
A

t
n
o
l
f
4
fi
r
©

K

1

c
t
b
r
d
o
e
i
b

a
i

d
f

0
d

Available online at www.sciencedirect.com

Journal of Hazardous Materials 157 (2008) 64–68

Lethal toxicity of industrial chemicals to early life stages
of Tilapia guineensis

L.I.N. Ezemonye a,∗, D.F. Ogeleka b, F.E. Okieimen b

a Department of Animal and Environmental Biology (AEB), University of Benin, Benin City, Nigeria
b Department of Chemistry, University of Benin, Benin City, Nigeria

Received 5 April 2007; received in revised form 20 December 2007; accepted 20 December 2007
Available online 3 January 2008

bstract

The toxic effects of industrial chemicals on three early life stages of an economically important fish, Tilapia guineensis were investigated using
he Organisation for Economic Cooperation and Development (OECD) # 203 recommended semi-static renewal bioassay. The assessment was
ecessary for the uncontrollable disposal of Neatex (liquid detergent) and Norust CR 486 (corrosion inhibitor) into the Niger Delta environment
f Nigeria. The estimated 96-h LC50 for 7-, 14- and 28-day-old fish in Norust CR 486 exposure was considered “more toxic” than Neatex in all
ife stages and was dependent on species age, exposure duration and environment. In the fresh water test, for Neatex and Norust CR 486 exposures
or day 7, 14 and 28, the 96-h LC50 were 8.79, 17.10 and 82.42 mg/l and 5.55, 13.58 and 20.21 mg/l, respectively. In the brackish test, 15.42 and

6.52 mg/l, not determined (ND) and 7.35, 13.95 and 24.50 mg/l were obtained. Differential toxicity was observed in the fresh and brackish water
sh for the two chemicals and controls at p < 0.05. The high sensitivity of the 7-day-old test organisms to both chemicals provides a rationale for
egulatory surveillance and monitoring of both chemicals in the fragile Niger Delta environment.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Our environment is currently flooded with chemicals that
ontaminate our air, water, food and humans. Discharge of these
oxic chemicals into the environment cause adverse effects on
iological systems, ranging from cell to ecosystem in varying
anges of direct and/or indirect effects. The degree of the effect
epends on the type, property dosage and exposure duration
f the chemical. Aquatic systems reflect perturbations in the
nvironment, hence fish and invertebrates can often be used to
ndicate the health of an aquatic system because chemicals can
e accumulated in fish and cause harmful effects [1].
Detergents have been used extensively as surface active
gents in industrial and domestic premises to wash equipment,
nstallations, heavy-duty machines, vehicles and oil soiled mate-
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ials. They are also used in pesticide formulations and for
ispersing oil spills at sea [2]. Corrosion inhibitors are used
n a wide range of applications, such as oil pipelines, domestic
entral heating systems, industrial water-cooling systems and
etal extraction plants.
Detergents find their way into surface water via sewage works

nd as detergent concentrations approach 15 parts per million,
sh kills occur [3,4]. All detergents destroy the external mucus

ayers that protect the fish from bacteria and parasites caus-
ng severe damage to the gills. Their toxic effects on aquatic
esources such as fish have necessitated the need for regulatory
onitoring of water bodies that receive effluent containing these

hemicals.
A major component of detergent and corrosion inhibitor is

inear alkylbenzene sulphonate (LAS). LAS also called surface-
ctive agents or wetting agents are organic chemicals that reduce
urface tension in water and other liquids. Reports have shown

hat LAS is usually poorly broken down in rivers and may be
oxic to aquatic organisms [5]. Hazardous effects of cationic,
nionic and non-ionic detergents on aquatic organisms have been
eported [6–8]. Previous investigation on toxicity of industrial
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Table 1
The physico-chemical characteristics of the chemicals as contained in the mate-
rials and safety data sheet (MSDS)

