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Abstract

On exposure of sodium ion (Na*), potassium ion (K*), calcium ion (Ca?*), chloride ion(CI-), hydrogen
carbonate ion (HCOs) in the muscle, blood plasma and liver of juvenile and adult freshwater catfish,
Clarias gariepinus to 10.00, 20.00, 30.00, 40.00 and 50.00mg/I of detergent for 30 days, it was observed
that sodium ion respectively dropped below control at 10.00, 20.00 and 50.00mg/I by 8.17, 11.20 and
11.29% and was higher than control at 30.00 and 40.00mg/l by 37.37 and 14.79% in the muscles of
juvenile fish while in adult fish, it was noted that LAS, caused a significant increase (P<0.05) of sodium
ion in the muscles of specimen (C. gariepinus) by 17.08% at 10.00mg/l, 38.07% at 20.00mg/I, 54.06% at
30.00mg/l, 55.27% at 40.00mg/l and 64.04% at 50.00mg/l with increase in concentration. Potassium ion
significantly decreased in both life stages with increase in concentration except at 50.00mg/l in juvenile
fish where it was raised above control by 21.41% (62.37+10.25). Potassium ion peaked at 30.00mg/l with
40.40% in adult fish and that of adult peaked at 50.00mg/I with 40.24% below control. Linear alkyl
benzene sulfonate significantly raised calcium ion in juvenile fish by 32.60% at 10.00mg/l, 90.43% at
20.00mg/l, 106.20% at 30.00mg/l, 145.74% at 40.00mg/l and 228.60% at 50.00mg/l while in adult fish
calcium ion was similar as control in the muscle at 10.00 and 20.00mg/l and respectively less than
control by 18.78, 51.75 and 58.32% at 30.00, 40.00 and 50.00mg/l as concentration improved. At 10.00
and 20.00mg/l, chloride ion was elevated above control in juvenile fish by 86.26 and 69.97% and below
control by 0.02, 0.45 and 23.93% while in adult fish it was 0.70% less than control at 10.00 and
40.00mg/1. It was detected that hydrogen carbonate ion concentration in juvenile fish was the contrary of
that in adult fish in that there was a steady decline below control by 5.93, 6.67, 13.33, 8.33 and 25.00% in
juvenile fish and raised above control by 7.60, 11.10, 17.54, 36.61 and 53.80% in adult fish as
concentration improved.

Keywords: Sodium ion (Na*), potassium ion (K*), calcium ion (Ca?*), chloride ion(CI), hydrogen
carbonate ion (HCOs'), Linear alkyl benzene sulfonate

Introduction

Detergents are molecules that are amphiphilic in nature with a hydrophobic hydrocarbon tail
and a hydrophilic head assemblage. It is the hydrophile on the head assemblage that defines
the detergent as anionic, cationic, nonionic or amphoteric, all of which may be used in
detergent preparations. Cationic in characteristic and cause damage to the outer membrane and
promote their own intracellular uptake and entry (Russell 2001 and Holah et al, 2002) [ 44,
There are two kinds of detergents with different features: phosphate detergents and surfactant
detergents. Detergents that contain phosphates are extremely caustic, and surfactant detergents
are very toxic. The differences are that surfactant detergents are used to boost the wetting,
foaming, dispersing and emulsifying properties of detergents. Phosphate detergents are used in
detergents to unstiffen hard water and help suspend dirt in water (Siposova et al, 2017) *2
Sudiana (2004) 31 explained that an increase in LAS concentrations that go beyond cell
capacity (lysosomes) will cause disturbance of cell metabolism. This led to a decrease in LAS
degradation and may even lead to cell death. Furthermore, the side effects of LAS and ABS
presence that surpass the natural degradation capacity are polluted environments that can cause
damage to ecosystem components. Further, Russell (2001) B explained surfactant as a
detergent component that can cause environmental problems. The stable foam formation in the

river is highly undesirable because it blocks the transformation of the oxygen-mass from air to
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water. Hydrophilic constituents of toxic surfactants will
endanger the survival of aquatic animals and bacteria in
water. According to KEP / 51 /MENLH / 2004, the
concentration of surfactants in waters is 1 mg / |. Detergents
also add another problem to aquatic life by lowering the
surface tension of the water. Organic chemicals such as
pesticides and phenols are then much more easily absorbed by
the fish. A detergent concentration of only 2 ppm can cause
fish to absorb double the amount of chemicals they would
normally absorb, although that concentration itself is not high
enough to affect fish directly.

