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Abstract

The individual toxicity of linear dodecyl benzene sulfonate (DBS), linear
tridecyl benzene sulfonate (TBS), and a nonionic surfactant (a blend of two
primary alcohol ethoxylates) to mayfly larvae (Isonychia sp.) were determined
using static bioassays. Specimens were maintained for one week at 8—10°C
with a photoperiod of 12L:12D and 4070 ft. candles illumination in dech-
lorinated Blacksburg tap water (hardness = 50—65mg/l). Tests were carried
out in 3.8 liter glass jars containing a final test volume of 2.0 liters. Logarithmic
—— probability regression lines, EC;, and ETy, values were obtained using the
BMD computer program and confidence limits, slopes and slope parallelism
significance were determined using the LircurELD-WiLcoxoN method. Results
follow: for DBS 96 hr EC;, = 5.33 mg/l (LitcuFiELD-WiLcoxoN confidence limits
493 -6.72); TBS 96 hr EC;, = 1.36 (1.06—1.76); nonionic blend 96 hr EC;, =
2.96 (2.44—3.58). At 18.0 mg/l the ETj, values were: DBS = 1230 min. (946—
1598); TBS = 231 (202-—264); nonionic blend = 685 (600—782). The main value
of these preliminary tests was to determine the relative toxicity of each of the
test materials under comparable conditions.

Introduction

MaRCHETTI (1965) has attributed most of the toxicity of modern de-
tergents to the surfactant portion of the detergent. Detergents consist
primarily of a surface active agent (surfactant) and polyphosphate salts
(builders). Many workers have studied the toxicity of surfactants to ver-
tebrates but few have studied their effects on aquatic invertebrates. Ar-
tHUR (1970) used continuous flow techniques to study toxicity to Gam-
marus of a detergent containing a “soft” (biodegradable) linear alkyl sul-
fonate (LAS) surfactant. He observed average 96 hr TLy values of 7 mg/l
LAS and in chronic studies of survival, growth, reproduction, feeding, and
mobility the maximum acceptable concentration of LAS was 0.2—0.4 mg/l.
DEecENs et al. (1950) and Mann (1955) surveyed the effects of surfactants
and detergents on various other fish food organisms. DEGENs et al. (1950)
observed that the anionic surfactants were toxic to Daphnia at 5 mg/l, but
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that higher concentrations could be tolerated after acclimation to the sur-
factant. Man~N (1955) described a series of experiments on Tubifex, Chi-
ronomus, Carinogammus, and Asellus with a toxicity range of 10—25mg/1
for the anionic and nonionic surfactants studied.

Herpworta (1961) and SurBer & TuaTcHER (1963) investigated toxi-
cities of detergents containing “hard” (slightly biodegradable) alkyl ben-
zene sulfonate (ABS) surfactant to some stream insects. HepwortH (1961)
observed 96 hr LDs’s of a nonionic detergent, Kyro-EO, on Ephemerop-
tera naiads, Plecoptera naiads, Odonata naiads, and Diptera larvae. These
values are 5.2 ppm, 4.7 ppm, 4.9 ppm and > 10 ppm, respectively. SURBER
& TuarcHeR (1968) observed that the mayfly larvae Stenonema ares and
S. heterotarsale and Isonychia bicolor were drastically reduced or elimi-
nated at an ABS concentration of 8 ppm. The caddis fly larvae, Cheumato-
psyche, had a 53 %o survival at a concentration of 8 ppm and 29 %o survival
at 32 ppm.

The purpose of this study was to determine the relative acute toxicity
of each of three new surfactant formulations to a mayfly larvae (Isonychia
sp.) by using static bioassays.

Table 1. Formulation of Surfactants as Provided by the Soap and Detergent

Association.
Linear Dodecyl Linear Tridecyl Nonionic
Benzene Sulfonate Benzene Sulfonate
(DBS) (TBS)

Solids 44.7 %0 49.1 % Blend of 2
Free Oil 0.8%0 0.4 %0 primary alcohol
pH 8.8 % 11.8 % ethoxylates
alcohol insolubles 2.29%, 3.6 % Taken as
active ingredient 41.6 % 45.3 % 100 %o active

ingredient
Carbon Chain Length
Cyy 13.2 1.2 Chain lenghts
C,, 32.7 4.0 Cr—Cs
Cis 37.9 16.5 with 60 %
Cys 13.2 48.0 ethoxylation
Ciy 3.0 30.2
Phenyl Isomer
distribution
2 phenyl 19.6 15.6
3 phenyl 19.2 17.0
4 phenyl 18.5 16.5
5 phenyl 25.9 19.8
6+7 phenyl 16.8 31.0
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Methods and Materials

The three surfactants used in this study were linear dodecyl benzene sul-
fonate (DBS), linear tridecyl benzene sulfonate (TBS), and a nonionic surfactant
(a blend of two primary alcohol ethoxylates) which were provided by the Soap
and Detergent Association (SDA). Analyses of these surfactants were carried out
by the SDA and are provided in Table 1.

