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ABSTRACT

The guanial-response of freshwater shiimp (Desmocaris trispinosay to the foxicily of five azo dyes was studied. Generally, increase
in percentage mottality of the organisms was obtained with increases in concentration of the toxicants and exposure time. The
medizn (ethal concenrationsy (LCso) and median Jethal concentrationso {LCsc) values were obtained from the concentration-
moitality and tirne-montality probit graphs, respectively. Based on the LCso and LTss values, the dyes were ranked in order of
. toxicity: Mordant Black 11>Acid Crange 10>Direct Red 28>Direct Orange 31>Direct Red 23. Differences in quantal effect ‘of the
toxicants was attiibuted to their molecular weight, dye content and/or impaired oxygen transfer through the respiratory apparatus of
the arganisms due to adsorption of the dye molecules on their gill surface. Evidence of bicaccumulation of the toxicants in guis and

tissuas of the shiimps was obiaihed and its implication to human health was discussed,
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INTRODUGTION

The discharge of highly coloured synthetic dye
effiuents inte inland and coasial waters is & continuing problem
that can cause environinental damage (Padimavathy ef al.,
200%). These synihetic dyes are exiensively used in fextile
dyeing, paper piiniing, colour photography, pharmaceutical,
tood, cosmetics and other industries (Rafii and Cerniglia,
14990). Approximately, 10,000 different dyes and pigments are
used industrially and over 0.7 millicn tons of synthetic dyes are
produced annually, worldwide. Azo dyes contribute 70% of
thase synihetic dyes produced (ETAD, 1997) and ihey are
second only to polymers in ferms of new compounds
sulbmitted for registration in the US under the Toxic Substance
Controf Act (Brown and Devito, 1993).

In textile industries up te 50% of dyes are lost in
effluents (Moreira et al., 2004). Most of the dyes are potentially
toxic to living organism (Dawson, 1981) and are toxic and

caicinogenic to humans (NIOSH, 1980) and aquatic animals -

(Young and Yu, 1997). Moreover, aromatic amines, which are
by-products of reductive cleavage of azo dyes by
wicroorganisms, have been reported to be foxic, carcinogenic
and mutagenic tc man, dogs, rats and mice (Cartwright, 1983;
Houk ef al,, 1991; Brown and Devito, 1993; Rafii and Cemiglia,
1993). Hence, with increased use of a wide variety of dyes,
pofiution by dye wastewater is becoming increasingly alarming
{(Fadmiavathy el al., 2003) and has become an environmental
concen (Moreira ef al., 2004). :

\ Several reporis have described the toxicity of some
dyes on test organisms: Paleamoneles africanus (Oranusi et
al., 2002); Mysid shimps (Reife, 1991); Japanese medaka
(Aﬁhsan and Morita, 1995) and Catfish (Crespi and Cagarra,
1980). However, there is a dearih of information on the toxicity
of dyes on Desmocaris trispinosa, a tropical freshwater shrimp.

Of recent, there has been an upsurge in textile dyeing
acliviies in Nigeria due to the ban on importation of foreign
texfites. Investigation showed that effluents from such dyeing
acfiviies by both local dyers and large-scale textile industries
a~e discharged ko indand waters with little or no treatment.
Hence, we decided fo examiine the potential toxicity of five azo
dyes, used roulinely in dyeing fabrics in Eastern Nigeria, on
friashwater shrimp (Desmocaris trispinosa).

Shrimips are of immense aconomic importance both
" for local consumption and export. An organism for bioassay
" should certify certain criteria among which are: the organism is

a represeniative of an ecologically important group in terms o
taxonomy, trophic level or niche; the organism must be of
economic importance (food and ecology) and the effect of the
toxicant on the crganism can easily be monitored for example,
mortality or irhibiion of a vital physiological function
(Rosenberger ef al., 1978 and Buikema et al., 1982).