The effects of surfactants on gill osmoregulatory function
were studied by monitoring the changes in the activity of the
gill Na*- K* ATPase. It was reported by many workers that
low concentrations of surfactants activated this membrane-
bound enzyme while high concentrations had an inhibitory
effect. The effects of syndets like Idet 5L and Swanic 6L
(SLS) on ATPase activity was studied by Verbost et al.
(2007) 1 in the fish Channa punctatus. They exposed the
animals to sub lethal levels of these syndets for 25 and 50
days. The analysis of the enzyme activity revealed that
enzyme inhibitions were highest in the gill and brain
homogenates for oligomycin-sensitive Mg?* ATPase with
pronounced effects (65%) after 50 days of exposure to 7.5
ppm of Swanic. Fish exposed to lower concentrations showed
an insignificant activation of Na -K ATPase and Mg? ATPasc
in the gills. A similar study on in vivo responses of ATPase
was done on Mystus vitrofus (Verbost et al., 2007) 4 exposed
to Swascofix (alkyl benzene sulfonate). The brain, gill, liver
and kidney tissues were sampled. After a period of 60 days
the highest inhibition was noted in the brain followed by gill,
kidney and liver and it was observed that low concentrations
in some cases enhanced the activity. Trump et al. (2009) (38
also reported enhanced Mg?*- Ca** ATPase activity in the
microsomal fraction of the bovine brain cortex treated with
sodium deoxycholate and Lubrol-wWX. The ATPase is
concerned with the active transport of sodium ions out of the
cell and potassium ions into the cell. Hence it is fundamental
to functions like regulation of cell volume and electrolyte
balance.

Naturally, the liver of fish can be considered a target organ to
pollutant and alterations in its structure can be significant in
the evaluation of fish health. This is because there is usually a
good relationship between structural distortion and function
(Myers et al., 1998) [?1, Hinton et al., 1992 2 noted that the
liver exhibits the effects of a variety of environmental
pollutants. Therefore, the imparts of xenobiotics such as
detergents on liver function may be of interest to the
environmentalists. The liver plays primary role in the
metabolism and excretion of xenobiotic compounds with
morphological alterations occurring in some toxic conditions
(Rocha and Monteiro, 1999) [?1. Contamination of aquatic
phase by detergent has been reported in aquatic organisms
such as fishes (Adham et al., 2002; Adewoye et al., 2005;
Ogundiran et al., 2007 and Ogundiran et al., 2009) [31 30. 20, 21],
Pollutants build up in food chains and are responsible for the
adverse effects and death in aquatic organisms (Farkas and
Dickhoff, 2002) 8], Fishes are widely used to evaluate the
health of aquatic ecosystem and physiological changes serves
as biomarkers of environmental pollution (Knock et al., 1996)
[15]

Many of the reports available on surfactants detergent toxicity
are related to the effects of anionic surfactants during
exposure periods of 15 minutes to 30 days (Jain et al., 2011;
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Santanu, 2013 and Rejeki et al., 2006) [*4 2% 231 Effects on
olfactory responses, respiration and gill physiology were the
most frequently monitored (Chevalier et al., 2012) %1, It was
found that concentrations greater than 0.1 ppm were sufficient
to elicit characteristic physiological responses (Skelton, 2001)
39 The blocking effects of cationic and anionic (ABS)
compounds were noted on the olfactory epithelium of Atlantic
Salmon at 1ppm (Bernet et al., 2004) 2, No effects were
observed for non-ionics. It was also found that in many of the
cases these effects were reversible (Omotoso and Fagbero
(2005) 91 Effects on feeding pattern/feeding rate were
studied in presence of surfactants (Baskaran, et al., 2012) [,
Probably due to olfactory disturbances, it was observed that
feeding rate in the presence of detergents was reduced
(Nurnberg, 2012) 1. The feeding rates were decreased at
0.25, 0.38 and 1.1 ppm. The fishes were found to move
towards the feed, swallowed it, tried to chew for 3- 4 sec but
ejected the food matter out of the buccal cavity. Swallowing
and regurgitation continued 3- 4 times, whereas the control
fishes rushed towards the food and swallowed it quickly.
Respiration was largely affected in the presence of
surfactants. The respiratory rate was increased in Lepomis
machrochirus at concentrations above 1.56 ppm when
exposed to alkyl ethoxylates (Jensen et al. 2001) 31, The
detergent exposure (oil spill dispersants) was found to induce
conditions

