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Abstract 

The effects of sublethal concentrations of formalin on the erythrocyte counts and plasma 
glucose of Nile tilapia, Oreochromis niloticus, were investigated using static bioassays and 
continuous aeration during a 12-week exposure at concentrations of 25.0, 6.25, 3.125, 1.56 and 

0.00 (control) mg·l·1• The toxicant led to anemic and hyperglycemic responses in the test fish. The 
severity of these conditions was directly proportional to the toxicant concentration. However, at 

1.56 mg·l-1 concentration no significant effects (P>0.05) were observed in the test fish. Precautions 
in the successful use of formalin to control ectoparasites on fish is discussed. 



Introduction 

Formalin has long been a traditional treatment of fish ectoparasites and it 
is usually efficient at concentrations of 167-250 mg·l·1 for 1 hour (Roberts 1978). 
It is applied by bath, flush or flowing treatment methods and has proved 
effective against most ectoparasitic protozoans and some monogenetic 
trematodes. A concentration of 500 mg·l·1 for 30 minutes has proved effective 
against the salmon louse lepeophtheirus salmonis (Hastein and Bergsjo 1976). 
Meyer and Collar (1964) reported that it could be used at 25 mg·l·1 for an 
indefinite length of time in bath treatment. 

Many chemical agents used in the treatment of external infestations of fish 
have been known to have cumulative adverse effects on the fish. Wedemeyer 
(1971) attempted to quantify the stress of chemical treatments in rainbow trout, 
Oncorhynchus mykiss, and coho salmon, 0. kisutch, and there seemed little 
doubt that repeated use of disinfectant chemicals such as formalin might cause 
considerable damage to gill epithelia. Smith and Piper (1972) reported that 167 
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transferred into a test tube and made up to 2 ml using distilled water. The glu
cose content was quantified using the anthrone method as modified by 
Wedemeyer and Yasutake (1977). 

Analysis of variance with the Duncan's mul tiple range F test (Duncan 1955) 
was determined for each of the sampling periods. 

Results 

The water quality parameters in the test aquaria did not vary significantly 
from those of the control aquaria (Table I). All were within suggested tolerance 
range (Mackereth 1963). Nevertheless, the formalin led to significant depletion 
(P<0.05) in the erythrocyte counts of the exposed fish (Table 2), the depletion 
being proportional to the toxicant concentrations and sampling periods. Signifi
cant increases (P<0.05) in plasma glucose were observed in exposed fish 

Table 1. Mean water quality parameters* obtained during exposure of the Nile tilapia, Oreochromis niloticus,

to sublethal concentrations of formalin for 12 weeks. 

Parameters R>rrnalin concentrations (mg•tl) 

25.00 12.50 6.25 3.125 1.56 0.00 (control) 

Temperature (°C) 24.04 (0.06) 24.09 (0.07) 24.25 (0.06) 24.27 (0.06) 24.56 (0.03) 24.23 (0.06) 

Dissolved oxygen (mg-1·1) 6.91 (0.04) 6.90 (0.06) 7.02 (0.06) 6.95 (0.05) 6.92 (0.04) 6.93 (0.07) 

Carbon dioxide (mg·J·1) 4.72 (0.05) 4.96 (0.04) 4.86 (0.03) 4.82 (0.04) 4.64 (0.07) 4.94 (0.03) 

Alkalinity (mg·J·1) 32.97 (0.03) 33.49 (0.30) 36.88 (0.08) 34.17 (0.04) 34.19 (0.20) 32.83 (0.20) 

pH 6.76 (0.05) 6.63 (0.04) 6.58 (0.02) 6.65 (0.03) 6.54 (0.03) 6.74 (0.03) 

NH3 (unionized) 0.22 (O.QI) 0.23 (0.03) 0.22 (0.01) 0.23 (0.01) 0.22 (0.01) 0.22 (0.01) 

*Mean values with standanJ deviation in parentheses.