Properties Neatex Norust CR 486

State or form Liquid Liquid
Colour Light brown Colourless
Odour Pleasant Pungent
Composition Linear alkyl benzene

sulphonate, sodium
hydroxide, sodium
carbonate and
ammonium oxalate

Heterocyclic derivatives,
linear alkyl benzene
sulphonate and alkaline
sulphide in ethylene
glycol
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etergent and corrosion inhibitors also include the studies of
hitehouse et al. [9,10].
Ecological risk assessments are usually conducted for the

urpose of defining the extent of hazardous waste contamina-
ion in the aquatic biota. In the Niger Delta zone of Nigeria,
xisting data on environmental impact assessment reports by
ome oil companies are lacking in ecological risk assessment of
ndustrial chemicals including the chemicals used in the present
tudy despite their ecological impact and frequent use in the
etroleum industries [11,12]. Bioassays are used to measure the
egree of existing biological damage to fish, benthic organisms
nd other organisms using mortality, impaired physiology, bio-
hemical abnormality and behavioural aberration as assessment
nd point [13]. In this regard, lethality test are particularly useful
n the predictive assessment of environmental quality of chem-
cals discharged so that substantial safety factors and margins
an be met.

The objective of this study was to assess the toxicity of
wo commonly used industrial detergent (Neatex) and corrosion
nhibitors (Norust CR 486) to Tilapia guineensis. The suitability
f fish (T. guineensis) in this study was based on the recommen-
ation of Beeby [14]. They were chosen because they are highly
rolific and available all year round. Other choices include;
ase of maintenance under laboratory condition, relative sen-
itivity to toxic substances furthermore they are consumed by
umans.

The monitoring of these effects is extremely important to
egulate and remediate pollution. This is with the view of propos-
ng a regular environmental monitoring programme for these
hemicals in the Niger Delta coastal region of Nigeria, which
as the highest number of petroleum activities and pollution
roblems.

. Materials and methods

.1. Collection of test organisms

T. guineensis (fish) from fresh and brackish environment of
he Nigerian Niger Delta ecological zone were collected from a
ultured fresh and brackish water farms at Kpakiama and Abua
n the Niger Delta area, respectively. The test organisms (7-day
ld) were collected on the first day of hatching while the other
ife stages (14- and 28-day) were collected 7 days before starting
he test. The organisms were acclimated to laboratory conditions
or 7 days before starting the test in holding tanks with dimen-
ions length × height × width = 100 cm × 100 cm × 100 cm.
he semi-static with renewal bioassays were conducted

n amber coloured wide-mouth glass tanks measuring
0 cm × 25 cm × 25 cm.

The physico-chemical condition of the test water includes:
emperature at 26 ± 2 ◦C with a 16:8 h light:darkness photope-
iod. The pH was 5.5 ± 0.2 for the fresh water experiment and
.2 ± 0.8 pH units for the brackish water test and dissolved oxy-

en had a range of 6 ± 0.3 mg/l. Salinity in the fresh test was
9.72 ± 3.4 mg/l while the brackish water experiment had con-
entrations of 3758 ± 207 mg/l. Total dissolved solids (TDS)
nd conductivity in the fresh water test was 86.81 ± 2.5 mg/l

2
a
s
p

olubility Soluble Soluble
pecific gravity 1.04 1.09

nd 176.23 ± 6.8 �S/cm, respectively. The brackish water exper-
ment recorded 6903 ± 46.6 mg/l and 13814 ± 88.61 �S/cm,
espectively. These physico-chemical conditions are similar to
hat of the Niger Delta waters [11,12].

.2. Test chemicals

The chemicals were collected from the manufacturers
Manuex Nigeria Limited and Ceca Incorporated) with the
rade names Neatex and Norust CR 486, respectively. Both
hemicals are currently used by oil industry operators in the
igeria Niger Delta area. The constituents for the two indus-

rial chemicals used for the 96-h acute toxicity test are given in
able 1.

.3. Bioassay procedure

The semi-static renewal bioassay procedure started with a
ange finding test [15–17]. This was used to determine the range
f concentrations to be tested and approximate the range that
ould produce the desired effective concentration EC50 for the
ifferent life stages. The screening test was carried out with five
ifferent concentrations of the test chemicals.

