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Abstract

Toxicity and identification of LAS were investigated on rainbow trout
(Oncorhynchus mykissy exposed to LAS at various concentration levels in
aquarium, The lethal level of LAS was 12.5 mg/L in single dosc and 13.5
mg/L in progressive doses. The accumulation of LAS in the organs such as
gill, heart, stomach and liver were determined by metachromatic method with
azur A and toluidine blue. The LAS dbsorbed on tissue is colored red in
examtination on microscope. This is the first record in the literature using
metachromasy for biological trace of L.AS in tissue.

Keywords: Toxicity, LAS, metachromasy, rainbow trout

Introduction

LAS, Linear alkylbenzene sulfonates is not a homogeneous
‘compound. It is composed of homologues and isomers which
occured during its preparation from LAB. It contains alkyl
groups of Cg - Ci6 .

Many papers have been published on the toxicity of LAS in
marine organisms such as Ceratopteris thalictroides (Sing and
Devi, 1989), Gammarus olivii (Topguoglu et al., 1992),
Carcinus mediterraneus (Venezia et al, 1988), Gobius
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*melanostomus (Unli and Topguoglu, 1977), Oryzian lapites
(Wakabayashi and Onizuka, 1986), goldfish (Tsai and McKee,
1978) and Salmo gairdneri (Spehar et al.,1979). Labeled LAS (
S* ) was used to determine toxicity in carp (Kikuchi ef al., 1978
- 1980), in Proterorhinus marmoratus (Topguoglu and Birol,
1982). The chain lengths of LAS and hardness of water affected
toxicity of LAS (Wakabayashi ef al., 1980).

Many papers were published on the effect of LAS on gill. The
accumulation of LAS in fish organs was investigated at, as in
gill (Abel, 1974). Gills were found to be covered with mucus in
case of fish exposed to the detergent. (Misra et al., 1985). The
detergents thicken the gill epithelium that influences the rate of
respiration, subsequently alter the respiratory function and the
hydromineral balance (Rusas ef al, 1988). Sublethal
concentration of surfactants is accumulated on the gill
epithelium of fish and changed the lipid composition of the
tissue and affected the production of mucus and also partially
destroyed the epithelium chloride cells (Abel and Skidmore,
1974).

Higher concentration of surfactant was found in hepatopancreas
and kidney than in gill. An additive toxicity was noticed in
rainbow trout for mixture of anionic detergents ABS and LAS
and copper and mercury (Calamari and Marchetti, 1973).

The effects of LAS on enzymatic systems were aiéo investigated
on liver and gill by Gupta er al, (1988) and on plasma
parameters of O. mykiss by Koc et al., (2001).

The methods used for determination of LAS are MBAS
(Standard Methods, 1995), HPLC (Marcomini and Giger, 1987; .
Terzic et al., 1992; Terzic and Ahel, 1993; Kog ef al., 2001)
and metachromatic (Gliven ef al., 1994). Metachromasy
phenomenon which was used in this work for identification of
LAS in tissue was first indicated for histological staining of
particular tissue elements in animal (Ehrlich, 1887). It was based
on the change of the absorption band of dyes from long to
shorter wavelengths (Lison, 1935). LAS was identified by thin-
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layer chromatography (Akmcir and Giiven, 1994) and also
determined by the same methods using various metachromatic
dyes (Giiven ef al., 1994) .

In this work lethal level and accumulation of LAS were
investigated on the tissues of rainbow trout (Onchorhynchus
mykiss).

Material and Method

LAS (97%) was obtained from Lever, Gebze, Turkey.

The solvents used:Ethanol (Tekel, Turkey), the other solvents
and chemicals were Merck products. .

Dyes: Azur A (Gurr), toluidine blue (Fluka) of 0.1% solution in
water.

Rainbow trout weighing 300-15g was obtained from a farm in
Balbikesir, Turkey. '
Aquarium in glass, containing 250 L tap water.

LAS was determined before and after its addition in aquarium
by MBAS (Standard Methods, 1995) . 800ml sample was taken
from aquarium for each analysis. The standard curve of LAS
~ was plotted by MBAS method in a concentration of 0.2-2 ng /
ml The absorbance was read at 652nm in a spectrophotometer
(Shimadzu UV-Visible, 1601)

Toxicity assay

The test was made in aquarium containing 250 L tap water,
which was passed through carbon filter for dechlorination, then
areated. The fish were inserted mto the tank and aeration
continued during the experiment.

Each experiment was made on three samples of rainbow trout
{Onchorlynchus mykiss) and totally 40 animals were used. The
control was made on rainbow trout in another aquarium where
LAS was omitted . Feeding stopped 2 days prior to and
throughout the experiment.
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- .deicity test was made by addition of LAS to tank as: -
1. Cumulative addition 12.5 mg / L at single dose.
2. Progressive addition 4.5 mg / L of LAS per day.

