of the
Florida Agricultural Experiment Station.
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The bioassay for each adjuvant consisted of three replicates of
five concentrations and three control replicates (no adjuvants).
After a minimum four day acclimation period, ten fish
representative of the size range, were placed into each of the
eighteen 50 liter tanks containing various concentrations of the
adjuvants or control (well water). To determine the acute
toxicity of each adjuvant, LD-50's and 95% confidence intervals
were calculated for 24 and 96 hours following the prodedures
outlined by Litchfield and Wilcoxen (1949) and Standard Methods
(A.P.H.A. 1971). Evidence of mortality, defined as no opercular
movement, was noted immediately after placing fish into the
containers and every 24 hours up to 96 hours when each test was
terminated. As the adjuvants Polysar and Herbex made the
solution opaque, fish were examined only after 96 hours, at the
time when the containers were drained and the experiment was
terminated. Temperature of each container was recorded initially
and every 24 hours through the end of the experiment using a
mercury thermometer.

Changes in alkalinity and pH were examined separately for each
surfactant. Fifty liters of water were placed into six
containers representing five concentrations and one control.

A water sample was collected initially and at the end of 24 and
96 hours from each container. Total alkalinity as calcium
carbonate and pH was determined as described in Standard Methods
(A.P.H.A., 1971).

RESULTS AND DISCUSSION

The 24-hour LD-50 ranged from 1.9 to 150 mg/l and the 96-hour
1LD-50 ranged from 0.96 to 8100 mg/l (Table 1). Polysar and
Herbex", the two spray additives which produced opaque solutions
were the least toxic. Their 96-hour LD-50's were 3600 and 8100
mg/l respectively (Table 1). The LD-50 of the seven other
adjuvants were higher during the 96-hour period (Table 1). The
three most toxic adjuvants, Spra-Mate, X-77, and Cide-Kick,
caused 100% mortality at concentrations of 6.0 mg/l and greater.
Water temperatures were similar for all trials (Table 1).

The results of several other bioassays testing primarily
surfactants, are similar to-our findings. Lemeke and Mount (1963)
reported alkyl benzene sulfonate (ABS) is relatively toxic to
bluegill with 24— and 96-hour median tolerance limit (TLm)

values of 24.8 mg/l and 21.2 mg/l respectively. Hokanson and

4Mention of a trademark or a proprietary product does not
constitute a guarantee or warranty of the product by the Center
for Aquatic Weeds; the University of Florida or the TU.S.
Department of Agriculture, and does not imply its approval to
the exclusion of other products that may be suitable.
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Table 1. Mean temperatures 0C (range), 24- and 96-hour LD-50
static bioassay concentrations (mg/l) (+ 95% C.I.) of nine
herbicide spray additives.

Mean LD~50
Adjuvant Temperature 24 hour 96 hour
Spra-Mate 19.8 1.9 0.96
(19.4-19.9) (1.7-2.2) (0.7-1.3)
Cide-Kick 19.8 5.4 5.2
(19.7-19.9) (5.0-6.0) (4.8-5.6)
X-77 20.0 5.5 5.5
(19.9-20.1) (5.1-6.0) (4.9-6.1)
Formula 403 19.8 54 37
(19.7-19.9) (51-58) (33-42)
IVOD 19.8 62 37
(19.7-19.9) (56-69) (36-39)
Big Sur 20.0 150 112
(19.9-20.1) (122-185) (97-130)
Nalquatic 19.9 0.0 200
(19.8-20.0) (167-239)
Polysar 19.9  mme—— 3600
(19.8-20.0) (3028~4280)
Herbex 20,6  eeee——— 8100
(19.8-20.0) (6723-9759)

Smith (1971) reported the 24- and 96-hour median tolerance limit
(TLm) of linear alkylate sulfonate (LAS) to bluegill was less
than 3.5 mg/1.