Table 2. Mean erythrocytes (x106 cells·mI·I)* of the Nile tilapia., Oreochromis niloticus, exposed to
various sublethal concentrations of formalin for 12 weeks 

Concentrations Exposure period (weeks) 

(mg-1·') 2 4 6 8 10 12 

25.00 6.5 (0.02) 5.4 (0.02) 5.0 (0.01) 4.5 (0.01) 4.3 (0.01) 4.1 (0.01) 

12.50 7.2 (0.02) 6.6 (0.40) 5.8 (0.02) 5.6 (0.02) 5.3 (0.01) 5.1 (0.02) 

6.25 7.5 (0.01) 7.3 (0.02) 6.9 (0.01) 6.4 (0.02) 6.0 (0.02) 5.8 (0.01) 

3.125 8.5 (0.03) 8.0 (0.01) 7.8 (0.02) 7.5 (0.01) 7.2 (0.01) 7.2 (0.01) 

1.56 9.9 (0.04) 9.7 (0.02) 9.4 (0.01) 8.9 (0.01) 8.6 (0.01) 8.2 (0.02) 

0.00 11.3 (0.03) I I.I (0.03) 
(control) 

II.I (0.01) 10.8 (0.03) 11.4 (0.04) II.I (0.02) 

•Mean values with standard deviations in parentheses.
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Tobie 3. Mean plasma glucose (mg·mI-1)• of the Nile tilapia, Oreochromis niloticus, exposed to
various sublethal concentrations of formalin for 12 weeks. 

Concentrations F.xposure period (weeks) 

2 4 6 8 

25.00 0.061 (0.01) 0.065 (0.09) 0.071 (0.02) 0.088 (0.02) 

12.50 0.053 (0.01) 0.059 (0.04) 0.063 (0.05) 0.072 (0.06) 

6.25 0.042 (0.08) 0.045 (0.02) 0.051 (0.08) 0.058 (0.01) 

3.125 0.032 (0.04) 0.036 (0.14) 0.042 (0.01) 0.048 (0.02) 

1.56 0.030 (0.01) 0.030 (0.08) 0.033 (0.01) 0.038 (0.06) 

0.00 0.029 (0.02) 0.027 (0.04) 0.032 (0.01) 0.031 (0.02) 
(control) 

•Mean values with standard deviations in parentheses. 

10 

0.088 (0.01) 

0.075 (0.02) 

0.063 (0.04) 

0.053 (0.09) 

0.040 (0.01) 

0.030 (0.01) 

12 

0.092 (0.03) 

0.081 (0.02) 

0.065 (0.01) 

0.056 (0.03) 

0.043 (0.01) 

0.031 (0.02) 

(Table 3), the increase being proportional to the toxicant concentrations and 
sampling periods. The erythrocyte counts and plasma glucose of fish exposed 
to 1.56 mg·l·1 formalin were not significantly different (P<0.05) from those of 
the control groups. 

Discussion 

Sublethal concentrations of toxicants in the aquatic environment will not 
necessarily result in outright mortality of the aquatic organisms. However, they 
have significant effects which result in several physiological dysfunctions as 
earlier reported by Edwards (1970) and 0moregie et al. (1990). A dose
dependent impairment in the erythrocyte count and plasma glucose of 0. 
niloticus was observed when the fish were exposed to various sublethal con
centrations of formalin for 12 weeks in static bioassays with continuous aeration 
system. The most adverse effects were observed in the group of fish exposed to 
25 mg·l·1 of the toxicant. The fish had a progressive decrease in erythrocyte 
count and increase in plasma glucose as exposure time increased. 

Reduction in erythrocytes reported in this investigation indicated that 0. 
niloticus exposed to sublethal concentrations of formalin became anemic, 
which according to Wedemeyer et al. (1984) is due to hemodilution resulting 
from impaired osmoregulation across the gill epithelium. Smith and Piper (1972) 

had earlier reported that 167 mg·l·1 of formalin led to the destruction and 
desquamation of the gill epithelium which, according to Davies et al. (1976), 

leads to impaired gaseous exchange across the gill lamellae of rainbow trout. 
Similar reductions in the erythrocytes of Baltic salmon Sa/mo salar, and channel 
catfish Ictalurus punctatus, exposed to Malachite green were reported by 
Glagoleva and Malikova (1968) and Grizzle (1977), respectively; and in Nile tila
pia exposed to Gammalin 20 and Actellic 25 EC by 0moregie et al. (1990). 