Mayfly larvae (Isonychia sp.) were collected with a dip net from the New
River near McCoy, Virginia and maintained for 1 week at a temperature of
8—10° C with a photoperiod of 12L:12D and 40—70 foot candles illumination.
Bioassays with each surfactant were performed three times within a three week
period. Before beginning a bioassay, mayflies were placed in 3.8 liter glass jars
containing 1.5 1 of dechlorinated Blacksburg tap water with a 4 cm square piece
of plastic screen as a substrate. The tap water was dechlorinated by passage

Table 2. Means and standard deviations of chemical parameters in the highest
concentration of surfactant and controls.

Linear Dodecyl Benzene Linear Tridecyl Benzene
Sulfonate (DBS) Sulfonate (TBS)
32 mgl 32 mg/l 18 mg/l 18 mg/l
Before After Before After
pH 78+02 (8) 75%X02 (3) 17.71X03(3) 7403 (3)

Temperature (°C) 10.3+09 (8) 99%0.7 8) 98+06 (3) 9.9%0.7 (3)
Dissolved

Oxygen (mg/l) 91409 (3) 89+1.0(3) 90+11(®) 87+11 (3)
Total Alkalinity
as mg/1/CaCO, 427125 (8) 41.3+09 (3) 41.3*1.9 (3) 42.7+1.9 (8)
Total Hardness
as mg/l CaCO, 53.3%5.0 (3) 53.3%x75 (3) 54.7+6.8 (3) 50.7%5.0 (3)

() = the numbers in parentheses represent the number of determinations.

Table 2. cont.

Nonionic Blend Controls
18 mg/1 18 mg/l
Before After Before After
pH 7.8%£01 (8) 72%03 8) 75X02 (6) 7.4% 0.2(6)

Temperature (°C) 10.5+0.5 (2) 10.0+0.8 (3) 95+04 (6) 9.8% 1.1(6)
Dissolved

Oxygen (mg/l) 94+14 (2) 53+1.7(3) 91x13 (6) 88% 0.8(6)
Total Alkalinity
as mg/1/CaCO, 40.7+£09 (3) 44.7+34 (3) 88.7%3.8 (6) 34.71+10.3(6)
Total Hardness
as mg/l CaCO, 60.0£8.6 (3) 84.0t42.5 (3) 54.7+6.0 (6) 63.3+23.7(6)

() = the numbers in parentheses represent the number of determinations.
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through an activated charcoal filter. The insects were acclimated to the jars for
24 hours before adding the surfactants, and the jars for both controls and tests
were randomly placed in a water bath. At the beginning of each test, aliquots of
the stock surfactant solutions were added to the jars to provide the desired con-
centrations, then additional dechlorinated tap water was added rapidly to mix
the solution and to provide a final volume of 2 1. The jars were then gently
swirled to insure complete mixing. A 100 ml sample of water for chemical analyses
was removed from each test and control container at the beginning and end of
each test. Dissolved oxygen and temperature were determined daily.

The mayflies were observed at the frequent intervals suggested by Seracuz
(1972) and death was defined as the lack of response to gentle prodding with a
small glass rod. Organisms were immediately removed when dead. Lengths, from
the tip of the head to the base of the caudal filament, of 122 randomly selected
mayflies were measured using a small plastic millimeter ruler. The mean length
was 10.5 mm * 1.8 S.E. Mean dry weight (90° C overnight) of the organisms
was measured on a Mettler balance and was 2.6 mg * 1.4 S.E.

Table 3. EC,,’s and 9590 confidence limits for 24 hr, 48 hr, and 96 hr for each

surfactant.
24 hr 48 hr 96 hr

Linear Dodecyl
Benzene
Sulfonate Mixture 13.6 mg/l 10.4 mg/1 5.33 mg/l
(DBS) (11.0—16.9) (8.8—12.4) (4.23—86.72)
Linear Tridecyl
Benzene
Sulfonate Mixture 4.19 mg/l 2.47 mg/l 1.36 mg/1
(TBS) (8.41—5.15) (1.96—3.11) (1.06—1.76)
Nonionic Blend 5.96 mg/l 3.75 mg/l 2.96 mg/l

(4.73—7.52) (2.95—4.76) (2.44—3.58)

() = the values in parentheses represent 95 %o confidence limits derived
from LrrcuriELD & WiLcoxon (1949).