MATERIALS AND METHODS

Collection and Acclimatisation of Organisms

Desmocaris tispinosa of mean length (3.10cm) and
mean body weight (0.112g) were collected from unpolluted (no
colouration) part of Oshika Lake in Ahoada near Port Harcourt,
Nigeria. Collection was with a hand net of mesh size ¢.5mm.
They were immediately transported to the laboratory in aerated
dilution water contained in glass tanks. Active and healthy
organisms were selected for acclimatization. Acclimatization
was for 10 days at room temperature according to the Statlc
Test Procedure (APHA, 1982).

Triplicate set of glass fanks (length 180cm, width
30cm and depth 20cm) with a divide down the middle were
used. Each tank contained the dilution water (temperature,
26.540.5°C; pH, 7.20:0.3; conductlvuy, 28.700.4uS/cm. and
dissolved oxygen, 6.90+0.4mgl." *) and sand collected from the
habitat of the organism. The sand formed the substratum. In
order to avoid overcrowding each tank contained 50 organisms
per divide. The dilution waler was gently aerafed with
aquarium pump and a continucus flow of dilution wafer was
mainiained with peristaltic pump. Bruised and dead organisms
were removed on detection.Baiches with more than 10% death
were removed.

Toxicants -

Five azo dyes (Aldrich Chemical Co,, USA) were
used, These dyes are roulinely used by local dyers Figure 1
shows the structure of the dyes. Following a preliminary
RangefF'ndmg test (APHA, 1992), various concentrations
(mgl™"y of each dye were prepared in dilution water: 0.01, 0.05,
0.16, 0.50 and 1.00 for Mordant Black 11, Acid Orange 10 ang
Direct Red 28. For Dlrect Orange 31 and Direct Red 23, the
concenirations (mgl’ ) were 0.1, 1.0, 10.0, 100.0 and 1,000.0.
Bioassay

‘The Short Term Toxicity test (Range Finding test and
Short Term Definitive test) was the method used (APHA,
1992). Duration was for 96h.
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" FIG. 1 STRUCTURES OF AZO DYES USED

Into each duplicate set of glass tanks (15cm by 15¢m
square and 20cm deep) was added each toxicant
concentration. Ten active and healthy organisms from the
acclimatization tanks were introduced with a hand net (mess
size, 0.5mm). A continuous flow of {oxicant concentration was

maintained by peristaltic pump and aeration was with
aquarium pump. Controls (no toxicant) were also set up. Sand

from the habitat of the organism formed the’substratum in the

tanks.

The experiment was monitored at 2h interval for the
first 24h and thereafter, checked twice daily. Dead organisms
were removed on detection. Criteria for death consisted of
opaqueness and lack of response to tactile stimulus. Dzath
was praceded by loss of balance and slow movement. Dead
organisme wera reintroduced Into fresh dilution water (without

toxicant) and observed for racovery. None of the organisme

racovered, This confirms that death was irreversible and not
due to transient metabolic injury.

Dead organisms were blended in a laboratory
blender, transferred.into 20mil of distilled water and centrifuged

al G, 000 pm for 30m1n The colour of the supernatant was

examined visually. The colour of the supernatant were as
follows: deep blue (Mordant Black 11); deep orange (Acid
Orange 10); light red (Direct Red 28 and Direct Red 23) and
light Orange (Direct. Orange 31). This showed
bioaccumulation. The LCso and LTso were determinecd using
Probit Analysis (aney, 1971)
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RESULTS AND DISCUSSION

" Generally,  the guantal-dose response relationship
showed increasing moriality of the organisms with increase in
concentration and increase in exposure time. The LCs and
LTsn values were obtained using probit analysis. The
transformed data (Figs. 2 - 6) show a linear correlation
betweén percentage mortality and concentration and between
exposure times at various concentration of the toxicants. The
L.Css values (Table 1) were obtained from the concentration-
mortality probit transformed graphs (Figs. 2 - 6) while the
values for LTss (Table 2) were cbtained from the probit
transformed time-mortality graphs (Figs. 7 - 11)

Based on the LCs and L.Tso values, tha dyes can be
ranked In order of increasing toxicity: Mordant Black 11>Acid
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‘Orange 10>Direct Red 28>Direct Orange 31>Direct Red 23.