With the exception of Herbex, which slightly elevated alkalinity
and pH, all adjuvants appear to have a minor effect upon
alkalinity and pH. The alkalinity and pH values recorded for
all adjuvants were well within the tolerable range for this
species.

Currently, spray additives are applied according to recommended
surface area rates; therefore, final concentrations are dependent
upon depth. Based upon our results, the depths required to
achieve median lethal concentrations (LD-50) were calculated

for each adjuvant (Table 2). These calculations assume additives
are mixed thoroughly throughout the water column and remain in
solution for 96 hours. Our results indicate the majority of
additives (5) would have to be applied at depths of less thar

0.2 m, to achieve median lethal concentrations (LD-50) to
bluegill. Application of Spra-Mate, the most toxic spray
additive, at a depth of 1.5 meter or less, may result in median
lethal concentrations toxic to bluegill within 96 hours.

Unlike laboratory conditions where physical, chemical, and

biological interactions are minimized, the toxicities of these
adjuvants may be affected by external factors in natural
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ecosystems. Although our calculations were based upon each
adjuvant remaining in solution for 96 hours, it should not be
assumed that biological breakdown would lower their toxicity,

as biological intermediates could be more toxic. Differences

in water chemistry especially alkalinity may also effect spray
additive toxicity. Hokanson and Smith (1971) reported toxicities
increased (lower LD-50) as water hardness increased.

Our results indicate, with the exception of Spra-Mate, all other
spray adjuvants, applied at suggested application rates, would
not be toxic to juvenile bluegill. Their effect on other fauna,
which may serve as bluegill food, or on other life history stages
of this species should be taken into comsideration. 1In addition,
Jjust as spray additive-herbicide combinations vary in efficacy
spray additive-herbicide toxicity also may vary.

Acknowledgements. We wish to thank M. Glenn for her assistance,
J. Maxwell and J. Jones, U.S. Department of the Interior Welaka
Fish Hatchery for supplying the bluegill. Dr.'s R. Gregory,

H. Schramm and D. Sutton for reviewing the manuscript, and the
following companies for supplying materials: American Colloid,
Asgrow Florida, Chevron Chemical, J.L.B. International Chemical,
KDM, Nalco Chemical, and Polysar Inc.

REFERENCES

American Public Health Association (A.P.H.A.) (1971) Standard
methods for water and wastewater analysis., McMillan and Co.,
New York, N.Y. 985 pp

Hokanson KF, Smith L (1971) Some factors influencing toxicity
of linear alkylate sulfonate (LAS) to the bluegill. Trans.
Am. Fish. Soc. 100(1):1-12

Lemeke AE, Mount DI (1963) Some effects of alkyl benzene sulfonate
on the bluegill, Lepomis macrochirus. Trans. Am. Fish. Soc.
92(4):373-378

Litchfield JT, Wilcoxon F (1949) A simple method of evaluating
dose-effect experiments. Pharmocol. Exp. Ther. 96:99

Maki AW (1979) Correlations between Daphnia magna and fathead
minnow (Pimephales promelas) chronic toxicity values for
several classes of test substances. J. Fish Res. Bd. Can.
36(4):411-421 .

McWhorter CG, Van Valkenburg JW, Hull HM, Davis DG, Stolzenberg
GE, Norrid RF, Boyer DE, Foy CL, Parr JF, Swisher EM,

Willis GD (1982) Adjuvants for herbicides. Weed Science Society
of America. Champaigne, Illinois 325 pp

Swedmark M, Treatar B, Emanuelson E, Grammo A, (1971)
Biological effects of several surface active agents on marine
animals. Mar. Biol. 9(3):183-201

Swisher RD, O'Rourke JT, Tomlinson HD (1964) Fish bioassays
of linear alkylate sulfonate (LAS) and intermediate
biodegration products. Jour. Amer. 0il. Chem. Soc.
41(11):746-763

Received February 28, 1984; accepted March 31, 1984

142



