Ecotoxicological assessment
of surfactants in the aquatic
environment: combined
toxicity of docusate sodium
with chlorinated pollutants

Please, cite as follows:

Roberto Rosal, Ismael Rodea-Palomares, Karina 8 di@ancisca Fernandez-Pifias, Francisco
Leganés, Alice Petre, Ecotoxicological assessmiesurfactants in the aquatic environment:
Combined toxicity of docusate sodium with chloradhpollutants, Chemosphere, Volume 81,
Issue 2, September 2010, Pages 288-293, ISSN (&BE-60.1016/j.chemosphere.2010.05.050.

http://www.sciencedirect.com/science/article/piid86653510006417



Ecotoxicological assessment of surfactants in theaatic environment:
combined toxicity of docusate sodium with chlorinatd pollutants

Roberto Rosdl, Ismael Rodea-Palomate&arina Bolte$, Francisca Fernandez-Pifiasrancisco

Legané§ Alice Petré

! Departamento de Biologia, Facultad de Cienciasydssidad Autbnoma de Madrid. 28049 Madrid, Spain.

2 Departamento de Ingenieria Quimica, Universidadldala, E-28871, Alcala de Henares, Madrid, Spain.

* Corresponding author: roberto.rosal@uah.es

Abstract

The toxicity of perfluorinated surfactants perflaoctane sulfonic acid (PFOS), perfluorooctanoid aci
(PFOA), perfluorobutane sulfonate (PFBS) and PF#&btell as the sulfosuccinate surfactant docusate
sodium has been examined using two bioluminescehdaition assays based on the marine bacterium
Vibrio fischeri and the self-luminescent cyanobacterial recombisiainAnabaena CPB4337. We also
determined multigenerational toxicity towards tmevgth of the alga®seudokirchneriella subcapitata.

With ECso values in the 43-75 mg/L range, docusate sodiumbégd a higher toxicity towards the three
organisms than PFOS, PFOA, PF-656 and PFBS. Waetigaéed the toxicological interactions of the most
toxic surfactant, docusate sodium, with two chlaread compounds, triclosan and 2,4,6-trichlorophenol
(TCP), in their binary and ternary mixtures usihg method of the combination index based on thdaned
effect equation. In general, the binary mixtureha chlorinated compounds triclosan and TCP exddbit
antagonism, which was stronger for the growth ussigPseudokirchneriella subcapitata. Except for the
green alga, the binary mixtures of docusate sodaitin TCP or triclosan showed synergism at medium to
high effect levels; the synergistic behaviour pradating in the ternary mixture and in the thrested
species. This result highlights the potential tolagical risk associated with the co-occurrencehaf

surfactant with other pollutants.

Keywords: Combination index; Synergism; Antagonism; Perfloated surfactants; Anabaena sp.; Vibrio

fischeri; Pseudokirchneriella subcapitata.

1. Introduction

The dissemination of anthropogenic pollutants & th
aguatic environment takes place either by pointeasi
associated to the local discharges or from a leagiety
of activities, the main point-source being theiedfits of
sewage treatment plants. Xenobiotics are a sodirce 0
concern not only due to their specific physical and
chemical properties, but because they are reléased
large and increasing quantities and in complex uned
whose properties are largely unknown. Surfactamts a
synthetic chemicals used in large amounts in vasedf
industrial cleansing processes as well as in coesum
products. Spent surfactants, either from domestic o
industrial use, reach biological treatment unitd,an
eventually, are discharged to the environment.

