
Histol Histopathol (2001 ) 16: 1091-1095 

001: 10.14670/HH-16.1091 

http://www.hh.um.es 

Histology and 
Histopathology 
Cellular and Molecular Biology 

Comparative study of the acute 
toxicity of anionic surfactans alkyl benzene 
sulphonate (ABS) and sodium dodecyl sulphate 
(50S) on gilthead, Sparus aurata L., eggs 
M. Rosety, F.J. Ordonez, M. Rosety-Rodriguez, J.M. Rosety, I. Rosety, C. Carrasco and A. Ribelles 
Department of Morphological Sciencies. School of Medicine. University of Cadiz, Spain 

Summary. In the present work we have evalu ated the 
acute toxicity of two anionic surfac tants, alkyl benzene 
sulphonate (A BS) and sodium dodecy l sulphate (S DS) to 
eggs of g ilth ead Spa rlls aura /a . At eac h sur fac tant 
concentration, we determined the exposure time required 
for 50% mortality of the eggs (LT50), sur face tension 
and volume of oil globule in gilt head eggs. 

Clear dose-response relationshi ps fo r mort alit y of 
gilthead eggs was observed fo r both tox ica nts; at 30 
mglL 50% mortali ty took place at 45 minutes for ABS 
and 8 minutes fo r SDS. At this concentration, SDS was 
a lm os t s ix tim es mo re toxi c th a n A BS ( LT5 0 is 
co mp are d). Howeve r, a t 0 .3 mg/ L 50 % mo rt a lit y 
occurred after ex posures of 535 minutes to ABS and 425 
minutes to SDS. Descriptive ly, our results showed SDS 
was more tox ic than ABS at high concentrations whereas 
at low co nce ntrations their tox icity was very simil ar. 
However, statisti cal analysis demonstrated there were no 
signi ficant di ffe rences in the tox icity of both surfactants 
to gilthead eggs . 

Surface tension value at each concentration of both 
sur fac tant s was also ca lcul ated. We fo und th at these 
values decreased with increas ing concentration of each 
surfac tant , and thi s trend was mo re pronoun ced in 
solutions of SDS. We also fo und th at the volume of the 
o il g lob ul e of exp ose d eggs was in flu e nced by 
surfactants. After exposure, it s volume clea rl y decreased 
in compar iso n to controls, mainl y in eggs ex posed to 
SDS. 
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Introduction 

Surfa ct ants are signi fica nt components of severa l 
co nsum e r p ro du c ts , s uc h as laundr y de te rge nt s , 
shampoos, toothpas tes and cosmetics (Belange r et al. , 
1995) . Th ey a re a lso an import ant co mp o ne nt of 
dispersants whose use in oil spill clean-up programs has 
been co ntin ua l fo r many years (Hatch er and Larkum, 
1982). 

Co mbin ed worl wide consumpti on of sur fac tants 
(a nionic, cat ionic and non-ionic) was estimated to be 15 
million metric tons in 1989 (Berth and Jeschke, 1989). 
Among ani oni c surface-active age nts, alkyl be nzene 
sulphonate (A BS) and sodium dodecy l sulphate (S DS) 
are two of the most widely employed. 

These sy nthetic compounds are eas il y int roduced 
th rough wastewater discharges to seas and rivers where 
certain classes of surfactants ca n be present at suffi cient 
co nce ntrati ons to ca use tox ic it y problems to aqu ati c 
organisms. For these reasons, detergents have become a 
prob le m of co nce nrn in aq uati c sys tems and th e ir 
detrimental effects may be clearly demonstrated. 

The sa ltwa ter teleos t gilthead (Sparus aura l([ L. ), 
was used as a test species because it is widely distributed 
a lo ng th e so uthat lanti c coas t o f Spa in a nd fo r it s 
import ance in th e fishin g industry and aqu aculture 
(Drake et al. , 1984). In addition, it is se nsitive to any fa ll 
in th e disso lved oxyge n conce ntration (A ri as et a l. , 
1976), which made it a useful test species in the study of 
pollutants that affect the oxygenation of the water. Eggs 
we re used beca use ea rli e r li fe s tages of ma rin e 
orga ni sms have bee n fo und to be more se ns iti ve to 
pollutant stress than adults (Mohan et al. , 1983; K wain 
and Rose, 1985; Dave and Xiu, ] 991) . 

