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Abstract: The influence of salinity on the response of the estuarine teleost, Tilapia guineensis fingerlings to acute toxic effects of
inorganic nitrogen-phosphorus-potassium (NPK) (15: 15: 15) fertilizer was investigated using semi-static bioassay. The toxicity of
NPK fertilizer was found to increase significantly with increase in the salinity level from 0.05 %o to 32.4 %. The 96 hr LCso value at
salinity of 32.4 %o was 0.11mg/l and was found to be significantly (p < 0.05) higher than the toxicity values at any other salinity level
of media evaluated. The implication of the findings is that pollution control standards and/or safe limits for brackish water ecosystem
should consider variations in salinity regimes for greater relevance and reliability.
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Introduction

In recent times, several aquacultural researches have
been directed towards identifying fishes already intensively
farmed that can survive and grow in brackish and /or seawater
environment (Chervinski, 1981; Ezenwa, 1984; Chukwu, 1999,
2002). In Africa and other tropical regions, there are vast
coastal swamp lands estuaries and lagoon areas of saline soils
where there is little or no competition for land use (Satia, 1990).
These saline regions of freshwater shortage could be reclaimed
for fish culture operations. However, with the current trend of
increased industrialisation and urbanisation and use of agro-
chemicals has come a greater risk of pollution of coastal
estuarine lagoons and mangrove swamps.

The use of fertilizer in aquaculture is as important as
it is in agriculture. According to Adesiyan (1992) most of the
important sources of fertilizer pollution in aquatic environment
comes from agricultural lands, liquid effluents from nitrogen-
phosphorus-potassium (NPK) fertilizer processing plants,
spillage during offloading at jetty and during fertilization and
liming. The impact of fertilizers as a pollutant on fisheries has
been reviewed by Waldichuk (1974). Perhaps the most
important effect of agro-chemical pollutant in the aquatic
environment is ecological disruption. Pearson and Betterbridge
(1977) reported that various kinds of agro-chemical pollutants
including fertilizers have different effects on different
organisms, the intensity of which depends on the genetic make
up of the species, its previous history as well as temperature,
pH and salinity. From salinity tolerance experiments by
Chervinski (1981) it was observed that Tilapia guineensis when
exposed to high salinities of order of 14.40 %o to 32.5 %o
showed signs of stress. Since salinity changes induce
physiological responses in fishes, such changes may also
influence their susceptibility to toxicants. Tilapia guineensis
though found in freshwater environment is a brackish water fish

distributed along the coastal lagoons and estuaries of West
Africa (Pullin and Lowe-McConnel, 1982). As the fish is now
considered as a suitable cultivable fish species in brackish
water environment, studies on factors affecting its survival are,
therefore, imperative in view of the present emphasis on
aquaculture development in West Africa as well as in the world,
in general. The present study attempts to determine the acute
lethal toxicity of NPK fertilizer against fingerlings of Tilapia
guineensis under varying salinity regimes.

Materials and Methods

Source and maintenance of test organisms: Tilapia
guineensis (Bleeker, 1862) fingerlings of mean standard length
3.38+0.88 cm and body weight 2.45+0.56 g were obtained from
Alakotomeji Fish Farm, Badagry in Nigeria. The fish were
acclimatized for 14 days in large tanks (30cm x 30m x 70cm),
containing dechlorinated and aerated tap water under laboratory
conditions (Temperature 30.0 + 2°C; Relative humidity
78.0+3%). The fish were fed with pellets of NIOMR® fish feed
(Ufodike and Onusiriuka, 1990), once daily at 3% of their body
weight. Acclimatization of test organisms to laboratory
conditions was in accordance with guidelines for bioassay
techniques (APHA, 1985).

Test compound and media: The test compound used in this
study is the nitrogen — phosphorus-potassium (NPK) 15:15:15
inorganic fertilizer. Sea water was collected from the Lagos Bar
Beach, filtered and stored in 25 liters plastic containers.

Bioassay: Acute semi-static bioassays were conducted in the
laboratory following the methods of APHA (1985). Graded
concentrations of the NPK fertilizer were prepared according to
the method of Ufodike and Onusiriuka (1990). A preliminary test
was carried out to ascertain the range of concentrations to be
used before the final bioassay. Ten fish were exposed to each
of the five toxicant concentration (0.80, 0.85, 0.90, 0.95 and
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Fig. 1: The influence of salinity changes on the toxicity of NPK fertilizer against Tilapia guineensis fingerlings.

1.20 mg/l) and untreated control at each pre-determined salinity
regime (0.05 %o, 14.4 %o, 28.89 %o and 32.4 %) in replicates.
The pH, temperature, total alkalinity and dissolved oxygen
content were measured daily following APHA (1985).