The animals were frozen after death, the sections (3-10pm)of
gills, heart, hepatopancreas and stomach were taken with
Frigocut Reichert ~ Jung (Model 2800). They were frozen in a
freezer Shandon Crxomatrix frozen specimen embedding
medium cat. No. Far. 2800. One drop of azure A or toluidine
blue was added to each section and examined under microscope
then photographed.

Resuit and Discussion

The equations of the standard curves of LAS are;

for MBAS method y=0.038xC +0.0196 r=0.998
Lethal dose of LAS is found in cumulative assay as 12.5 mg /L
in one day and in progressive assay totally 13.5 mg in 3 days.

According to these findings toxicity of LAS was similar when
given in either cumulative or progressive dose.

LCsq value of LAS was reported as 0.36 mg / L (untreated) and
29.5 mg / L treated water in activated sludge for 96 h in rainbow
trout jouvenile at 18°C (cited by Spehar et al, 1979). Our results
on adult rainbow trout are lower than this finding.

The accumulation of LAS in various organs was determined by
autoradiography and liquid scintillation counting technique
(Kikuchi et al, 1978,1980; Topguoglu and Birol, 1982:
Wakabayashi et al., 1980; Wakabayashi and Onizuka, 1986, In
this work a new technique was proposed based on
metachromasy. The examination was made as on described
above.

Bioaccumulation of 1.AS in tissues are shown in Fig. 1-6. The
figures show the surface of these tissues in dark coloured pink,
azur A.
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In actual photographs the red tissues showed that LAS had been
absorbed by the surface of gill, stomach and heart.

We found that the surfactants were readily absorbed and
distributed throughout the body tissues of the fish.

The metachromatic dye, used in determination of LAS, appeared
in the heart, thus indicating that LAS had been also absorbed by
that organ. In our earlier paper, it was shown that LAS after
absorbtion was transfered to blood and affected plasma
parameters (Kog ef al., 2001). :

On dyeing with metachromatic dyes the absorption ranked as:
Gill > stomach > heart

The colour surface areas of gills, as dyed by azur A or Nile blue
are larger than other tissues. This finding indicated greater
absorption had occured in gill, thus supporting the findings of
Abel (1974). '

No appreciable difference was noted between azur A and Nile
blue or the other metachromatic dyes.

The proposed technique is quick and simple for identification of
LAS accumulated in tissue. It is first to use azur A, a
metachromatic dye, to trace the absorption of LAS in tissues for
biological tracing.

References

Abel P. D. (1974). Toxicity of synthetic detergents to fish and aquatic
invertebrates. J Fish. Biol. 6:279-298.

Abel P. D., Skidmore J. F. (1974). Toxic affects of an anionic
detergent on the gills of rainbow trout. Water Res. 9: 759 ~ 765.

Akmei, S. and Giiven, K.C. (1992). The identification of anionic

detergents by thin-layer chromatography. Acta Pharm. Turc, 34.121-
126.

201



Alabaster, J. S. (1978). Aquatic toxicology : A new eiement in the
safety testing of surfactants. J. Amer.0il. Chem. Soc. 55 ~ 181.

Calamari, D., Marchetti R. (1973). The toxicity of metals and

surfactants to rainbow trout (Salmo gairdneri). Water Res. 7: 1453 -
1463.

Ehrlich, P. (1887). Baitrage zur kenntniss de Anilin farbungen and
ihrer vervendung in de mikroskopischen Technik . Archiv F. Mikrosk.
Anatomie. 13: 263-277.

Gupta, B.N., Mathur, AK., Agarwal, C. and Singh, A., (1989). In
vitro affects of linear alkylbenzene suiphonate (LAS)on some
enzymes in liver and gills of the teleost Channa punctatus. Bull
Environ. Contam. Toxicol. 42 : 375 -381.

Giiven, K.C., Giirakin, N., Akmncy, S., Bektas, A., and Oz, V. (1994).
Metachromatic method for the assay of LAS in town and sea water.
Acta. Pharm. Turc. 34: 136-140.

Kikuchi, M., Wakabayashi, M., Kojima, H. and Yoshida, T. {1978).
Uptake, distribution and elimination of linear alkylbenzene sulphonate
and sodiumalkyl sulphate in carp. Ecotoxicol Environ. Saf. 2: 115-
127.

Kikuchi, M., Wakabayashi, M., Kojima, H. and Yoshida, T. (1980).
Bioaccumulation profiles of used *S-labeled sodium akkyl poly
(oxyethylene) sulfates in carp. (Cyrinus carpio ) Water Res. 14. 154 —
158,

Kog, H., Gezgin, T. and Giiven, K.C. (2001). Determination of LAS
by HPLC Method. Turkish J. Mar. Sci 7: 85-92.