similar to hypoxia. There was an increase in heart rate and
ventilation volume (Nero et al., 1978) 8 and concomitant
bradycardia in fish- Tautogolabrus adspersus (cunner fish)
exposed to nonionic Triton X-100, Tween 20 and the anionic
sodium lauryl sulfate. Bradycardia so induced was sustained
during the exposure period and was reversible. All the
surfactants tested produced the same response differing only
in the threshold concentrations. This rapid reversibility
showed that the effect was the result of a reversible action on
a peripheral site /sensory receptor of the gill epithelium.
Developmental abnormalities were caused by surfactants to a
large extent (Fukuda, 2012) 171, Studies on fat head minnows,
Tilapia, poecilia etc. revealed that hatching, growth and larval
survival were affected at linear alkyl benzene sulphonate
(LAS) concentrations of 0.25-11 ppm for 90 days. Non ionics
like C12-Cy3 alcohol ethoxylates also created disturbances in
development by interfering with growth, hatching and larval
development when the exposure period was 90 days.
Cationics like dimethyl ammonium chloride and tri methyl
ammonium chloride were found to affect the developmental
stages of fat head minnows when exposed for 28 days.
Similar data regarding surfactant toxicity are also available
for invertebrates like sea urchins, sponge, star fish among
others (Olson 1996, Smith et al., 2006, Boyer et al., 2006) [*6:
37,341 Smith et al., 2001131 stated that developmental stages of
fishes were especially sensitive to surfactants.

Materials and Methods

Experimental fish: Healthy Clarias gariepinus juveniles
(mean weight, 246.30+ 14.12g SD; mean length
16.15+£1.40cm SD and adults (mean eight, 850.00+ 10.22g
SD; mean length 29.20+ 7.12 cm SD.) were obtained from a
diseased free fish farm and held in the laboratory of Fisheries
and aquatic Environment Department, Rivers State
University, in some aquaria of 25 -30L capacity. Specimens
were acclimated 7 days to the time of experiment. During and
after the period, fish were fed with pelleted diet containing
42% crude protein once per day at 2% body weight for
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juvenile fish and 2% body weight for adult.

Preparation of test solution: Series of trial test to prepare
chronic detergent solution for the experiment was carried out
using Santanu (2013) 1 method. Eventually, the final
definitive point of 50.00mg/l was reached where for juvenile
and adult fish, any quantity of detergent that exceeded
50.00mg/I resulted in to erratic swimming, jumping or death.
At this point the decision of 10.00, 20.00, 30.00, 40.00 and
50.00 mg/l were reached. Based on the definitive test result,
juveniles and adults of Clarias gariepinus were exposed to
10.00, 20.00, 30.00, 40.00 and 50.00 mg/I detergent solution
for 30 days. Six treatments with five replicates, control
inclusive were considered in this work. A total of 150
juveniles and 30 adults at the rate of 5 juveniles and 1 adult
per aquarium and feeding was maintained as at the
acclimation period. The toxicant and test water was renewed
after every 24 hours interval to maintain the toxicant strength.

Sample Collection: Fish were killed with a blow on the head
after blood collection and dissected in order to collect samples
(0.59) of gill, liver, kidney, muscle and spleen tissues with the
aid of penknife. Sample was macerated with pestle and
mortar. To prepare samples for electrolyte, 5ml of de-ionized
water was used. After the addition of this diluent, the samples
were centrifuged at the rate of 300 rounds per minutes for 10
minutes. The supernatants were then removed and stored in
plain bottles at — 4 °C for analysis.

Statistical test: Data were subjected to analysis of variance
(ANOVA). Duncan Multiple Range Test (DMRT) to test for
difference between different levels of treatments and to
separate means where applicable. Test of significance was at
95% probability.