Quantal/behavioural response: The behaviour and general
conditions of the fish were observed during the bioassay.
Mortality was used as a measure of toxicity. Fish were
considered dead when they failed to show any sign of
movement or response to gentle prodding with sharp object.
(Chukwu and Ugbeva, 2003). The fish were examined for
mortality at 24, 48, 72 and 96 hr.

Statistical analysis: Dose mortality results were analysed with
a computer programme using Probit analysis after Finney
(1971), the values of LCso and their confidence limits were
obtained and tabulated as adopted by Don Pedro (1989) and
used as indices for assessing the susceptibility of the test
organisms to the toxicants. The indices of toxicity measurement
derived from these analyses were LCso (median Lethal
concentration that causes 50% response [mortality] of exposed
organisms), LCos (Lethal concentration that causes 95%
response [mortality] of exposed organisms) and T.F. (toxicity
factor for relative potency measurements).

Results and Discussion

Physico-chemical parameters of test solution: The physico-
chemical parameters of the test solutions varied slightly with
mean temperature of 25.0+1.35°C, pH 7.8+0.18, alkalinity
25.6+0.38 mg/l and dissolved oxygen content of 9.5+0.14 mg/l.
Addition of the toxicants did not significantly alter water quality

(Fcal 26.91, Fian 3.11; DF 5; p < 0.05). The physico-chemical
parameters for all the test solutions in this study were found to
have fluctuated slightly. According to Boyd and Lichtkoppler
(1979) water quality parameters such as dissolved oxygen, pH,
hardness and temperature affect the toxicity of chemicals to
fish.

Influence of salinity on acute toxicity of NPK fertilizer
against Tilapia guineensis fingerlings: The acute toxicity of
NPK fertilizer against Tilapia guineensis fingerlings increased
steadily with increasing salinity levels from 0.05%o. to 32.4%o
(Table 1 and Fig. 1). At 32.4%o, the toxicity of NPK fertilizer
based on derived 96 hr LCso was 0.111 mg/l which was
significantly (no overlap in 95% CL of 96 hr LCso) higher than
the toxicity values at any other salinity level of media evaluated
(Table 1). Similarly, on the basis of computed toxicity factor (96
hr LCso value ratios), NPK fertilizer at salinity level of 32.4 %o
was about two, three and seven times more toxic than salinity
levels of 24.8 %o, 14.4 % and 0.05 %o respectively when tested
against T. guineensis fingerlings (Table 1).

The result of the toxicity test of NPK fertilizer against
Tilapia guineensis fingerlings showed that NPK fertilizer like
most agro-chemical substances is toxic to animals at high
concentrations. Furthermore, the 96 hr LCso value decreased
as the time of exposure and salinity of test media increased.
For example, the toxicity factor for the 96 hr LCso at salinity
32.4%0 was 7.7 times more toxic than those of other salinity
levels of media evaluated in this study. These results suggest
that the toxicity of NPK fertilizer to estuarine animals may be
synergized by osmotic stress at the salinity extremes



689

ings of fertilizer

ingerli

ia fi

Differential response of Tilap

W Bas Auies X0} 1S0W Jo %597 Y 96

SuwBaI AUIES 18I0 10 B0 T Y 95
(Jy 96 ‘2L ‘8F) JY Jayi0 12 punoduwod 183] J0 0507

Jopey Aol =24°)