Changes in erythrocyte count were reported by Wedemeyer and Yasutake 
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(1977) and Clarke et al. (1979) to be a strong indicator of stress due to pres
ence of toxicants in the aquatic environment. 

The progressive accumulation of plasma glucose reported in this investiga
tion indicated that 0. niloticus exposed to sublethal concentrations of formalin 
became hyperglycemic. Wedemeyer (1973) documenter! that fish show marked 
hyperglycemic response to stressful environmental conditions, as a result of in
complete metabolism of the blood sugar due to impaired osmoregulation 
(Omoregie et al. 1990). Earlier reports by Oguri and Nace (1966) and McLeay 
and Brown (1975) subscribe to the observation of this investigation. 

Formalin is widely used by fish farmers in the tropics to treat ectoparasitic 
infestations of fish. Though this is legal, the deleterious consequences on the 
health of fish subjected to nominal chronic exposure calls for more research 
and precautions in its usage. It is vital to crosscheck calculations of dosage and 
to monitor the prescribed exposure time for the beneficial use of the 
compound. 

Acknowledgements 

The authors thank the Department of Zoology, University of Jos, Nigeria, for 
providing the research materials; and laboratory assistants for this research. 

References 

APHA (American Public Health Association), American Water Works Association, and Water Pollu
tion Control Federation. 1980. Standard methods for examination of water. 15th edition. 
APHA, Washington, D.C. 1076 pp. 

Blaxhall, P.C. and K.W Daisley. 1973. Routine haematological methods for use with fish blood. 
Journal or Fish Biology 5:771-781. 

Clarke, S., J.R. Whitemoere and R. McManou. 1979. Considerations or blood parameters or large 
mouth, Micropterus salmoides. Journal of Fish Biology 4:147-158. 

Davies, P.H., J.B. Goettle, J.R. Sinley and N.F. Smith. 1976. Acute and chronic toxicity of lead to 
rainbow trout, Salmo gairdneri in hard and soft water. Water Research 10: 199-206. 

Duncan, D.B. 1955. Multiple range and Multiple F - test. Biometrics 11:1-42. 
Edwards, C.A. 1970. Persistent pesticides in the environment. CRC Press, Cleveland, Ohio. 
Glagoleva, T.P. and E.M. Malik.ova. 1968. The effects of Malachite green on the blood composition 

of young Baltic salmon. Rybnoe Khozyajstvo (Moscow) 44:15-18. 
Grizzle, J.M. 1977. Haematological changes in fingerlings channel catfish exposed to Malachite 

green. Progressive Fish-Culturist 39:90-93. 
Hastein, T. and T. Bergsjo. 1976. The salmon lice, Lepeopheirus salmonis as the cause of disease 

in farmed salmonids. Rivista Italiana di Piscicoltura e Ittiopatologia 11 :3-5. 
Mackereth, F.J.H. 1963. Some methods .of water analysis for limnologists. Freshwater Biological 

Association Scientific Publication, No.21. 70 pp. 
McLeay, D.J. and D.A. Brown. 1975. Effects of acute exposure to bleached Kraft pulpmill effluent 

on carbohydrate metabolism of juvenile coho salmon (Oncorhynchus kisutch) during rest 
and exercise. Journal of the Fisheries Research Board of Canada 32:753-760. 

Meyer, F.P. and J.D. Collar. 1964. Description and treatment of Pseudomonas infection in white 
catfish. Applied Microbiology 12:201-203. 

Oguri, M. and P.F. Nace. 1966. Blood sugar and adrenal histology of the gold fish after treatment 
with mammalian adrenocorticotrophic hormone. Chesapeake Science 7:198-202. 

Omoregie, E., E.B.C. Ufodike and R.I. Keke. 1990. Tissue chemistry of Oreochromis niloticus 
niloticus exposed to sublethal concentrations of Gammalin 20 and Actellic 25 EC. Journal of 
Aquatic Science 5:33-36. 






