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Aquatic toxicity testing of potentially toxic substances
is now accepted as an important aspect of environmental
hazard evaluation. In conducting aqguatic toxicity tests,
ideally, the test organism is exposed to the chemical
dissolved in water., To achieve homogeneous distribution
of the hydrophobic test chemical in water is a problem
owing to the poor solubility of these substances, espe-
cially those that are of maximum interest in hazard eva-
luation because of their persistent nature and tendency
for bioaccumulation. This problem is met more often in
conducting acute or short-term toxicity tests, where
amounts higher than the water sclubility limits of hy-
drophobic compounds are reported to have been employed
sometimes, For instance, against a known water solubi-
lity of DDT of less than 2 ug/L, the reported 96-h LC50
values for several species of aguatic organisms range
from a few to a few hundred ug/L (see for instance Table
1 in US EPA Ambient Water Quality Criteria for DDT).
Traditionally this problem has been sought to be over-
come by using a carrier solvent, as the hydrophobic com-
pounds are moderately to highly soluble in a few water-
miscible organic solvents. In a recent review on aqua-
tic toxicity testing, Buikema et al, (1982) stated "To-
xicity tests conducted with water insoluble chemicals,
€.0., Many biocides, usually use a solvent to enhance
solubility"., Fujiwara (1979) stated that according to
the 'Chemical Substances Control Law of Japan' a sui-
table solubiliser may be used in conducting the 48-h to-
xicity test, if the chemical is poorly soluble in water.
In the OECD guidelines too (0ECD Guidelines 1981) the
use of suitable solubilisers is recommended in conduct-
ing aguatic toxicity tests with poorly water~soluble
compounds., In all these cases, it is hoped that the

use of a carrier solvent somehow enhances the water so-
lubility of such poorly water-soluble compounds, thereby
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enabling the use of amounts higher than the limit of sa-
turation of that chemical in uwater. To our knowledge,
there have been no published reports stating that a ca-
rrier solvent, in the range of concentrations recommen-
ded for use in aquatic toxicity tests, increases the
water solubility of organic compounds, Hence we studied
the water solubility of three compounds viz., dieldrin,
nitrofen and captan, in the presence or absence of three
concentrations of acetone,

MATERIALS AND METHODS

The water solubility of the three pesticides with or
without zcetone was studied using a sand column similar
to that described by Chadwick and Kiigemagi (1968).
Nergk sea sand (no. 7710) was heated for two hours at
600 °C, cooled, washed with deionized wster and dried at
110°C. The dried sand was packed on a chromatographic
column (18C x 12 mm), fitted with a fritted disc and
stopcock. Dieldrin (99.5% pure, 30 mg) or nitrofen
(99.5% pure, 100 mg) was dissolved in 2 mL acetone and
added to the column. The solvent was made to run doun
the column by the application of gentle vacuum and the
column was allowed to dry. For captan, this procedure
did not result in uniform deposition and elution of the
compound., Hence 120 mg of captan (97.6% pure) was disso-
lved in 20 wmL of 1:1 ethyl acetone and toluene and was
deposited on 50 g washed sand in a 50 mlL round-bottomed
flask., After removing the solvent on a rotary flash eva-
porator, the sand was packed on a 30 cm-long chromatogra-
phic column, With all the three compounds, the column
was eluted first with 750 mL deionized water and then
successively thrice with 400 mbL water containing acetone
at a concentration of 10, 100 and 500 ut/L, at an elu-
tion rate of 2.5 mbL/min. The first 500 mL water eluate
was discarded and five samples were collected into 5C

mb volumetric flasks. Similarly, with each concentra-
tion of acetone, the first 150 mL eluate was discarded
and five samples were collected into 50 mL volumetric
flasks, The compound was extracted from the 50 mL sam-
ple in the volumetric flask by shaking with 2 mL toluene
(hexane in the case of dieldrin), which after appropri-
ate dilution uas injectgg into a gas chromatograph (Va-
rian model 1740 with a Ni electron capture detector).
Three different 2 m-long columns were used for the three
compounds viz., 1,2% Dexsil 300 GC on 80/100 mesh Chro-
mosorb 750 at 225°C for dieldrinb 8% DC 550 + 2% DC 200
on 80/100 mesh Gaschrom § at 240 C for nitrofen and 3%
OV 101 on 80/100 mesh Chromosorb W-DMCS at 200°C for
captan, Other operating conditions were the game for
all the three compounds and were-injector 190°C and de-
tector 290°C.

Fortification of water and subsequent extraction and
analysis were carried out in triplicate with each com-
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pound to calculate the percentage recovery, The water
solubility of the three compounds under different con-
ditions of treatment was tested for significant diffe-
rence by analysis of variance.