Stock solutions of 200 mg/l were prepared by dissolving the
hemicals in the dilution water from which serial dilution of
.25, 12.5, 25, 50 and 100 mg/l were made. A total of 5 l of
he test medium and controls (dilution water) was used to test
0 test organisms of T. guineensis for both fresh and brackish
nvironment in three replicates. The fish were not fed 24 h before
est initiation and during the 96 h of the test while aeration was
or the test duration [18]. The test solutions were renewed daily
nd their physico-chemical constituents measured throughout
he duration of the experiment.

.4. Mortality

During the 96 h exposure period, mortality was recorded at

4, 48, 72 and 96 h. The dead organisms were removed immedi-
tely on detection. Fish were considered dead when they fail to
how evidence of opercular activity and do not respond to gentle
rodding [15].
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Table 2
Acute toxicity profile of fresh and brackish water fish to Neatex exposure

Days LC50 (mg/l) Confidence limit Probit equations Slope

Fresh water
7 8.79 ± 0.62 2.41–14.80 Y = 3.22 + 1.82 log x 3.35 ± 0.27

14 17.10 ± 3.31 2.91–42.67 Y = 3.59 + 1.13 log x 7.33 ± 1.09
28 82.42 ± 1.66 47.56–93.16 Y = 1.40 + 1.88 log x 3.39 ± 0.32

Brackish water
7 15.42 ± 0.92 2.94–32.96 Y = 3.52 + 1.25 log x 6.55 ± 1.76

14 46.52 ± 2.16 26.88–129.66 Y = 2.25 + 1.65 log x 3.99 ± 0.08
28 ND ND ND ND
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here Y = probit, x = concentration in mg/l, ND = not determined due to insuffi-
ient mortality to carry out the probit analysis.

.5. Statistical analysis

The susceptibility of fish to both chemicals was determined
sing the probit method of analysis for median LC50 at 96 h [19].
omputations of confidence interval of mortality rate were also
btained from the probit analyses.

. Results

The results of acute toxicity of Neatex and Norust CR 486 to
, 14 and 28-day-old T. guineensis are discussed below.

.1. Mean percentage mortality

Mean % mortality was observed to be concentrations depen-
ent. The influence of exposure duration and environmental
onditions were also observed. Mortality increased as concen-
rations increased and it was higher in the fresh water experiment
n both chemicals. In all control experiments no mortality was
ecorded. Mean % mortality at 96 h exposure in the freshwater
nd brackish water fish was significantly different at p < 0.05 for
oth chemicals. The percentage mortality in control experiments
as significantly different at p < 0.05 for both chemicals.

.2. Estimated 96-h LC50
Acute toxicity of both chemicals was evaluated using esti-
ated 96 h LC50 values in varying concentrations. Estimated

6 h LC50 values for Neatex and Norust CR 486 varied in fresh
nd brackish water test (Tables 2 and 3). In Neatex estimated

able 3
cute toxicity profile of fresh and brackish water fish to Norust CR 486 exposure

ays LC50 (mg/l) Confidence limit Probit equations Slope

resh water
7 5.55 ± 0 0.39–10.19 Y = 3.59 + 1.90 log x 3.32 ± 0
4 13.58 ± 1.15 5.77–22.53 Y = 2.89 + 1.86 log x 3.55 ± 0.79
8 20.21 ± 2.98 10.39–34.98 Y = 2.68 + 1.78 log x 3.14 ± 0.33