Results

Sodium ion respectively dropped below control at 10.00,
20.00 and 50.00mg/l by 8.17, 11.20 and 11.29% and raised
above control at 30.00 and 40.00mg/l by 37.37 and 14.79% in
the muscles of juvenile fish while in adult fish, it was noted
that detergent, caused a significant increase (P<0.05) of
sodium ion in the muscles of C. gariepinus by 17.08% at
10.00mg/l, 38.07% at 20.00mg/l, 54.06% at 30.00mg/I,
55.27% at 40.00mg/l and 64.04% at 50.00mg/l with increase
in concentration. Potassium ion significantly decreased in
both juvenile and adult fish with increase in concentration
except at 50.00mg/l in juvenile fish where it was raised above
control by 21.41% (62.37£10.25). In juvenile fish, potassium
ion peaked at 30.00mg/l with 40.40% while that of adult
peaked at 50.00mg/l with 40.24% below control. Detergent
significantly raised calcium ion in juvenile fish by 32.60% at
10.00mg/l, 90.43% at 20.00mg/l, 106.20% at 30.00mg/l,
145.74% at 40.00mg/l and 228.60% at 50.00mg/l while in
adult fish calcium ion was same as control in the muscle at
10.00 and 20.00mg/l and respectively less than control by
18.78, 51.75 and 58.32% at 30.00, 40.00 and 50.00mg/I as
concentration increased. At 10.00 and 20.00mg/I, chloride ion
was raised above control in juvenile fish by 86.26 and 69.97%
and below control by 0.02, 0.45 and 23.93% while in adult
fish it was 0.70% less than control at 10.00 and 40.00mg/I. It
was observed that hydrogen carbonate ion concentration in
juvenile fish was the reverse of that in adult fish in that there
was a steady decrease below control by 5.93, 6.67, 13.33,
8.33 and 25.00% in juvenile fish and increase above control
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by 7.60, 11.10,17.54,36.61 and 53.80% in adult fish as
concentration increased (Table 1and 2, Fig. 1).

Detergent decreased sodium ion in plasma electrolyte of
juvenile fish (Table 3 and 4, Fig. 2 ) by 32.38% at 10.00mg/I,
27.25% at 20.00mg/l, 10.94% at 30.00mg/l, 4.08% at
40.00mg/l and 1.07% at 50.00mg/l and raised that of adult
fish by 10.81, 40.09,48.42, 57.43 and 67.72% with increase in
concentration. At 10.00, 30.00 and 40.00mg/l, potassium ion
respectively dropped in blood plasma by 28.44, 0.41 and
11.38% and was raised at 20.00 and 50.00mg/I by 19.96 and
9.31% while in adult fish, it was significantly raised by 25.55,
45.37,69.60, 93.83 and 118.06% as concentration increased.
In juvenile fish, calcium ion was raised above control at all
the concentrations except at 10.00mg/l where it was
insignificantly lower than control by 0.49% whereas in adult
fish, it was equal to control with increase in concentration.
Chloride and hydrogen carbonate ions were all raised on
exposure to detergent in the plasma, except at 40.00 and
50.00mg/I in chloride ion where it dropped respectively by
4.96 and 6.75% and hydrogen ion at 10.00mg/l by 37.89%. In
adult fish, chloride and hydrogen carbonate ions were
significantly raised (P<0.05) above control with increase in
concentration.

Generally, sodium, chloride and hydrogen ions in the liver of
juvenile fish (Table 5, Fig.3) dropped and that of potassium
and calcium ions were raised with increase in concentration.
Jn the adult fish, it was observed that all the electrolytes under
consideration except that of sodium decreased with increase
in concentration (Table 6, Fig.3)