Acute toxic effects of anionic surfactants on aqu atic 
species have been studied mainly in juvenile and adult 
li fe stages (Okuwosa and Omoregie, 1995; Ribell es et 
al. , 1995a, b; Rosety et aI. , 2000). The effec ts of thi s 
phenomenon on the ea rl y deve lopment al stages have 
rece ived littl e attention (Ankley and Burkhard, 199 1; 
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Kusk and Petersen, 1997). 
For the reasons already mentioned, this study was 

conducted to evaluate and compare the acute toxic 
effects of anionic surfactants ABS and SOS on the eggs 
of giltheads, Sparus aurata L.. The main objective of 
this work was to determine the exposure time required to 
cause 50% mortality (LT50) in exposed eggs at the 
concentrations of: 0.3, 3, 6, 15 and 30 mglL. In addition, 
we calculated the surface tens ion value at each tested 
concentration and examined the influence of both 
surfactants on the oil globule volume of gilthead eggs. 

Materials and methods 

Chemicals 

The anionic surfactants used in this experience were 
alkyl benzene sulphonate (ABS) R-CHrC6H6-S0:lNa 
with a purity of 80-85 % and sodium dodecyl sulphate 
(SOS) CH3(CH 2) 11-0-S03 Na with a purity of 99%, 
both F1uka brand. 

Both anionic surfactants were dissolved quickly and 
completely in de-ionized water to form a stock solution 
of each one, which was added directly to the seawater to 
obtain the desired concentrations (0.3, 3, 6, 15 and 30 
mg/L of ABS and SOS). It should be mentioned here 
that test concentrations were adjusted for the purity of 
the compounds. 

Employed seawater proceeded from a well and was 
filtered through activated carbon and aerated 1 day 
before use. The physicochemical characteristics of 
seawater before adding surfactants were as follows: 
salinity 30%0, pH 7.4, temperature 19.5 °C, dissolved 
oxygen 8.0-8.6 mglL, total hardness 100 mg CaC03 / L, 
surface tension 72.7 mN/ m. Although no chemical 
disinfectants were used, bacteriological tests (Brilliant 
green bile broth, Azide dextrose broth and SPS Agar, all 
MYC Oiagnostica brand) did not reveal contamination 
due to aerobic or anaerobic microorganisms. 

To avoid variations in surfactant concentrations by 
biodegradation, test solutions were changed every 6 
hours in those lots where the duration of the experiment 
was longer (Flores et aI., 1980). 

Eggs 

We used a total of 1,100 gilthead eggs derived from 
a culture unit at the Institute " Sancti Petri" (San 
Fernando, Cadiz, Spain). In this experiment, ovulation, 
s permiation and the consequent fertilization were 
spontaneous during the physiological reproductive cycle 
of this species (Arias, 1980; Camus and Koutsikopoulos, 
1984). 

Gilthead egg, examinated under a light microscope, 
was spherical , buoyant, tranparent, non-adhesive and 
colorless. They measured 1.03±0.02 mm (n=20) in 
diameter and weighed 44.6±2.05 pg (n=20). They also 
contained a single oil globule with a mean volume of 
0.0044±0.0006 ,al (n=20). Employed eggs were <2 hours 

old at the begining of each exposure. 

Test method 

The acute test consisted of exposing groups of ] 00 
eggs at similar test solutions (0.3, 3, 6, 15 and 30 mglL) 
of ABS and SOS in plastic exposure chambers (lOx 8x 
7.5) which held water volumes of approximately 450 ml 
each. A control tank with 100 eggs was maintain ed 
under identical conditions without the addition of ABS 
or SOS. All the concentrations and the control were set 
in triplicate. 

We observed the eggs in each tank with a 
magnifying glass and counted the eggs that lost 
buoyancy. In agreement with Zanui (1975), eggs that lost 
buoyancy and tended to lie down on the bottom of the 
tank were considered dead. 

Furthermore, when we examined the eggs lying on 
the tank bottom, we observed that parts of their content 
turned opaque and white , which according to Oyen et al. 
(1991) and Stouthart et al. (1994) clearly indicated that 
they were dead . It should also be mentioned that dead 
eggs were imm e diately removed to prev e nt fungal 
growth. 