rackish water
7 7.35 ± 0.27 1.70–12.28 Y = 3.21 + 2.07 log x 3.03 ± 0.18
4 13.95 ± 0.80 6.68–22.38 Y = 2.57 + 2.11 log x 3.14 ± 0.33
8 24.50 ± 2.82 14.47–41.32 Y = 2.19 + 2.03 log x 3.10 ± 0.25
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6 h LC50 ranged between 8.79 mg/l (freshwater) and 15.42 mg/l
brackish water) while in Norust CR 486, 96 h LC50 for the
ay 7 fish, ranged between 5.55 mg/l (freshwater) and 7.35 mg/l
brackish water). In the Neatex exposure for day 14 T. guineen-
is, the estimated LC50 in the fresh and brackish water test was
7.10 and 46.52 mg/l, respectively while in the Norust CR 486
xperiment, the LC50 varied between 13.58 and 13.95 mg/l for
oth environments. Estimated LC50 obtained for the 28-day-
ld fish exposed to Neatex concentration in the fresh water test
as 82.42 mg/l while the LC50 could not be determined in the
rackish test due to insufficient mortality observed. In the Norust
R 486 experiment for fresh and brackish water, the estimated
C50 for the 28-day-old T. guineensis varied between 20.21
nd 24.50 mg/l, respectively. The estimated 96 h LC50 values
howed that Norust was more toxic than Neatex in both fresh
nd brackish water fish. The freshwater fish were more sensi-
ive to both chemicals. Probit analysis also showed that LC50
alues decreases with increase in concentrations of chemicals,
ndicative of an increase in toxicity with increase concentration.

. Discussion

In this study fish fingerlings of T. guineensis an economi-
ally important cichlid were exposed to two commonly used
hemicals (industrial detergents and corrosion inhibitors), which
re normally discharged into the fresh and brackish water envi-
onment in the Niger Delta region of Nigeria where industrial
ctivities are intense. T. guineensis occurs in the fresh and brack-
sh waters of the Niger Delta ecozone and are constantly exposed
o these contaminants.

The effective concentrations that were observed for the
urfactant-containing test chemicals in the present study var-
ed with the life stages. Numerous studies have been performed
o determine the effects of anionic surfactants and surfactant-
ontaining chemicals towards aquatic organisms and these
nclude the studies of Madsen et al.; Scarlett et al. and
elanger et al. [6,7,20]. Understanding the toxic mechanism of
contaminant helps evaluate the importance of potential expo-

ure pathways and selection of sensitive ecological receptors.
or instance, a contaminant (like surfactant and surfactant-
ontaining chemicals) may selectively affect lower and higher
ertebrates as well as invertebrates by interfering with the res-
iratory systems, or be present at a level that may be toxic to
ost organisms and threaten top predators through food chain.
urfactants in surface water have become an environmental con-
ern and, studies on their effects on freshwater and marine life
tarted since the early 1950s [21]. However, the varying degree
f mortality reported in this study is supported by Bury et al. [22]
ho reported that differences in an organism’s biological adjust-
ent and behavioural response to changes in water chemistry

nd osmotic conditions depend on the stage of development.
he implication of this observation is that the early life stages
re not only vulnerable to chemical contaminants but are usu-

lly adversely affected. Survivorship depends on the degree of
rolificacy of the parent organisms.

Differential acute toxicity levels observed for both chemicals
re a reflection of varying degree of sensitivity of test organ-
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sms to exposure concentration and duration. Test organisms
howed better tolerance to lower concentrations of chemicals,
hich does not necessarily mean complete compensation for

he chemical [23]. In order to assess the potential hazard of
hese chemicals to T. guineensis, toxicity data should be related
o expected or actual environmental exposure concentrations.
ecause of lack of information on measured concentrations of

hese chemicals in aquatic systems, toxicity endpoints data were
ompared to the GESAMP rating [24]. The estimated 96 h LC50
alues obtained in this study showed that both chemicals are
lightly toxic to the early life stages of fish.

Neatex and Norust CR 486 exposure in the fresh water test
as ‘more toxic’ than the brackish water test. This result is

onsistent with other related studies [20,25,26]. The relative dif-
erence observed in the mean % mortality and 96 h LC50 values
etween the fresh and brackish water test may not be uncon-
ected with the varying osmoregulatory demand of the different
nvironment. It has been reported that in the fresh water envi-
onment, any physical damage to external tissues allows more
ater to enter the body (and salt to escape), placing an addi-

ional burden on the kidneys, ultimately resulting in death [22].
his observation probably accounts for the higher mortality in

he fresh water test. It has also been reported that toxicity of
hemicals can be altered by variations in water chemistry by
ffecting their amount of the chemical available to bind to the
sh [22,27,28].