14 ¥ ¥8 pUnoduiod 1§31J0 = = Jopey fparxol =441
b 1BE XZZVE+SSSl=A € Lg0  TTle (999°0-102°1)025 | (0S70-0990)L 110 (Zirooev0leel 0 96 (*%0¥2E
99} XEZE 1+4281=A | 0EEL €L (290108019211 (025'0-026'0)92¥ 0 (0z#'0-0¢8°0) 171 0 ZL Auies)
€1l XZEC1+0900=A 0850  099F (0250028 °0)20') (1E6°0-677 012880 (122°0-196°0)85 1 0 gy Jajemess
00} XZO9LZ+¥EF0=A | 1980 199L (106°0-026°0)022' ($28°0-2€€0JSEF 0 (0ge°0-Z8¥0)981 0 174 %06
wz 122 X095 Z+7P0=A 2 ZvT0  #ESC (077068819627 ) (BE7'0-67€0/992°0 (082°0-€€5°0)2% 1 0 96 (%842
vl X0SEZ+HEEL=A ) 29T ZEL¥ (¥E0-€22'1)29¢") (275 0-672 00%E°0 (629°0-862°0)59 zl fAuies)
o'l XLLVG+PELO=A L I8E9L  p0ZE (918°01€5°2)105) (289°0-725 012y 0 (€2#'0-952°0)26 g Jajemesg
00} X0LGZ+926l=A  Z 8T 1092 (2180-29% L0} ) (26€'0-829'0)06S 0 a;d%wemwg 174 %08
B2 181 XCIBTHETI=A ¥ 810 2187 (196°0€52°2)80% (£82°0-L570)69€°0 (80°0-051 0)#80°0 96 (%t p)
g8rl XPLLT+E60=A € 0E0  FLLT (¥z1°1-88¥7°€)508' (0P€0-695 0JSHH 0 (2¥0°0-002°0)04 1 0 ZL fyues)
8zl Xe8re+s00l=A € P6E0  287'E (280°1-Lpp 2)zes ) (LL70-62901718°0 (260°0-£92°0)€L 10 8y Iajemesg
00} XBLZ9+6ZLI=A T 089°F 8.9 (0660609 L1LZ'} (695°0-6720/199°0 (6€2°0-8L¥0)19E0 174 %0p
LLL 080 XSeCeZ+6Z9l=A ¥ ¥8S7Z  989°CT (£96°0-190'1)200° (072'0-288°0/£98°0 (169°0-€6L0)7LL O 96 (%S00
090} X82L'9Z#BLEl=A  F 9T 9219T (€26°0-280°1)¥20') (£92'0-206'0/988°0 (212700180990 4] fAuies)
060'L  XELBQI+POF0=A €  €I6€L €189 (60°1-99€°1)9L L) (106'0-9.26'0)8€6°0 (279°0-218°0)87L 0 gy Igjemesg
8_3 XLLETI+B620=A 7 69LZL  LIET) (871°16/8'1)982') (298°0-00'1)9¥6°0 (LEF0-008°0/9690°0 ¥ %0
no“_u”“ uopjenba edojs jo (1/Bw) (1/6w) (1/6w) (ay)] elpaw
(t31) Anaixol uojssaibay  Jp 9dueuep  adojg (14%56) €01 (14% S6) %01 (4% §6)507 Juewneas] ¥s8

‘sawnba. Aunes sepun sBulabuy sisusaunt eidep| 1suieBe Jazi1a) MdN Jo fiko] | - 8|qeL



690

investigated and therefore their sensitivity during the peaks of
rainy season and dry seasons.

Earlier workers (Eddy, 1981; Pickering, 1981) have
demonstrated the effect of salinity or chloride ion concentration
on the susceptibility/tolerance of organisms exposed to
pollutants. Bertinger and Huey (1981) reported that progressive
increase in environmental chloride concentration from <6.1mg/|
to 300 mg/l increased toxicity of nitrate to crayfish Procambarus
simulans, Eddy (1981), using Clibanarius africanus as the test
organisms had reported that the median lethal toxicity of
Escravos crude oil blend was found to decrease with increasing
salinity, indicating that the crude oil was more toxic at high
salinities than at low salinities. Recent studies by Oyewo and
Don-Pedro (2003), have shown that salinity influenced the
toxicity of heavy metals to Tilapia guineensis and Nerita
senegalensis at salinity levels above 25%o.

Symptoms NPK fertilizer toxicity: Tilapia guineensis
fingerlings showed sensitivity to the toxicants by an initial
increase in restlessness, rate of uncoordinated movement, loss
of equilibrium and death. This abnormal behaviour was more
pronounced in test media of higher sainities. The osmotic
stress induced by sudden variation in the ambient osmotic
concentration of a fish is often associated with net gain or loss
or no change of water content depending on the osmotic
concentration of the medium (Chukwu, 1999, 2002). Teleost
fish osmoregulation is largely the result of integrated transport
activities of the gills, gut and renal system (Foskett et al,
1981). However, Oyewo and Don-Pedro (2003) suggest that
truly brackish water animals may be expected to have the
capacity for osmoregulation over a wide range of salinity. It is
probable that this will be done most efficiently at the optimum
range which may be between 10-20%.. Foskett et al. (1981)
reported that seasonal fluctuations in salinity as a result of
evaporation and flooding of rivers and estuaries probably
affected the osmotic and ionic concentrations of the body fluid
of teleost fishes.

From the result in this study, it is postulated that
euryhaline teleost fishes are under physiological stress
particularly at the peaks of the dry and wet seasons, and such
stress may easily synergise the toxicity of common priority
pollutants including inorganic fertilizers. Thus, pollution control
standards and/or safe limits for brackish water ecosystem
should consider variations in salinity regimes for greater
relevance and reliability.

L.O. Chukwu and H.A. Okpe
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