Perfluorinated surfactants such as perfluorooctane
sulfonic acid (PFOS), perfluorooctanoic acid (PFQAY
their salts find use in formulating paints or cliegan
agents as well as in the production of water impgatine
products. The environmental concern about these
compounds is due to the fact that they are persiated

to Annex B of the Stockholm Convention on Persisten
Organic Pollutants. It has been suggested that PEaDA
be generated from certain precursors during biokdgi
wastewater treatment (Murakami et al., 2009). The
potential substitutes to replace PFOS and PFOAtdre
mainly perfluoroalkyl based surfactants due to the
polarity properties given by the carbon-fluorinentdo

3M Company introduced in 2003 the shorter-chain
compound perfluorobutane sulfonate (PFBS) under the
trade name 3M’s Nové¥. PolyFox PF-656 is a
fluorinated and hydroxylated polyether produced by
Omnova Solutions Inc. Several companies market
products based on sulfosuccinate derivatives wtéch
be an alternative to fluorinated surfactafiscusate
sodium, bis(2-ethylhexyl) sodium sulfosuccinategns
anionic surfactant, potentially bioaccumulative and
widely used in pharmaceutical formulations.
Perfluorinated surfactants been detected in theesif of
wastewater treatment plants at levels of hundréds o
nanograms per liter (Loganathan et al., 2007, Gadb. e
2010). In surface water they appear in highly papad
and industrialized areas such as Yangtze Rivenfich

bioaccumulative. PFOS has been banned in Europe by Jin et al. (2009) reported a median concentratfehd
the Directive 2006/122/EC and has recently beeeddd ng/L for PFOS and 5.4 ng/L for PFOA with peaks as
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high 298 ng/L (PFOA). In drinking water they havsoa
been frequently reported. Ericson et al. (2009ntbup
to 58.1 ng/L (PFOS), 57.4 ng/L (PFOA) and 69.4 ng/L
(PFBS) in municipal drinking water from Catalonia
(Spain). The toxicity of PFBS, PF-656 and docusate

sodium to aquatic organisms has been seldom reporte

with no data for aquatic microorganisms prior tis th
work except a value of 36 mg/L of docusate sodiamaf

48 hDaphnia magna test attributed to CYTEC Industries

and included in the IUCLID Dataset (Carlsson et al.
2006) and a report from NICNAS (2005) indicating fo
PFBS aECs value of 5733 mg/L for 96 h algal growth
inhibition.

Perfluorinated/sulfosuccinate surfactants may auter
with other xenobiotics with an additional cause for
concern due to their ability to solubilize non-pola
compounds (Haig, 1996). There are very few studlies
the toxicological interactions of these surfactanmith
other organic compounds and those reported dealynai
with PFOS (Liu et al., 2008). Chlorinated organic
pollutants have been a subject of extensive relsearc
many of them having been banned in different regonja
schemes. Of particular concern are chlorophenals as
2,4,6-trichlorophenol (TCP) which can originatelie
disinfection of water with chlorine or chlorinated
compounds (Correa et al.; 2003). Triclosan, 5-chlbr
(2,4-dichlorophenoxy)-phenol, is an emergent pafitit
widely used in consumer and professional healtd car
products as disinfecting agent. It has been regdate
reported in natural water and wastewater from #rgy e
detection of 50-150 ng/L of Okumura and Nishikawa
(1996) to the recent work of Rosal et al. (2010pwh
measured an average concentration of 219 ng/Lein th
effluent of an activated sludge sewage treatmeritpl

The objective of this study was to evaluate théviddal
toxicity of the perfluorinated surfactants PFOSCORE
PFBS, PF-656 and docusate sodium towards three
aguatic organisms. In addition, we aimed to asthess
toxicological interaction of the most toxic of the
surfactants, docusate sodium, with two environmnignta
relevant chlorinated pollutants, TCP and triclogzor. it,
we used the method of the combination index (Cl)-
isobologram equation; a method that we have prelyou
used to assess the nature of interactions of lipid
regulators in non-target organisms (Rodea-Palonwres
al., 2010).

2. Material and methods

2.1. Materials

Perfluorooctane sulfonate (PFOS) potassium salbj98
sodium (98%) triclosan (> 97%), TCP (98%), were

obtained from Sigma-Aldrich. PFBS (98.2%) and
Polyfox 656 (PF-656) were kindly provided by the 3M