Multiple stressors of varying sources and intensity are bond
o affect organisms living and breeding in aquatic environ-

ent as a result of constant exposure due to uncontrollable
ischarges of industrial chemicals into such water bodies. Mor-
ality of T. guineensis exposed to varying concentrations of
eatex and Norust CR 486 were influenced by toxicity mod-

fying factors such as exposure duration, concentrations, type
f chemicals, life stage and environmental conditions. In all
oncentrations, organisms showed varying degrees of stress to
eatex and Norust exposure. This study reported the vulnera-
ility of early life stages of T. guineensis fingerlings to chemical
ontaminants.

. Conclusion

The public concerns over the safety of industrial chemicals to
he user and environment is at all-time high. The lethal concen-
rations of these surfactant-containing test chemicals obtained in
his study are based on observations over a 4-day period in the
aboratory. The significant difference observed in the mortality
etween the controls and the test concentrations suggests that
he chemicals may be the cause of mortality in of the fish. These
ndings also suggest that these chemicals should be discharge
nto the environment only after treatment. The results of this
tudy justify the need for regulatory monitoring of chemicals
ischarged into the waters of the Niger Delta ecological zone.
he slightly toxic nature of acute exposure of T. guineensis to

eatex and Norust CR 486 may infer risk. However, results
f the acute exposure to higher concentrations shows that the
hemicals may have the potential to impact fish populations and
arrants stiff regulatory compliance.
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lossary
cclimation: To accustom experimental organisms to the biological, chemical
and physical conditions present during holding, culture and testing. The term
usually refers to controlled laboratory conditions.

cute toxicity: A discernible adverse effect induced in the test organisms within
a short period of exposure to a test material, usually ≤4 days for fish.

T
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ontrol: A treatment in an investigation or study that duplicates all the con-
ditions and factors that might affect the results of the investigation, except
the specific condition that is being studied. In an aquatic toxicity test, the
control must duplicate all the conditions of the exposure treatment (s), but
must contain no test material.

ontrol/dilution water: The water used to dilute a test material in order to prepare
different concentrations for the various toxicity test treatments.

ulture: The animals which are raised on-site or maintained under controlled
conditions to produce test organisms through reproduction.

C50: The median effective concentration estimated to affect 50% of a test
population during continuous exposure over a specified period of time.

nd point: The variables (i.e., time, reaction of the organisms, etc.) that indicate
the termination of a test, and also means the measurement (s) or value (s)
derived, that characterize the results of the test (LC50, etc.).

C50: The median lethal concentration (i.e., the concentration of test substance
that is estimated to kill 50% of a test population during continuous exposure
over a specified period of time). The LC50 and its 95% confidence limits
are usually derived by statistical analysis of mortalities in several test con-
centrations, after a fixed period of exposure. The duration of exposure must
be specified (e.g., 96 h LC50).

ethal: Causing death by direct action. Death of fish is defined as the cessation
of all visible signs of movement or other activity.

ortality: The death of experimental organisms as a result of exposure to
toxic substances present in soil, sediment or water. Usually expressed as
percentage.

hotoperiod: The duration of illumination and darkness within a 24-h day.
emi-static renewal: Toxicity tests in which test solutions are renewed during

the test, usually after 24 h.
tock solution: A concentrated aqueous solution that can be stored. Measured

volumes of a stock solution are added to dilution water in order to prepare
the required strengths of solutions.

oxicity: The inherent potential or capacity of a material to cause adverse effects
on a living organism.

oxicity test: A determination of the effect of a material on a group of selected

organisms under defined conditions. An aquatic toxicity test usually mea-
sures the proportions of organisms affected by their exposure to specific
concentrations of chemical, effluent, elutriate, leachate, or receiving water.

oxicology: The study of the harmful effects of substances on humans or animals.
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