For surface tension analysis, water samples were 
taken inmediately after 50% mortality of the eggs was 
observed at each concentration employed . The 
determination of surface tension was done using a 
tensiometer (Lauda TE I C/2 with SAE + KM3) 
supported by a computer (Epson). 

At the same time, 20 buoyant eggs from each tank 
were collected to measure the volume of the oil globule. 
These eggs were s tained with Red Oil ° and Black 
Sudan B (Barka and Anderson, 1963) and examined 
under a light microscope (WILD TYP 355110, 10 x 4 
magnification). The volume of the oil globule was 
calculated using the formula of the sphere: V = 4/3n x 
r:l, in which V is the volume, Jt is equal to 3.1416 and r 
is the radius of the oil globule obtained from its diameter 
measured with a graduated ocular. 

Statistical analysis 

Data referring to diameter, weight and oil globule 
volume of gilthead eggs as well as surface tension values 
were expressed as Means ± (SO). We also calculated the 
95 % confidence intervals for the LTSO's. To predict the 
toxicity at each surfactant concentration (range 0.3 to 30 
mglL), we carried out a single regression analysis using 
the method of least squares (Zar, 1996). The percentage 
of mortality was the variable log transformed to make 
tir e statistical analysis for making biological 
conclusions. We compared the slopes and after this first 
approach we compared the two elevations. 

Results 

The exposure tim e required for 50% mortality 
(LT50) of the eggs at different concentrations (0.3, 3, 6, 
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IS and 30 mglL) of ABS were 535 (541-530),370 (374-
365), 195 (198-191), 99 (102-97) and 45 (47 .3-44) 
minutes respectively. For SDS, the results were 
respectively: 425 (429-421.8) , 270 (272.5-267), 102 
(103.6-100.4),38 (40-36.9) and 8 (9.1-7) minutes. These 
results are summarized in figure 1. It shows us that for 
both surfactants, the LT50 's decreased progresively with 
increasing concentration. 

The surface tension value in control water was 72.7 
mN/m. At 0.3, 3, 6, 15 and 30 mg/ L of ABS surface 
tension values were respectively 69.8±2.1, 65.5±1.8, 
61.8±2.0, 54.6±1.7 and 49.6±1.8 mN/m. For SDS the 
results were respectively 65.4±1.6, 60.2±1.8, 57.3±1.6, 
49.9±1.4 and 44.1±1.7 mN/m. Surface tension values 
decreased progressively with increasing surfactant 
concentration. 

Another important aspect was to assess the influence 
of surfactants on the volume of the oil globule of live 
and buoyant gilt head eggs. Microscopic examination of 
eggs exposed to ABS showed that the volume of the oil 
globule decreased from 0 .0040±0.0004 ,Ill at test 
initiation to 0.0034±0.0005 ,Ill at 0.3 and 30 mg/ L 
respectively. For SDS, at 0.3 mglL it reached as low as 
0.0039±0.0003, and at 30 mg/ L its volume was 
0.0031±0.0004 IiI. As ocurred with the LT50 values, the 
volume of the oil globule decreased progressively when 
the surfactant concentration was increased. 

Discussion 

Exposure to anionic surfactants ABS and SDS 
clearly caused detrimental effects on gilthead eggs. At 
0.3 mg/ L of both surfactants, negative effects became 
apparent through elevated mortality, decreased surface 

Exposure time required 
lor 50% mortality 

(minutes) 

0.3 3 6 

tension value and a reduction in oil globule volume. As 
one might expect, at 30 mglL all these effects were more 
pronounced. 

Clear dose-response relationship for mortality of 
eggs was observed for both surfaetants. This result was 
in accordance with those reported previously by Ribelles 
et al. (1995a,b) and Rosety et al. (1997,2000) using 
SDS. 

At 30 mglL ABS, the 50% mortality took place at 45 
minutes and in the case of SDS it happened after 8 
minutes. At this concentration, SDS seemed to be 6 
times more toxic than ABS (based on LT50 's). On the 
other hand, at 0.3 mglL ABS the LT50 was 525 minutes 
and for SDS it was 435 minutes. At this concetration 
both surfactants exhibited similar toxicity. 