was purchased from Fluka. PFOA (96%), and docusate f, _(
1-f,

2.2. Toxicity bioassays

The chronic toxicity was determined following tHgad
growth inhibition test following OECD TG 201
Pseudokirchneriella subcapitata open system using 96-
well microplates in which the algae was cultured in
total volume of 20QuL. Other details are given elsewhere
(Rosal et al., 2010b). The results showed that nami
and measured exposure concentrations did not show
significant deviations. Bioassays with the photo-
luminescent bacteridibrio fischeri were performed
according to 1ISO 11348-3 standard protocol (IS@720
This bioassay measures the decrease in biolumimesce
induced in the cell metabolism due to the presehee
toxic substance. The incubation period used invtioik
was 15 min in all cases. The bacterial assay used t
commercially available Biofix Lumi test (Macherey-
Nagel, Germany) in which the bacterial reagent is
supplied freeze-dried/{brio fischeri NRRL-B 11177),
reconstituted and incubated at 3°C for 5 min beifze
The analysis media was 0.34 M NaCl (2% w/v) antstes
were performed at 18 °C and the measurementshdf lig
were made using a microplate luminometer. The
bioassays using the recombinant bioluminescent
cyanobacteriumdnabaena CPB4337 were based on the
inhibition of constitutive luminescence caused gy t
presence of any toxic substance (Rodea-Palomaats et
2009).Anabaena CPB4337 was routinely grown at 28 °C
in the light, ca. 65 mmol photons’s' on a rotary

shaker in 50 mL AA/8 supplemented with nitrate (&I)m
in 125 ml Erlenmeyer flasks and 10 mg/mL of neomyci
sulphate (Nm). Details are given elsewhere (Rodea-
Palomares et al., 2010). The stability of target
compounds under chronic bioassay conditions was
assessed according to OCDE Guidance (OECD 2008). In
this work, analyses have been performed at theastdr

at the end of tests lasting 72Psgudokirchneriella
subcapitata) for the compounds studied in mixtures. The
test has been carried out for the higher conceotrand
for a concentration near E&or each compound using
an HPLC-Diode Array Liquid Chromatograph as
indicated elsewhere. The stability of chemicalshort
acute assays was not examined in view of results
published elsewhere (Rosal et al., 2010b).

2.3. Median effect and combination index (Cl) equations
for determining individual and combined toxicities

The response to toxic exposure in the three
microorganisms was estimated using the medianteffec
equation based on the mass-action law as derived by
Chou and Talalay (1984):

D m
EC,,

Wheref, represents the fraction of the population/system

(1)

Company and Omnova respectively. We avoided the usgfected by a certain dos®, expressed as concentration

of solvents and for the cases in which we reached t
solubility limit at the pH of the bioassay this walhas
been stated as lower boundary.

of toxicant.ECs is the median effect-dose, or the
concentration required to inhibit or affect a systay
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50% (e.g., 50% inhibition of bioluminescence orvgio

or ECsp). The powerm, identifies the shape of the dose-
effect relationship curve, that is hyperbolic, smdal

and negative sigmoidal ifm=1, m>1,andm<1
respectively (Chou, 2006).

The quantification of synergism or antagonism for a
combination of a set af substances (i.e., sodium
docusate, triclosan and TCP) is given by a comiainat
index, CI:

DJ‘
" 3Io]

(B.)
(fax)j /mj
(On), [l_(fax)J]

where(Cl)x is the combination index farchemicals at
x% inhibition (e.g., bioluminescence/growth inhibit);
(D)1 is the sum of the dose pfchemicals that exerts

(D),
(Dx)J

5 @

=1

"(Cl)y = ;

x9% inhibition in combination, B/ 2.1} is the

proportionality of the dose of eachrthemicals that
exertsx% inhibition in combination; and(); {(fa)i/[1-
(f2)i]} Y™ is the dose of each drug alone that exérs
inhibition. From equation 2, Cl < 1, Cl =1 andX1
indicates synergism, additive effect and antagonism
respectively.

Combination index for differerf values can be
determined from the preceding equations togethtr wi
the experimental data from toxicant mixtures (Chou,
2006). The experimental design for sodium docusate-
chlorinated compounds combinations was carriechbat
fixed constant ratio (1:1) based on the individe@ko
values with five levels using a serial dilution tiacof 2
as shown in Table 2. Individual compounds and all
combinations plus a control were tested in at Idase
independent experiments with replicate samples
performed simultaneously.