Discussion

The present investigation shows that prolonged exposure of
Clarias gariepinus juveniles and adult to detergent (alkyl
benzene sulfonate) in water induces a variety of anomalies in
the sodium (Na*), potassium (K*), calcium (Ca?"), chloride
(CI) and hydrogen carbonate (HCOg3) ions. There was a
significant (P<0.05) alterations in the electrolytes of both life
stages of C. gariepinus when compared with control. The
significant dose-dependent alterations in all the electrolytes
observed in both life stages exposed to detergent indicate that
the fish were severely physiologically affected. This alteration
also suggests that the toxicant have altered the cell membrane
permeability by causing ionic variation due to ionic imbalance
in the muscular activity of the experimental animal (Inyang et
al., 2016 and Bhanu, 2016) [:1%, This is in corroboration with
this work in that sodium (Na*) in the muscle of juvenile fish
drastically dropped at 10.00, 20.00 and 50.00mg/I and raised
at 30.00 and 40.00mg/l whereas in the adult fish it was raised
in all the concentrations which peaked at 50.00mg/l with
64.04% above control and least at 10.00mg/l. Sodium ion
levels in all freshwater fishes are higher than Ca?* according
to stages of fish of this work were higher than calcium ions. It
is an essential electrolyte in plasma and is found in bound
state with plasma proteins (Bansal et al., 2009) 4, It is needed
by erythrocytes to maintain their functional entity. Calcium
ion in fish is used as a powerful tool in the assessment of
health of fish and environment in which they inhabit. It helps
in clotting of blood, takes part in contraction of muscles,
controls the excitability of nerves and also is involved in
certain hormone activity (Ip, et al., 2001) &M, In contrast to
sodium ion, the lower values of calcium ion concentrations
were observed in treated fish compared to control. It was
suggested that the experimentally stressed fish tried to control
excitability of nerves and has lost integration of voluntary
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muscles (Ip, et al., 2001) . In juvenile fish, potassium ion
dropped between 10.00 and 40.00mg/l and was raised at
50.00mg/l by 21.41%; calcium ion was raised in all the
concentrations and peaked at 50.00mg/l by 228.60%; chloride
ion fluctuated between 10.00 and 50.00mg/l while hydrogen
carbonate ion decreased with concentration when compared
with control. Also, potassium, calcium, chloride ions in the
muscle of adult fish dropped and that of hydrogen carbonate
ion increased with increase in concentration. As such,
elevation or decline in values may lead to hyper or hypo
function in the blood plasma, muscle and liver Inyang et al.,
2016. Adamu and Francis, 2008 2 reported that the
significance variation in the electrolytes among the different
experimental group suggests damage in the selected organs of
the fish. This agrees with this work in that in the liver of
juvenile fish, detergent caused the decrease in sodium,
chloride and hydrogen carbonate ions and raised that of
potassium and calcium whereas, in the liver of adult fish,
potassium, calcium, chloride and hydrogen carbonate
decreased and that of sodium ion raised with increase in
concentration when compared with control. In the plasma of
adult fish, sodium, potassium, chloride and hydrogen
carbonate ions were raised above control except calcium ion
which was same as control, while in juvenile fish, sodium ion
decreased with increase in concentration and that of
potassium, calcium, chloride and hydrogen ions fluctuated
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with increase in concentration when compared with control.
Prolong exposure could lead to alteration of genetic makeup,
social behavior or death (Adamu and Francis, 2008) [, The
variation inclination in sodium content in the liver and
calcium in both muscle and plasma in this study is
comparable to the work of Ogamba, et al. 2015 Bl, Ogamba,
et al. 2018 M | Inyang, et al. 2016 [/, Inyang and Patani
(2015) 8 and Uedeme-Naa and George, 2019 31, However,
the higher concentration of potassium and sodium in the liver
could be related to their role in detoxification. Usually,
electrolytes aid in the maintenance of ionic balance to
improve normal function of the cells (Bhanu, 2016) [,
Specifically, sodium and potassium are important extra
cellular fluids that are very useful for the transportation of
ATP (Inyang, et al., 2015; Erhunmwunse, and Ainerua, 2014;
Bhanu, 2016) [* & 101, Some specific function of electrolytes
are maintenance of heart contraction and involuntary muscles
and other metabolic activities (sodium) Erhunmwunse, and
Ainerua, 2014 [ intracellular physiological (nerve and
muscle) functions, acid-base balance and osmotic pressure,
enzymatic transfer of phosphate from ATP to pyruvic acid
(Muralidharan, 2014 [ potassium - blood coagulation
(Ogubunka and Ike-Obasi, 2018 Bl Adamu and Francis,
(2008) 121 and regulation of permeability in the cell membrane
(calcium) Adamu, and Francis, 2008 [*2,

Table 1: Electrolytes in the Muscles of C. gariepinus Juveniles Exposed to Jumbo Detergent for 30 Days (Mean + SD).