Bicaccumulation of dyes by fish is influenced by diffusional

resistance, molecular size, respirator volume and gill perfusion;
(Niimi et 4l.,1989). The varying degrees in toxicity of five

toxicants may be attributed to differences in molecular weight
and/or dye content .The lower molecular weight toxicants.
Mordant Black 11 (461.30) and Acid Orange 10 (452.88) were

mure toxic than the higher molecular weight dyes : Direct Red
28 (696.67); Direct Orange 31 (670.62) and Direct Red 23
(813.74). Mordant Black 11, Acid Orange 10 and Direct Red:
28 with dye contents of 80%, 90% and 85% respectively were
more toxic than Direct Orange (dye content -60%) apd Direct .
Red 23 (dye content -30%). Direct Orange 31 and Direct Red:
23 exerted lower toxicity probably due to their higher molecular-
weight and low dye content. The contribution of the impurities;
in the dyas was not investigated because impurities (nature:-
and quantity) are under patent protection :
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Table 1: 96h Median Lethal Conceniratiohssy -

(96hL.Csoj obtained whoen Desmocaris frispinosa
was exposcd to varous concentiations of we azo

_dyes.
Dyes Used LCss (mgl™)
1. Mordant Black 11 0.026
2. Acid Orange 10 0.058
3. Direct Red 28 0.109
4. Direct Orange 31 357.62
5. Direct Red 23 984.87
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Dyes are adsorbed on various surfaces: microbial ¢ell
(Michaels and Lewis, 1985); sediments (Yen ef al., 1990) and
gilis of fish (Anliker ef al., 1988). Adsorption on gills wili reduce
oxygen uptake by the organisms with concomitant reduced
metaboiic aclivity. This may partially explain the toxicity of the
dyes. Oranusi et al. (2002) attributed toxicity of azo dyes
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btained for of Direct Red 23,

(Orange Il and Direct Blue 71) and sulphanilic acid to shrmp
(Paleomonetes africanus) to adsorption on the gills of the
organism. Dye wastewater has been reported to be toxic to
mysid shrimp (Reife, 1991); catfish (Crespi and Cegarra, 1980)
and Paleornonetes africanus (Oranusi et al., 2002).

Dyes may be accumulated at sublethal
concenirations. The consumption of such organisms by
humans poses health risk. Degradation of azo dyes into
aromatic amines by human intestine microflora has been
reported (Rafii and Cerniglia, 1995). These aromatic amines
are mutagenic and carcinogenic causing various kinds of
human cancer (Brown and De Vito, 1993).

This study has demonsirated the potential toxicity of
the test azo dyes to the freshwater shrimp (Desmocaris
trispinosa). Work is continuing in our laboratory on the
polential foxicity of other azo and nonazo dyes on
Paleamonetes africanus and Desmocaris trispinosa.
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Table 2: Median i.ethal Timesso (L. Tso) obtained when besmécaris trispinosa was exposed to various concentrations of the five azo dyo:

Dyes Used LTso(Minutes)
G.01mgi”  0.05mgl™ - 0.10mgi™  0.50mgi” 1.00mgl™  10.00mgl”  100.00mgi”  1000.00nglL™
1. Mordant Black 11 663864  5686.53 407906 3210514 107301 ND ND ND
2. Acid Orange 10 7583.67  7980.64 328421  2717.93 718.81 ND ND ND
3. Direct Red 28 8038.33  7708.89  6251.55  3327.19 103.28 ND ND - ND
4. Direct Orange 31 ND ND 8001.15 = ND 7207.78  7496.96 6503.72 6014.54
5. Direct Red 23 ND ND >10000 ~ ND >10000  6677.75 8094.92 6569.60

ND - Not determined based on the results of the Preliminary Range Finding test (APHA, 1992)
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