3. Results and discussion
3.1. Toxicity of individual compounds

Table 1 lists the results of toxicity tests for fwfactants
and chlorinated compounds tested in this work togyet
with their 95% confidence intervals. Confidencesimtls
were determined using a linear interpolation metthad
did not assume any patrticular dose-effect model
(USEPA, 2002). PFOS could be classified as hartoful
Pseudokirchneriella subcapitata (10 mg/L <ECsp <100
mg/L), ECso values were considerably larger for
Anabaena CPB4337 and, particularly, f&fibrio fischeri.
Concerning literature data for PFOS, Boudreau.gt al
(2003) obtainedeCs, values for the 96 h growth
inhibition test orPseudokirchneriella subcapitata of 78.2
mg/L (cell density) and 59.2 mg/L (chlorophyll Aot
very different to those reported here althoughiokth
for a different growth time. The toxicity of PFOAaw
also low, with the loweECs, for Anabaena CPB4337.
Mulkiewicz et al. (2007) measuredELs, of 571.6 +
57.5 mg/L forVibrio fischeri, in agreement with our
value 524 (505-538) mg/L. No previous data on PFOS
and PFOA toxicity is available for cyanobacteria
Literature data for technical surfactants are scahc
report from NICNAS (2005) indicated for PFEEso
values of 5733 mg/L (96 h growth inhibition) and337
mg/L (96 h biomass), both féseudokirchneriella
subcapitata. In our work, we found a much lower
toxicity, with only a 37% growth inhibition at 2025
mg/L. For the other microorganisms, the toxicity of
PFBS was also very low. For the case of PF-656,
luminescence inhibition dfibrio fischeri andAnabaena
CPB4337 was very low for concentrations < 100 mg/L,
but the inhibition of algal growth reached 50% a4
mg/L; so, PF-656 could also be classified as hdrtofu
the green alga. The data showed that the sulfazateci
docusate sodium exhibited a considerable acuteitpxi
for all three organisms and could also be clagsdi®
“harmful to aquatic organisms”; this is the fireport of
docusate sodium toxicity to aquatic organisms as no

Table 1 Toxicity of surfactants and chlorinated compouerigressed &8Cso values (mg/L) with confidence limits

(95% probability) toward®seudokirchneriella subcapitata,

Vibrio fischeri, andAnabaena CPB4337.

Pseudokirchneriella Vibrio fischeri (15 min) Anabaena CPB4337
subcapitata
ECso C.l. 95% ECso C.l. 95% ECso C.l. 95%
(mg/L) (mg/L) (mg/L)
Docusate sodiu 39.t 38.1-40.¢ 74.t 70.€-77.1 43.C 36.€¢-50.1
PFOA 96.2 88.¢-113.% 524 50E-53¢ 72.% 57.9¢-82.¢
PFOS 35.C 34.2-35.F > 50C - 143.2° 120.:-155.¢
PF-65€ 43.C 41.1-44.¢ > 25C" - > 25(™ -
PFBS > 2025(™ - 1752( 1685(-1820( 838¢ 7752-869:
Triclosar 0.03% 0.03¢-0.03¢ 0.9t 0.91-0.9¢ 1.1 0.8¢-1.4¢
TCF 0.061 0.05¢-0.06: 18.4 17.5-19.2 0.37 0.32-0.64

* 12% luminescence inhibition at 500 mg/L

** 15% luminescence inhibition at 250 mg/L

*** | uminescence between 100-250% that of the aaintr
**** 37% growth inhibition at 20250 mg/L
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toxicity values have been reported in the sciemntifi
literature except for the value of 36 mg/L @aphnia
magna (Carlsson et al., 2006).