Mortalities were analyzed to obtain the ECj, (Median Effective Concen-
tration) and time-until-death ETj, (Median Effective Time) values. The data
were evaluated by BMDO0SS Biological Assay, Probit Analysis — Revised
computer analysis (Dixon, 1970). This program was intended for EC;, data, but will
determine “best fit” log — probit lines for ET,’s as well. Confidence limits of
the computer obtained ECs, values and slopes were computed by the method
described by LitcurieLp & Wircoxon (1949). Confidence limits and slopes of
the computer obtained ETj, values were determined by the method described
by LitcurieLp (1949).

Hardness, alkalinity, and pH were determined at the beginning and end
of each bioassay. Dissolved oxygen concentration and temperature were measured
daily using a YSI Model 54 D.O. meter. Hardness was measured by the titrimetric
method described in Standard Methods 18th Edition (1971). Alkalinity was
measured using the bromeresol green — methyl red titration also described in
the 18th edition of Standard Methods. The pH was determined using a Fisher
Accumet Model 210 pH meter (Table 2).
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Table 4. Slopes and 95 %o confidence limits for EC;, regression lines for each
surfactant.

24 hr 48 hr 96 hr

Linear Dodecyl
Benzene

Sulfonate Mixture
(DBS) 2.04 (1.63—2.55) 1.94 (1.66—2.26) 2.32 (1.63—3.32)

Linear Tridecyl

Benzene

Sulfonate Mixture

(TBS) 2.06 (1.72—2.46) 2.28 (1.73—3.01) 2.46 (1.80—3.35)

Nonjonic Blend 2.31 (1.76—3.06) 1.84 (1.38—2.45)  1.88 (1.44—2.44)

() = 9596 confidence limits from LircurieLp & Wircoxon (1949).

Results and Discussion

ECs values for each of the three surfactants are given in Table 3.
Slopes of the curves are reported in Table 4. Statistically significant diffe-
rences between any two parameters were determined by dividing the larger
value by the smaller to obtain a potency ratio (PR) for the ECs’s or a
slope ratio (SR) for the slopes (LircurieLp & Wircoxon, 1949). The ratio
was then compared with the appropriate f-factors using a nomograph in
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Fig. 1. Regression lines for determining ECj’s of the linear tridecyl benzene
sulfonate mixture (TBS) to Isonychia sp.



128 J. M. Dolan I1I, B. C. Gregg, J. Caims, Jr, K. L. Dickson, A. C. Hendricks

LitcHFIELD & WiLcoxon (1949) constructed to determine the 95 %o signi-
ficance level.
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Fig. 2. Regression lines for determining ECy’s of the linear dodecyl benzene
sulfonate mixture (DBS) to Isonychia sp.
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Fig. 3. Regression lines for determining ECsy’s of a nonionic surfactant to
Isonychia sp.



Acute Toxicity of Three New Surfactant Mixtures to Mayfly Larvae

70 T T %8
%0
60 [
80
70
o« 60
=
@ 50l
D so 50
& a0
30
20
ao |
10
30 i Il 1 1 L1l 1 1 1 1 2
' 60 120 240 460 TIO 980 1400 1960 2880 43205760

TIME (minutes)

PERCENTAGE MORTALITY

129

Fig. 4. Regression lines for determining ETy’s for the three surfactants at a
concentration of 18.0 mg/l to Isonychia sp.
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Fig. 5. Regression lines for determining ET;,’s for the three surfacants at a
concentration of 10.0 mg/1 to Isonychia sp.
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The 24hr.,, 48hr., and 96hr. ECs’s for TBS are 4.19, 2.47 and
1.36 mg/1 respectively (Fig. 1). There was a significant difference between
all the ECso values. However, the slopes for each of these time intervals
were not significantly different from each other.

The ECso curves for DBS are given in Fig. 2. Unlike the other sur-
factants, the 24 hr. and 48 hr. ECs, values were not different but the 48 hr.
and 96 hr. ECs’s were significantly different. Again the differences among
the slopes were not significant.

The ECso curves for the nonionic surfactant are provided in Figure 3.
The ECso’s for 24 hr. and 48 hr. were actually not significantly different,
but the overlap of confidence limits was only 0.04 mg/l (Table 3), while
the 48hr. and 96 hr. ECs values were definitely not significantly diffe-
rent, ie. a large overlap. The slopes were not significantly different from
each other.

The time-until-death analysis for the three surfactants at 18 mg/l and
10 mg/l are presented in Fig.4 and Fig. 5, respectively. At both concen-
trations the relationship in these curves was similar. ETs’s were all signi-
ficantly different but the slope of the curves for TBS and the nonionic
surfactant were significantly parallel at 18.0 mg/l, while the DBS slopes
differed significantly from the other slopes (Table 5).