Conc.(mg/l)] Na*(mg/l) |% Control K*(mg/l) % Control| Ca?*(mg/l) Co:/;)rol Cl(mg/l) |% Control 'E'n(]:s/)la) % Control
0.00 465.00+28.862 100 51.37+12.49% 100 9.51+3.46% | 100 |57.51+16.11% 100 15.00+2.88° 100
10.00 427.00+15.16%| -8.17 |42.37+16.35°| -17.52 |12.61+3.41%| +32.60(107.12+35.75°| +86.26 |14.11+1.44°| -5.93
20.00 |41251+12.88%| -11.20 |[36.37+11.31%| -20.20 |18.11+7.21%|+90.43|97.75+12.61° | +69.97 |14.00+2.44°| -6.67
30.00 638.75+59.21°| +37.37 | 30.62+8.612 | -40.40 |[19.61+6.213°[+106.20|57.50+12.64%| -0.02 |13.00+1.71%°| -13.33
40.00 |533.75+11.08%°| +14.79 [42.25+11.72°| -17.75 |23.3746.25°[+145.74|57.25+12.71®| -0.45 |[13.75+2.50%®| -8.33
50.00 412.50+£12.88%| -11.29 |62.37+£10.25°| +21.41 |31.25+7.31°¢|+228.60| 43.75£12.912 | -23.93 | 11.25+3.16 | -25.00

Means within the same column with different superscripts (a,b,ab,c) differ significantly (P<0.05)
Key: Na*= Sodium ion, K* = Potassium ion, Ca%*= Calcium ion, CI- = Chloride ion, HCOs = Hydrogen carbonate ion, mg/l = Milligram per

liter.
Table 2: Electrolytes in the Muscles of C. gariepinus Adults Exposed to Jumbo Detergent for 30 Days (Mean + SD)

Conc. Na* % K* % % Cl % HCOs %
(mg/l) (mg) Control (mg/l) Control (mg/l) Control (mg/1) Control (mg/l) Control
0.00 | 189.50+7.63% 100 42.25+9.22° 100 6.07+3.46° 100 35.75+7.60° 100 128.25+2.882 100
10.00 | 218.50+6.69®® | +17.08 | 37.50+9.12° | -11.24 | 6.07+3.41° 0.00 35.50+6.50* | -0.70 138.00+1.44* | +7.60
20.00 | 261.50+8.60* | +38.07 | 30.75+8.11% | -27.22 | 6.07+7.21° 0.00 35.75+£7.00* | 0.00 142.50+2.44® | +11.10
30.00 | 292.00+7.52% | +54.06 | 28.25+7.89% | -33.14 | 4.93+6.21* | -18.78 | 35.75+5.03% | 0.00 150.75+1.71° | +17.54
40.00 | 294.25+7.62% | +55.27 | 28.00+6.05* | -33.75 | 2.93+6.25° | -51.75 | 35.50+6.33% | -0.70 | 179.00+2.50* | +36.61
50.00 | 310.50+8.43° | +64.04 | 25.25+6.09* | -40.24 | 2.53+7.31* | -58.32 | 35.75+7.43° | 0.00 197.25+3.16° | +53.80

Means within the same column with different superscripts (a,b,ab,c) differ significantly (P<0.05).
Key: Na*=Sodium ion, K* =Potassium ion, Ca?*=Calcium ion, Cl-=Chloride ion, HCO3 = Hydrogen carbonate ion, mg/I=Miligram per liter.

Table 3: Electrolytes in the Plasma of C. gariepinus Juveniles Exposed to Detergent for 30 Days (Mean + SD)

Conc. Na* % K* % % Cl % HCOs %
(mg/l) (mg/l) Control (mg/l) Control (mg/l) Control (mgl/l) Control (mgl/l) Control
0.00 116.50+6.57P 100 9.67+1.21° 100 10.27+6.7128 100 181.50+28.402 100 2.51+1.012 100
10.00 78.25+5.312 -32.38 6.92+3.212 -28.44 | 10.22+1.192 -0.49 296.00+56.70° | +63.09 | 1.56+0.162 -37.89
20.00 | 84.75+10.18%2 -27.25 | 11.60£2.19° | +19.96 | 10.40+4.212 | +1.27 298.25+76.07° | +64.32 | 3.00+0.51° | +19.52
30.00 | 103.75+15.88° | -10.94 | 9.63+1.61° -0.41 | 20.02+6.14° | +94.94 | 276.50+94.20° | +52.34 | 3.25+0.81° | +29.46
40.00 | 111.75+19.15° -4.08 8.57+2.95° -11.38 | 21.52+6.14° | +109.54 | 172.50+29.552 -4,96 4.00+0.74° | +59.36
50.00 | 115.25+19.90° -1.07 10.57+2.64° | +9.31 | 24.54+6.22P | +138.95 | 169.25+33.052 -6.75 4,01+0.81¢ | +59.76