The data for TCP and triclosan are in agreemeft wit
previously reported value fafibrio fischeri (Hoffmann
et al., 2003), being highly toxic towards
Pseudokirchneriella subcapitata andAnabaena
CPB4337. Concerning triclosan we also obtained high
toxicity in line with other values reported for
Pseudokirchneriella subcapitata andVibrio fischeri
(Orvos et al., 2002; Tatarazako et al., 2004; dehzo
et al., 2008). All toxicants fitted well to the mad-effect
equation except docusate sodiunvihrio fischeri that
clearly deviated from the common sigmoidal or
hyperbolic monotonic shape exhibiting a biphasisedo
response curve (Fig. 1). The logarithmic form of Eq
shows a broken line with a turning point at a dofse
about 55 mg/L. For the computation of Cl (Eq. 28, w
used as reference for docusate sodium acting ohatly
the biphasic response as shown in the inset oflFig/e
also determined that the inflection is not relgtedritical
micelle concentration, that appears somewhat b2@iv
mg/L in the presence of 2% NaCl in solutidflfio

fischeri medium).
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Figure 1. Dose-effect curve and logarithmic median-effdot
for docusate sodium Mibrio fischeri ecotoxicity test (15
min).

3.2. Toxicity of binary and ternary mixtures

From the tested surfactants, the sulfosuccinatacant
docusate sodium proved to be the most toxic taHies
organisms; we used the combination index method t
determine the nature of its interaction with TCHE an
triclosan that were also toxic or very toxic foetthree
microorganisms tested in this work. Table 2 shdves t
dose-effect curve parameters from Eq. 1, nani@jy,m
and the linear correlation coefficient correspogdim the
data in logarithmic formy, (Chou, 2006). These values
are listed together with the combination index (fGh)all
combinations and three degrees of effect levEGs
ECso andECy). The linear correlation coefficient was >
0.97 in all cases indicating the conformity of thega to
the median-effect principle. The data from single

toxicants was used to quantify synergism or antasgon
by applying sequential deletion analysis as indidat
elsewhere (Chou and Martin, 2005). The responses fo
the three microorganisms are represented in Fitgs42
as a function of the fraction affected frés+ 0.05 to

0.95 with explicit indication of their 95% confidesn
intervals as error bars. Some representative sefeult
every mixture are also shown in Table 2. In the
Pseudokirchneriella subcapitata test, the binary mixtures
containing docusate sodium exhibited a strong
antagonism, being their toxicity apparently markgd
docusate sodium with low or negligible contributimin
TCP and triclosan, compounds individually much more
toxic to the alga (Fig. 2). This effect was noteved
either forAnabaena CPB4337 or foWibrio fischeri for
which the difference in individual toxicity of the
chlorinated compounds with respect to sodium ddeusa
was less intense. The binary mixture of triclosat a
TCP were also antagonistic atfallevels in the alga.

1000.0

100.0

Combination index, CI

Figure 2. Combination index plot for binary and ternary
combinations of docusate sodium, triclosan and faCZkhe
Pseudokirchneriella subcapitata growth test: TCP + triclosan
(-o-), docusate + TCP 4-), docusate + triclosand-) and the
ternary mixture (e-). The line at Cl = 1 represents additivity.
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4.5

4.0

3.5

3.0

2.5

2.0

Combination index, Cl

1.5

Figure 3. Combination index plot for binary and ternary
combinations of docusate sodium, triclosan and TaZkhe
Vibrio fischeri test: docusate + TCPA-), docusate + triclosan
(-o-), TCP + triclosan (3-) and the ternary mixture«q-). The
line at Cl = 1 represents additivity.
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Figure 4. Combination index plot for binary and ternary
combinations of docusate sodium, triclosan and TaCkhe
Anabaena CPB4337 test: docusate + T@P)(docusate +
triclosan (o-), TCP + triclosan G-) and the ternary mixture (-

e-). The line at ClI = 1 represents additivity.