RESULTS AND DISCUSSION

The percentage recovery of dieldrin, nitrofen and cap-
tan from fortified samples was 94,7 + 3.4%, 101.8 + 3.4%
and 94.1 + 0.85% respectively. The results of the study
on the water solubility of the three compounds are shouwn
in Table 1. Analysis of variance showed no significant
difference in the solubility of dieldrin or nitrofen in
water in the presence or absence of acetone at any of the
three concentrations (F = 2,04 and 2.34 respectively; not
significant at p = 0.05 and at 3 and 16 degrees of free~-
dom). For captan, there was a significant difference in
its water solubility among different treatments (F = 43,69,
significant at p = 0.005 and at 3 and 16 df).

Table 1. Solubility (ug/L)§ of dieldrin, nitrofen and
captan in water with or without acetone,

Compound without with 10 with 100 with 500

acetone uk/L ul/L uL/L
Dieldrin 250 + 4 252 + 3 252 + 6 256 + 2
Nitrofen 609 + 22 593 + 19 594 + 35 565 + 27
Captan 4642 + 144 5328 + 274 5892 i337 6526 + 319

§ All values are corrected to the nearest whole number;
gach value is a mean of five determinations with the
standard deviation indicated.

The water solubility of dieldrin or nitrofen was not in-
creased by the addition of acetone and there was only a
41% increase in the solubility of captan in the presence
of the highest concentration of acetone usually employed
in aquatic toxicity tests., The degree of influence of
acetone on the water solubility of hydrophobic compounds
is perhaps related to the extent of the water solubility
of the compound itself - water solubility of poorly solu-
ble compounds not being influenced by acetone at all, and
those of slightly more soluble compounds being increased
a little in the presence of acetone, The extent of this
influence, however, seems to be limited, because in a stu-
dy on the water solubility of atrazine, Flrer and Geiger
(1977) observed only a 16.6 to 33.2% increase in its wa-
ter solubility in the presence of 1% acetone. Such a
small increase in the water solubility is of little pra-
ctical significance in conducting acute aquatic toxicity
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tests except in rare instances where the slope of the
dose-mortality regression line is very steep.

The solubility of dieldrin and nitrofen in water, cal-
culated by us, is in agreement with the values reported
in the literature. For captan, however, our value is
about nine times that reported in the Pesticide Manual
(Martin and Worthing 1974), which is often cited as the
source of this information by other workers. Qur value
for captan, likewise, differs from that of Firer and Gei-
ger (1977). This discrepancy may be due to the different
methods adopted to calculate the water solubility, Todd
et al., (1980) reported that they obtained widely differing
values for the same compound when they adopted different
methods to calculate its water solubility., In the Pesti-
cide Manual, the method adopted for determining the water
solubility of captan is not mentioned; Firer and Geiger
(1977) followed a stepwise dilution of a fine suspension
of the compound in water and determined the point cof sud-
den decrease in turbidity. As has been pointed out by
Gunther et al. (1966) the solubility data reported ear-
lier for many compounds need to be reevaluated.

Acetone is one of the most often used carrier solvents

in conducting aquatic toxicity tests, along with dime=-
thyl formamide and ethanol, For instance, in 1587 acu-
te toxicity tests with 271 chemicals and 58 test species,
conducted over a period of 14 years at the Columbia Na-
tional Fisheries Research Laboratory, in USA, acetone

-at a concentration not exceeding 0.5 mL/L- was often
used as a carrier solvent in preparing the test solutions
(Johnson and Finley 1980). In the light of our study,
the usefulness of acetone in increasing the water solubi-
lity of hydrophobic compounds seems negligible, Since it
is easier to prepare the test medium while employing a
carrier solvent, and since earlier studies by one of us
(Murty and Hansen 1983, Murty in preparation) have shouwn
no interaction between the carrier solvent (acetone or
ethyleneglycol monoethyl ether) and the toxicant, and
that the carrier solvent does not alter the extent of up-
take of the toxicant by the test organism, the use of
acetone as a carrier solvent may be continued only for
the purpose of easier preparation of the test medium and
not for increasing the water solubility of poorly water
-soluble compounds,