Kog, H., Gitven, K. C. and Hacibekiroglu, M. (2001). Effect on LAS
on plasma parameters of Oncorlynchus mykiss. Turkish J Mar.Sei.
7:189-193.

Lison, L. (1935). Ftude sur metachromasic colorants
metachromatiques et substances chromotropes. Archive de Biologie
46:599-668.



Marcomini, A., Giger, W. (1987). Simultaneous determination of
linear alkylbenzene sulphonates, alkylphenol polyethoxylates and
nonyl phenol by high performance liquid chromatography. Anal.
Chem. 59: 1709-1715.

Misra, V., Lal, H., Chawla, G., and Viswanthan, P. N., {1985).
Pathomorphological change in gills of fish fingerlings Cirrhina
mrigala by linear alkyl benzene sulphonate. Exofoxicol Environ. Saf.
10:302 - 308.

Rusas, C., Espina, C., Diar, F., Curt, 1., Rosen, J. (1988). Affect of
sublethal detergent upon gillpermeability of Crenopharyngadon idalla
(Pisces, Cyprinidae). Water Air and Soil Poll. 42 ; 253 - 260,

Singh, J. and Devi, S. (1989). Affect’ of linear alkyl benzene
sulphonate on germination of spores of the aquatic fern Ceratopteris
thalictroides. Bull Environ.Contam.Toxicol 43; 111 ~ 117.

Spehar, R.L., Holcombe, G.W,, Carlson, R.V,, Drummond, R.A,,
Yount, J.D. and Pickering Q.H. (1979). Effects on pollution on
freshwater fish, Journal WPCF 51:1616-1694.

Standard Methods 19 th edition (1995} (A.D. Eaton, L.S. Clesceri,
AE. Greenberg Eds): American Public Healt Ass. Washington D.E.
1015 p.

Terzic, S., Hrsak, D., Ahel, M. (1992). Enrichment and isolation of
linear alkylbenzene sulphonates (LLAS) degrading bacteria from
estuarine and coastal water. Mar. Poll. Bull. 24: 199-204.

Terzic, S., Ahel, M. (1993). Determination of linear alkylbenzene
sulphonates in the Krka river estuary. Bull. Environ. Contam. Toxicol.
50:241-246. '

Topguoghy, S. and Birol, E. (1982). Bioaccumilation of sodium alkyl
sulfate, Zinc chloride and their mixture in young goby Proterorhinus
marmoratus PALL. Turkish J. Nuclear Science 9:100 - 107.

Topguoglu, S., Unlis, M.Y., Bulut, A M., ve Sadikoglu, N. (1992).
Kiigiik Cekmece Goli'nde deterjan kirliligi ve toksisitesi VIII. kimya
ve kimya miihendisligi sempozyumu 7-11 Eylil 1992 Marmara
Universitesi, Istanbul.

203



Tsai, C. and McKee, J.A. (1978). The toxicity to goldfish of mixtures
of chloramine, LAS and copper (Toxic constituents and gross toxicity
of waste treatment effluent to fishes) Rep. No. OWRT A-029MD(1)
U.S. Depts. Commerce, NTIS, Springfield Va, -

Uniii, Y. and Topguogly, 8. (1977). Determination of LCsy and
estimation on safe level of LAS detergents for larvae of two fish
species i Kiigiik Celkmece lagoon CNAM Report No: 171

Venezia, [..D., Kompesan, G. and Menetto, A. (1988). Experimentai
model for testing the action of LAS on osmoregulation activity of
Carcinus mediterraneus, Rapp. Comm. Int. Medit., 31:2.

Wakabayashi, M., Kikuchi, M., Kozima, H. and Yoshida, T. (1980).
Affect of Alkyl chain on the uptake distribution and excretion of 35, S
— Labeled alkyl sulfate in carp. Ecotox. ‘and Environ. Saf. 4 : 195 —
206.

Wakabayashi, M. and Onizuka, S. (1986). Factors affecting toxicity of
chemicals to fish. Tokvo-to Kankyo kagaku kenkyusho Nenpo 102-4;
C.A: 106. 1509244 (1987).

Received (06.05.2001
Accepted 20,06.200]

204



Fig 1. The section of rainbow trout gill a) in aquarium LAS
added b) control: LAS omitted
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Fig 2. The section of rainbow trout stomach a) in aquarium LAS
added b) control: LAS omitted
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Fig 4. The section of rainbow trout heart a) in aquarium L.AS
added b} control: LAS omitted
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