Table 5. ETy’s and slopes and respective 95 %o confidence intervals for time-
until-death analyses with the three surfactants.

Linear Dodecyl Linear Tridecyl Nonionic
Benzene Sulfonate Benzene Sulfonate
(DBS) (TBS)

18 mg/l ET;, 1230 min 281 min. 685
(946-—1598) (202—264) (600—782)

18 mg/l Slopes 2.08 1.46 1.44
(1.71—2.56) (1.33--1.64) (1.32—1.58)

10 mg/l ET,, 5110 309 908
(3240—8080) (255—374) (635—1282)

10 mg/1 Slopes 3.69 1.74 2.68
(2.52—5.40) (1.51—2.00) (2.10—3.44)

Based on the ECso’s the order of toxicity follows: TBS (most toxic),
Nonionic, and DBS (least toxic). The ECso’s were all of the same order of
magnitude (1.8—18.6 mg/l) but many significant differences existed be-
tween values. The time-until-death analyses confirm the same order of
relative toxicity among the surfactants. The slopes of the time-until-death
curves exhibited parallelism between the curves for TBS and the nonionic,
but the curve for DBS was significantly different from the other two. This
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similarity between the curves for TBS and the nonionic at 18.0 mg/l sug-
gests a similar mode of action but additional study would be needed to
determine the mode of action.

MarcHETTI (1965) in a review article reported that in both anionic
and nonionic surfactants the toxicity to fish is generally related to mole-
cular structure. Anionic surfactants are generally more toxic than no-
nionics, though anionics may exhibit considerable variability with the
longer chain lengths being more toxic (MArcHETTI, 1965). The chain length
relationship holds true for the two anionics in this study. The toxicity
of the nonionic was intermediate to the anionics.

Surser & THATCHER (1963) reported that mayfly nymphs (Stenonema
and Isonychia) were killed by 10 days exposure to 16 ppm ABS and
reduced in numbers by 10 days exposure to 8 ppm. HEpworTH (1961) ob-
served a 96 hr. LDj of 5.2 ppm for mayfly nymphs using a nonionic, non-
sulfonated detergent in a static test. Our results confirm those in both of
these studies. SurBer & THATCHER (1963) used a “hard” anionic detergent
which generally has a toxicity of about one-half, i.e. double the ECso, of
the straight chain anionics (MarcuETTI 1965). The 96 hr. EDso of 5.96 ppm
with the nonionic surfactant in these studies agreed very closely with the
results of HepworTH (1961),
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Zusammenfassung

In Bioassay-Tests wurde die jeweilige Toxizitit von geradkettigem Dodecyl-
benzolsulfonat (DBS), geradkettigem Tridecylbenzolsulfonat (TBS) und einer
nichtionisierten, oberflichenaktiven Substanz (der Mischung aus zwei primiren
Alkohol-Athoxylaten) fiir die Larven einer Eintagsfliege (Isonychia sp.) bestimmt.
Die Versuchstiere wurden eine Woche lang bei 8-—10° C und einer Photoperiode
von 12 Stunden Licht zu 12 Stunden Dunkel bei 40—70 ft.cdls. Beleuchtungs-
stiarke in entchlortem Blacksburger Leitungswasser (Hirte 50—65mg/l) gehalten.
Die Tests wurden in Glasgefiflen mit 3,81 Inhalt bei einem Endvolumen von
2,01 durchgefithrt. Logarithmische Regressionslinien, ECy(Median effective con-
centration) und ET;(Median effective time)-Werte wurden i{iber das BMD-Com-
puter-Programm errechnet und die Vertrauensgrenzen, Steigungen und Priifun-
gen der Steigungen auf Parallelitiit untereinander wurden mit der LicHTFIELD-
WiLcoxoN-Methode ermittelt. Folgende Resultate wurden erhalten: fir DBS
96 Std. EC,, = 5,33 mg/l (Vertrauensgrenzen nach LicutrIELD-Wilcoxon 4,23 bis
6,72); TBS 96 Std. EC,, = 1,36 (1,06—1,76); nichtionisierte Mischung 96 Std.
EC;, = 2,96 (2,44—38,58).

Bei 18,0 mg/l waren die ETy-Werte: DBS = 1230 min (946—1598); TBS =
931 (202—264); nichtionisierte Mischung = 685 (600—782). Das Hauptziel dieser
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vorldufigen Tests war die Bestimmung der relativen Toxizitit der einzelnen Test-
substanzen unter vergleichbaren Bedingungen.
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