Means within the same column with different superscripts (a,b,c) differ significantly (P<0.05).
Key: Na*=Sodium ion, K* =Potassium ion, Ca?*=Calcium ion, CI-=Chloride ion, HCO3" = Hydrogen carbonate ion, mg/I=Miligram per liter.
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Table 4: Electrolytes in the Plasma of C. gariepinus Adults Exposed to Jumbo Detergent for 30 Days (Mean + SD)

Con. (mg/l) Na* % K* % Ca? % CI % HCOs %
-\mg (mg/l) Control (mg/l) Control| (mg/l) | Control (mg/l) Control (mg/l) Control
0.00 111.00+7.232 100 11.35+1.212 100 | 4.50+0.13* | 100 194.25+3.072 100 150.50+5.00% 100

10.00 123.00+8.00® | +10.81 | 14.25+3.32% | +25.55 | 4.50+0.13* | 0.00 205.50+3.34* | +5.79 | 174.75£7.87° | +16.11
20.00 155.50+5.43® | +40.09 | 16.50+2.19% | +45.37 | 450+£0.13* | 0.00 | 220.00+4.00® | +13.26 | 185.50+4.98%®° | +7.14
30.00 164.75+6.55" | +48.42 | 19.25+1.61% | +69.60 | 4.50+0.13% | 0.00 | 243.00+2.56® | +25.09 | 199.75+6.54% | +32.70
40.00 174.75£6.61° | +57.43 | 22.00+2.95" | +93.83 | 4.50+0.13* | 0.00 | 246.00+3.06® | +26.64 | 203.00+5.97° | +34.88
50.00 185.50+£712° | +67.72 | 24.75+6.64° | +118.06 | 4.50+0.13* | 0.00 | 260.50+5.07" | +34.15 | 203.00+4.32" | +34.88
Means within the same column with different superscripts (a,b,ab,c) differ significantly (P<0.05).

Key: Na*=Sodium ion, K* =Potassium ion, Ca?*=Calcium ion, Cl'=Chloride ion, HCO3 = Hydrogen carbonate ion, mg/I=Miligram per liter.
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Fig 1: Comparative levels of selected electrolytes in the muscles of juvenile and adult C. gariepinus exposed to detergent for 30 day (Mean +
SD)
Key: CaJ=Calcium ion in juvenile, CaA=Calcium ion in adult, ClJ=Chloride ion in juvenile, CIA=Chloride ion in adult, HCOsJ=Hydrogen
carbonate ion (bicarbonate ion) in juvenile, HCO3A=Hydrogen carbonate ion (bicarbonate ion) in adult, KJ=Potassium ion in juvenile,
KJ=Potasium ion in adult, NaJ=Sodium ion in juvenile, NaA=Sodium ion in adult.
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Fig 2: Comparative levels of electrolytes in the plasma of juvenile and adult C.gariepinus exposed to jumbo detergent for 30 days (Mean +SD)
Key: CaJ=Calcium ion in juvenile, CaA=Calcium ion in adult, ClJ=Chloride ion in juvenile, CIA=Chloride ion in adult, HCOsJ=Hydrogen
carbonate ion (bicarbonate ion) in juvenile, HCOsA=Hydrogen carbonate ion (bicarbonate ion) in adult, KJ=Potassium ion in juvenile,
KJ=Potasium ion in adult, NaJ=Sodium ion in juvenile, NaA=Sodium ion in adult
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Table 5: Electrolytes in the Liver of C. gariepinus Juveniles Exposed to Detergent for 30 Days (Mean + SD)

Conc. Na* % K* % Ca?
(mg/l) (mg/l) Control (mg/l) Control (mg/l)