The results fowibrio fischeri andAnabaena CPB4337
tests exhibited certain similarities. The binary
combination of docusate sodium and TCP showed a
relatively strong antagonism at low effect levels t
approach an additive or synergistic effect at tlybdstf,

levels. The combination of docusate sodium antbsan
also showed a certain synergism at Higlalues, the
same behaviour was observed for the ternary mixture
Except for the strong antagonism exhibited by tinady
mixtures of triclosan and TCP fat> 0.3, the toxicity
pattern obtained fovibrio fischeri andAnabaena
CPB4337 were similar, with a tendency to synergagm
higher levels of effect. The presence of sodiunudate
in the ternary mixture resulted in a synergistibdegour
for the three organisms. In the case of the grég) a
synergism predominated only at hiighlevels fa > 0.6);
in Vibrio fischeri, synergism was found & levels
greater than 0.5 (Fig. 3) whilst Anabaena CPB4337,
synergism of the ternary mixture was evident almost
throughout the whol& range as shown in Fig. 4. A
correlation analysis between CI values suggestshba
binary interactions of mixtures containing docusate
sodium predominated in the three component mixture
both for Anabaena CPB4337 and/ibrio fischeri. For the
case ofPseudokirchneriella subcapitata the result was
opposite, with a higher correlation with the mixeuf
triclosan and TCP.

Risk assessment tools are usually based on single
component data, a procedure which may lead to a

Table 2 Dose-effect relationship parameters and mean watidn index (Cl) values of docusate sodium, tisaln
and TCP in their binary and ternary combinationsPeudokirchneriella subcapitata, Vibrio fischeri andAnabaena

CPB4337 tests. (Synergism emphasized in bold).

Anabaena CPB433

Dose effect parameters Cl values
EC50 (mg/ L) m r EClo EC50 ECgo
Docusate+Triclose 12.7 4.8t 0.98: 0.73+0.12 0.43+0.11 0.29+0.24
Docusate+TC 8.5¢ 3.44 0.971 1.53+0.5 0.47 £0.10 0.17 £0.01
Triclosan+TClI 1.6F 0.72 0.97¢ 0.34+0.04 2.11+0.1¢ 12.8+ 3.7¢
Docusate+Triclosan+TC 7.87 2.09 0.974 0.89 +£0.30 0.66 £0.19 0.61 +0.07
P
Pseudokirchneriella subacpitata
Dose effect parameters Cl values
ECso (mg/L) m r ECuo ECso ECa
Docusate+Triclose 39.¢ 1.32 0.98( 30.3+6.! 14.7 + 1. 76+1.:
Docusate+TC 46.2 0.8¢ 0.997 523 +20¢ 933 + 11« 1724 + 76!
Triclosan+TCI 0.2¢ 2.01 0.97¢ 11.1+£1. 4.60 + 0.3 1.92+0.4
Docusate+Triclosan+TC 0.54 3.00 0.972 4.3+ 0.7 1.17+0.09 0.33+0.05
P
Vibrio fischeri
Dose effect parameters Cl values
ECso (mg/L) m r ECuwo ECso ECq
Docusie+Triclosal 6.8¢ 3.1¢ 0.97¢ 2.16 £ 0.1 1.01 £0.0! 0.69 +0.03
Docusate+TC 22.F 1.1¢ 0.99( 0.96 + 0.0 1.01+ 0.0: 0.64 +0.06
Triclosan+TCI 8.5¢ 2.41 0.991 1.77 £0.0! 1.26 £0.0; 1.01 £0.0;
Docusate+Triclosan+TC 12.8 4.46 0.987 3.00£0.13 1.05+0.03 0.52+£0.02

P

The parametens), ECsp andr are the antilog of-intercept, the slope and the linear correlatiosfficient of the median-effect
plot, which signifies the shape of the dose-eftert/e, the potency (&g, and conformity of the data to the mass-action la
respectively (Chou and Talalay, 1984; Chou, 2@&) andm are used for calculating the Cl values (equatiQrC8x 1, Cl = 1,
and ClI > 1 indicate synergism (Syn), additive dffédd), and antagonism (Ant), respectively.iEECsoandECy, are the doses
required to reach a response inhibition of 10%, %0#b 90%, respectively.
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misestimation of the actual risk associated witnplex
mixtures. The classic models for the prediction of
mixture toxicity, concentration addition and indedent
action, are based on simple assumptions on the wfode
toxic action (Teuschler, 2007). The idea is misiegas
the mode of action have proved irrelevant aftengei
demonstrated that toxicological interactions, ngmel
synergism or antagonism, can occur irrespectivaef
primary mode of action (Chou, 2006). Moreover, the
mode of action of a substance as toxic in envirartaily
relevant conditions is largely unknown and differfem
different organisms and trophic levels. Cleuve0@
noted that, even for substances such as drugsewhos
biochemical mechanism is known, the action in anon
target organism, once released in the environnignts
essentially unknown. Liu et al (2008) have repotted
PFOS may increase the membrane fluidity and
permeability to hydrophobic substances. If this s
case, a synergistic effect would be expected asrgen
rule in binary mixtures PFOS-organic compounds;
however, Liu et al. (2009) reported a synergisffiec