Descriptively, the results reported above indicated 
that SDS was more toxic than ABS mainly at high 
concentrations. However, statistical analysis through the 
simple regression analysis by the method of least squares 
concluded that no significant differences in toxicity were 
observed between the surfactants (texp = 1.170 and too = 
3.8; texp < toe ). 

It is well documented that eggs and larvae are much 
more sensitive than adults to heavy metals (Mohan et aI., 
1983; Dave and Xiu, 1991; Sayer et aI. , 1991) and acid 
stress (Rombough 1982; Kwain and Rose, 1985). 
Ribelles et al. (1995a,b) reported that the 96 h LT50 of 
SDS for juvenile giltheads was 6.1 mglL. In our study, 6 
mglL of SDS killed 50% of the eggs in only about 102 
minutes. This result indicates that eggs are more 
sensitive to surfactants than older life stages. 

Related with the toxicity of anionic surfactants on 
early life stages of fish, Ankley and Burkhard (1991) 
reported results about the effects of linear alkylbenzene 

IIABS I 
ISOS 

15 30 

Concentration 01 ABS and SOS (mg/L) 

Fig. 1. Effects of different 
concentrations of anionic 
surfactants ASS and SOS on 
gilthead Sparus aurata . eggs. 
Each value is an average of 
three experiments. 
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(LAS) on larval stage of Ceriodaphnia dubia . The 48 h 
LT50 calculated using the trimmed Spearman-Krabbe 
method was 4.62 mg/L. Although difference s in 
experimental conditions require one to proceed with 
caution, these data suggest that C. dubia is less sensitive 
to surfactants than gilt head eggs. As proposed by Ankley 
and Burkhard (1991), it appeared to be mainly due to the 
fact that C. dunia was very tolerant to low dissolved 
oxygen concentrations. 

The question arises how surfactants exert their toxic 
action on the developing embryo. The mechanisms by 
which surfactants produce their effects have not been 
well understood (Helenius and Simmons, 1975). It is 
thought that the fall in surface tension induced by 
surfactants is the main cause of death (Prat and Giraud, 
1964; Mann, 1972). Bock (1965) carried out extensive 
observations of this phenomenon and concluded that 
water with surface tension values below 50 mN/m were 
toxic to the normal development of marine fauna. 
However, it has also been claimed that surface tension 
has little to do with the toxic effects of detergents on 
fishes (Muller, 1980). 

The decrease of surface tension values with 
increasing the concentration was in accordance with 
results of Rosety et al. (1997, 2000). In our experience, it 
reached as low as 49.6 mN/ m and 44 .1 mN/m at 30 
mglL of ABS and SDS respectively. Even lower values 
(42.3 mN/m) have been measured in the Bay of Cadiz, 
Spain (Flores et aI., 1979). The increase in toxicity 
coincides with decreasing surface tension and therefore 
it appears to be an important mechanism for the acute 
toxicity of surfactants. 

Thoraugh (1992) reported that surfactants may 
disrupt biological membranes and subcellular organelles, 
as well as disturbing the functions of some enzymes. In 
agreement with Sprague (1976) and Mallat (1985) this 
study could not confirm a single cause of death. Rather, 
the decrease in surface tension, destruction of biological 
membranes and subcellular organelles as well as the 
alteration of the functions of some enzymes, may have 
been the main causes of death of gilt head eggs exposed 
to ABS and SDS. 

Although extrapolation from the laboratory to the 
field requires caution, the results of this experiment 
suggest that gilthead populations in nature are seriously 
threatened at ABS and SDS concentrations of 0.3 mglL. 
This finding is quite important if we take into account 
that concentrations of 0.12 mglL of anionic surfactant 
LAS have been encountered in the Bay of Cadiz (Spain, 
36Q30' N, 6Q15 ' W) at a distance of around 5 km from 
the discharge point of an untreated urban effluent 
(Gonzalez-Mazo et aI., 1997). 

For the reaso ns already mentioned , continual 
discharges of these pollutants through effluents that 
either are untreated or receive inadequate secondary 
treatment may lead to a long term decline or eventual 
extinction of this species. Moreover, because gilt heads 
are an important link in the food chain, its death via 
exposure to surfactants may imbalance th e littoral 

ecosystem. 
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