% CI % HCOs %
Control (mg/l) Control (mg/l) Control

0.00 | 360.00+23.09¢ 100 44.12+9.61° 100 6.51+0.112

100 267.00+34.29¢ 100 18.75+1.44° 100

10.00 | 359.00+17.32° | -0.28 | 44.75+£11.62% | +1.43 8.01+3.122

+23.04 | 142.12+30.11° | -46.77 | 17.51+0.01° | -6.61

20.00 | 355.00+45.77¢ -1.39 46.21+£9.62% | +4.74 9.51+0.372

+47.08 | 143.31+31.11° | -46.33 | 17.51+0.01° | -6.61

30.00 | 317.00£17.07° | -11.94 | 50.25+8.71° | +13.89 | 11.12+5.96"

+70.81 | 138.37+30.52° | -48.18 | 13.75+1.44* | -26.67

40.00 | 310.00+10.01° | -13.89 | 51.50+14.88" | +16.73 | 22.01+12.89¢

+238.10 | 112.51+31.61%* | -57.86 | 13.75+1.48% | -26.67

50.00 | 307.00+9.57% | -14.72 | 57.75+11.83° | +30.89 | 31.25+7.21°

+380.18 | 43.75+17.512 -83.61 | 13.25+1.43% | -29.33

Means within the same column with different superscripts (a,b,ab,c) differ significantly (P<0.05).
Key: Na*=Sodium ion, K* =Potassium ion, Ca?*= Calcium ion, Cl-= Chloride ion, HCOs™ = Hydrogen carbonate ion, mg/I=Milligram per liter.

Table 6: Electrolytes in the Liver of C. gariepinus Adults Exposed to Detergent for 30 Days (Mean + SD).

Conc. Na* % K* % Ca?*
(mg/l) (mg) Control (mg/l) Control (mg/1)

% CI % HCOs %
Control (mg/l) Control (mg/) Control

0.00 | 145.50+5.002 100 27.50+1.09° 100 6.83+3.02°

100 31.50+5.002 100 207.00+4.01° 100

10.00 | 166.754#5.01% | +14.60 | 26.25+1.05° -4.55 6.83+3.02°

0.00 30.70+5.05% -2.54 201.50+3.98" -2.66

20.00 | 186.50+4.00% | +28.18 | 24.00+1.00* | -12.72 | 6.13+2.76°

-10.25 | 31.00+4.122 -1.58 199.75+3.32% -3.50

30.00 | 235.50+6.00® | +61.86 | 24.00+£1.00% | -12.72 | 4.75+2.22%®

-10.45 | 30.70+4.322 -2.54 105.00+2. 892 | -49.30

40.00 | 268.75+6.07° | +84.71 | 24.00+1.00® | -12.72 | 3.67+2.50°

-46.27 | 31.00+5.00° -1.58 105.00+1.982 | -49.27

50.00 | 341.75+7.02° | +134.88 | 24.00+£1.00%* | -12.72 | 2.13+0.32%

-68.96 | 30.7545.03% | -2.38 105.00+1.98% | -49.30

Means within the same column with different superscripts (a,b,ab,c) differ significantly (P<0.05).
Key: Na*=Sodium ion, K* =Potassium ion, Ca?*=Calcium ion, CI-=Chloride ion, HCOs™ = Hydrogen carbonate ion, mg/I=Miligram per liter.
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Fig 3: Comparative levels of electrolytes in the liver of juvenile and adult C. gariepinus exposed to jumbo detergent for 30 days (Mean + SD)
Key: CaJ=Calcium ion in juvenile, CaA=Calcium ion in adult, ClJ=Chloride ion in juvenile, CIA=Chloride ion in adult, HCOzJ=Hydrogen
carbonate ion (bicarbonate ion) in juvenile, HCOsA=Hydrogen carbonate ion (bicarbonate ion) in adult, KJ=Potassium ion in juvenile,
KJ=Potasium ion in adult, NaJ=Sosdium ion in juvenile, NaA=Sodium ion in adult

Conclusion

This study assessed the outcome of detergent (linear 2.
alkylbenzene sulfonate) on selected electrolytes as sodium ion

(Na*), potassium ion (K*), calcium ion (Ca?*), chloride ion

(CI"), hydrogen carbonate ion (HCO3) in some vital organs of 3.
Clarias gariepinus, a common Niger Delta wetland fish. The
significant variations in the electrolytes content in this study
implies that incessant dumping of detergents and industrial
wastes in our waters have the potency of directly or indirectly
altering the general physiology of fish and other aquatic 4.
resources. To check this, reasonable restraints backed up by

law must be meted to those in the habit of discarding
untreated wastes into our water bodies.
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