PFOS-PCP but antagonism in the binary mixtures RFO

diuron and PFOS- atrazine in the green &ggedesmus
obliquus; the authors indicated that PFOS may
differentially affect the toxicity of structurallgifferent
compounds stressing the effect of hydrophobicity
between the compounds they tested. In this work we
present data on the interactive effects of oneastant,
docusate sodium whose toxicity to aquatic organisass
been tested for the first time in this work, witot
chlorinated compounds; we have made binary and,
ternary mixtures, finding that particularly in tte¥nary
mixture, docusate sodium increased the toxicitiyaih
chlorinated compounds in the three tested organgiths
the difference that synergism was present in awide
range of effect levels in prokaryotes (particularly
Anabaena CPB4337) than in the eukaryotic green alga;
the observed synergism indicated a potential
toxicological risk associated with the co-existente
docusate sodium and other organic pollutants im&gu
environments. It has been stated that the interact
surfactants and chemicals, including other surfasta
affects different functions and multiple cellulasponse
targets. Such interaction generates a complex dasifa
events in biological systems that cannot be sunz®ari
in a simple pattern (Wei et al., 2009). As a consege,
synergism or antagonism may occur independently of
similar or dissimilar mode of action and, with tharent
knowledge of toxicity mechanisms cannot be predicte
On the other hand, ecotoxicity studies conducted on
several species and trophic levels may show a cigipl
different response to the same toxicant mixture.
Moreover, the nature of the interaction may depamd
the effect level, but we found is a general tengiaric
mixtures to exhibit synergistic responses as tlempine
more complex. In a preceding work we proved that
mixtures of several fibrates in wastewater showed a
synergistic behaviour practically all over theange,

while the same compounds in pure water were
antagonistic in binary mixtures (Rodea-Palomared.et
2010).

4. Conclusions

We derived the median effect dose of the perfluddd
surfactants PFOS and PFOA as well as those ofaever
alternative surfactants that including docusateusod

and the fluorinated substances 3M’'s PF-656 and PFBS
Docusate sodium showed the highest toxicity to
Anabaena CPB4337 andibrio fischeri and exhibited a
similar toxicity than PFOS and PF-656 towards algal
growth. Both PFOS and PF-656 were, however, nat tox
to Anabaena CPB4337 anibrio fischeri. PFBS

exhibited significant toxicity only towards the akg
Pseudokirchneriella subcapitata. The data indicated that
docusate sodium can be classified as “harmful t@aec
organisms” for the three species tested in thikwbine
chlorinated compounds triclosan and TCP were highly
toxic toPseudokirchneriella subcapitata.

he application of the combination index (ClI)

obologram method to mixtures of docusate, tranos
and TCP, showed that they behaved antagonistifally
most binary mixtures that turned into synergistic i
ternary mixtures for the three organisms and &t lem a
certain range of effect. Fémnabaena CPB4337, also the
mixtures of docusate sodium and triclosan were
synergistic all over the range of effect levelse Toxicity
pattern obtained fovibrio fischeri andAnabaena tests
were similar due most probably to the prokaryotitune
of both. The increased toxicity of the ternary mets
containing sodium docusate suggested a potergial ri
associated to the co-occurrence of this surfagtéht
other xenobiotics in the same environments thadsiee
further research. This displacement from antagiortist
synergistic behaviour in complex mixtures may leamn
important underestimation of mixture toxicity when
assuming additive behaviour from single component
data.
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