If the use of a carrier solvent does not help increase
the water solubility of hydrophobic compounds, what is
the validity of all the LC50 values reported in the li-
terature that exceed the saturation value of that com=-
pound in water? Since neither the use of a carrier sol~
vent nor any of the devices designed to generate satura-
ted water solutions of test chemicals (Chadwick and Kii=-
gemagi 1968, Veith and Comstock 1975) can put more che-
mical into water than its water solubility limit, all

those toxicity tests conducted with an amount of the
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substance in water higher than its saturation value in
water seem to be meaningless. Although that much che-
mical may have been added to the test medium, the real
concentration of the test chemical in the test tanks can-
not exceed its solubility in water, the rest being adso-
rbed to walls, being present in suspension or precipita-
tion or lost through evaporation. Hylin (1980) has em-
phasized that that part of the chemical that is not in
true solution is not really biglogically active and avai-
lable. Further, Herzel et al, (1976) have shoun that in
aguatic toxicity tests conducted at a concentration equal
to, or near the saturation of the test chemical in water,
the evaporation loss was very high, Thus it is obvious
that in all such cases where the calculated LC50 value
exceeds the water soclubility of a compound, the test or-
ganism is not exposed to those amounts of the toxicant
supposed to be present in the test tanks, but to a much
lesser and unknown concentration., The scientific inde-
fensibility of such data in the light of our present fi-
ndings will be discussed elsewhere (Murty and Herzel, in
preparation). It must also be emphasized that when other
carrier solvents like dimethyl formamide and ethanol are
also found ineffectual in increasing the water solubili-~
ty of hydrophobic compounds, thus confirming our obser-
vations with acetone, the 'Toxicity Testing Protocols!’,
'‘Guidelines' and the like that recommend the use of a
carrier solvent for enhancing the solubility of poorly
water-soluble compounds need to be altered, Similarly,
the relevant portions of the environmental protection
laws in force in various countries, that insist on the
submission uf pre-registration data on acute toxicity to
a few representative aquatic organisms, irrespective of
the water solubility of such compounds (even when the re-
ported LC50 values exceed the water solubility of that
compound), have tc be suitably altered in the light of
this new knowledge.

ACKNOWLEDGMENTS

One of us (ASM) thanks the Humboldt Foundation of the
Federal Republic of Germany for the award of a Fellow-
ship during which tenure the present work was carried
out. We acknowledge the fine technical assistance of
B. R. Richter.

REFERENCES

Buikema AL, Niederlehner BR, Cairns J Jr. (1982) Biolo-
gical monitoring Part IV — Toxicity testing. Water Res.
16:239-262

Chadwick GG, Kiigemagi U (1968) Toxicity evaluation of a
technique for introducing dieldrin into water J Uater
Pollt Cont fed 40:76-82

57



Fujiwara K (1979) Japanese law on new chemicals and the
methods to test the biocdegradability and bioaccumula-
tion of the chemical substances., In:Dickson K, Maki AW,
Cairns J Jr (eds) Analysing hazard evaluation process.
American Fishery Society, Washington DC, p 50

Furer R, Geiger M (1977) A simple method of determining
the agueous solubility of organic substances. Pestic
Sci 8:337-344

Gunther FA, Westlake WE, Jaglan PS (1968) Reported solu-
bilities of 738 pesticide chemicals in water. Residue
Rev 20:1-148

Herzel F, Schmidt G, Sobhani P (1976) Der £influB der Be-
liiftung bei der Ermittlung der fFischtoxizitat., 7 Ange
Zool 63:137~143

Hylin Ju (1980) Pesticide residue analysis of water and
sediments: Potential problems and some philosophy. Re-
sidue Rev 76:203-210

Johnson WW, Finley MT (1980) Handbook ofacute toxicity
of chemicals to fish and aquatic invertebrates. US Dept
of the Interior Fish and Wildlife Service Resource Publ,
no. 137 Washington DC

Martin H, Worthing CR (1974) (eds) Pesticide Manual 4th
ed. British Crop Protection Council, London

Murty AS, Hansen PD (1983) Influence of the carrier sol-
vent on aquatic toxicity tests., 1In: Christensen K,

Koch B, Bro~Rasmussen F (eds) Proceedings of Symposium
on chemicals in the environment. Lyngby, Copenhagen

QECD Guidelines (1981) Guidelines for testing chemicals.
OECD, Paris, Section 305 C

Todd 3, Orr DE, Ozburn GW (1980) The unreliability of so-
lubility data for organic compounds of low solubility in
water, In: Klaverkamp JF, Leonhard SL, Marshall KE (eds)
Proceedings of the sixth annual aguatic toxicity workshop.
Canadian Technical Rep no. 975, Dept of Fisheries and
Oceans, p215

US EPA (1980) Ambient water quality criteria for DDT, US
Environmental Protection Agency 440/5-80-038, Washington
pe

Veith GD, Comstock UM (1975) Apparatus for continuously
saturating water with hydrophobic organic chemicals,

J Fish Res Bd Canada 32:1849-1851

Received July 15, 1983; Accepted August 15, 1983

58



