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Toxicity of naphthalene was carried out on Metapenaeus affinis (H. Milne Edward, 1837) to investigate its effects on 

growth , metabolic index and biochemical constituents. Growth rate in terms of weight gain was 32.13% in control, 12.12% 

in 0.125 ppm and only 5.22% in 0.25 ppm. Metabolic index assessed in terms of oxygen consumption showed a reduction in 

respiratory rate up to 44.4% in prawns exposed to naphthalene. Activity increased initially but reduced subsequently. 

Protein content and organic carbon of the body tissue of juveniles showed reduction on exposure to naphthalene. Inhibitory 

effect was dose dependent and duration of exposure. However, the lipid content increased after exposure to naphthalene. 

Changes in the growth and respiratory rate and other biochemical constituents resulting from exposure to naphthalene 

indicate some adaptive response and recovery during detoxification in the prawns exposed to pollutant. Study revealed that 

the physiological and biochemical parameters could be used as indicator of stress condition in aquatic organisms and the use 

of naphthalene should be regulated because of its toxic nature.  
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Introduction 

Naphthalene is one of the major constituents of 

produced water soluble fractions of petrogenic oils
1
. 

Naphthalene is among the most toxic fractions of oil 

to marine organisms and has most narcotic effects 

among all polycyclic aromatic hydrocarbon
2
. 

Potential impact of naphthalene to environment and 

biota has been reviewed
3,4

.
 
Sublethal concentration of 

PAH often affect the physiology and biochemistry of 

the aquatic organisms
5
. Principal mechanism behind 

PAH toxicity is that they bind to the hydrophobic 

sites of macromolecules of the cell resulting in 

molecular and cellular damage and thereby causing 

disturbances in normal functioning of the 

physiology
6
.  

Experimental approaches have long been used to 

determine the acute and sub-lethal effects of 

pollutants on physiological processes
7
. Many PAH 

are known to modify physiological activities in 

marine organisms, whereby altering the reproductive 

output of such organisms
8
. Studies on changes in 

physiological processes in organisms exposed to sub 

lethal concentrations of hydrocarbons are of great 

help in identifying the fitness of the organisms. In the 

present study we have determined the toxicity of 

naphthalene and its effect on the physiological 

activities such as growth, oxygen uptake and 

biochemical constituents of a commercially important 

prawn Metapenaeus affinis under laboratory 

condition. 

 

Materials and Methods 

Juveniles of Metapenaeus affinis were collected 

from Mandovi estuary and transported to the 

laboratory. Extreme care was taken to avoid any 

injury to the specimen while handling. Prawns were 

acclimatized to the laboratory condition in glass 

aquaria for 96 hours prior to the toxicological 

experiments. During this period they were fed with 

commercial diet. Naphthalene has low solubility in 

water, and hence analar grade acetone was used as 

solvent. Stock solution having Nap concentration of 

1.5mg Nap ml
-1

 acetone was prepared
9
. From the 

stock solution, required concentrations of 

Naphthalene were prepared and added to the seawater 

(25 psu) in each tank. Concentration for the sub-lethal 
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toxic effect evaluation was selected after evaluating 

the 96 hours LC50. 

A static bioassay technique was followed to 

evaluate the toxic effect of the naphthalene. 

Following successful acclimatization, test animals of 

uniform size (40 ± 0.5mm TL) were selected for 

experimental purpose. Ten healthy juveniles were 

introduced into the aquaria containing seawater and 

Nap concentration. The total length (TL) and wet 

weight of test organism was taken individually prior 

to the inoculation. Salinity of seawater was 

maintained same as to the natural habitat of the test 

organisms (i.e.25 psu). All bioassay tests were carried 

out in duplicate and a control was maintained. Six test 

concentrations of Naphthalene (0.125, 0.25, 0.5, 1.0, 

1.5, 2.0 ppm) were prepared from the stock solution 

in six aquaria. Feeble aeration was provided in each 

tank to keep the optimum dissolved oxygen level in 

the tank. Acute toxicity test were carried out 

according to the method given in APHA
11

 and acute 

toxicity was determined by experimenting with 

increasing narrower ranges of Nap concentration. The 

number of dead prawn was recorded in each aquarium 

at 24, 48, 72 and 96 hours interval. The experiments 

were carried out at room temperature (30±1°C) with 

filtered seawater having 25 psu salinity, dissolved 

oxygen 4.5+0.5 ml l
-1

 and pH 7.5 and free ammonia 

0.95-µ mol l
-1

 (Table 1). The LC50 values were 

calculated by probit analysis
10

. 

For the study of growth two sublethal 

concentrations (0.125 and 0.25 ppm) of naphthalene 

were selected, to get a wider range effect. 

Concentrations were based on 96 hrs LC 50 value. In 

each concentration 10 juveniles of uniform size (40±2 

mm) were selected and introduced. Initial average 

length (mm) and weight (mg) were noted down prior 

to introduction in the tank. Total length was measured 

in mm and wet weight taken after 30 days exposure. 

During the experiments static renewal bioassay was 

followed in which experimental medium was changed 

every alternate day. During the experiment the 

juveniles were fed with inert diet and slow aeration 

was provided. 

For the oxygen consumption a 6 L capacity 

rectangular glass jar was used. Sublethal 

concentration chosen for the oxygen consumption 

was 0.25 ppm, based on 96 hr LC50 value. Two tanks 

were maintained, one as control and other with 

naphthalene. Tanks were covered with black carbon. 

In each tank one animal was introduced in 5 L water. 

Tops of the tanks were sealed with liquid paraffin to 

avoid any contact with atmosphere. Oxygen uptake 

was measured at hourly interval for 6 hours by 

siphoning required amount of water and measuring 

oxygen concentration by Winkler’s method. 

Test juveniles were exposed to wide range of sub-

lethal concentrations (0.125, 0.150, 0.20, 0.25, 0.35 

and 0.45 ppm) for 4 weeks to see the effect of graded 

naphthalene on biochemical constituents. A control 

was maintained. At the end of the experiment all the 

prawns were collected from each aquaria for the 

analysis of biochemical constituents. Samples were 

dried in an oven at 60°C to get constant weight. The 

dried samples were finally powdered and stored in a 

desiccator until analysis. 

Total carbon and nitrogen were determined with a 

CHN Analyzer (Perkin-Elmers-PE 2400) using 2-mg 

dry powdered sample. Protein was calculated by 

multiplying the Nitrogen values with a factor of 6.25. 

Lipid was estimated by the method of Parson et al
12

. 

 

Results and Discussion 
 

Acute Toxicity  

The percent survival of M. affinis in various 

concentrations of naphthalene is given in Table 2. 

The LC50 values of naphthalene were determined by 

Table 1—Physico-chemical parameters of the test medium 

 

Environmental parameters Value 

  

Temperature (oC) 30.0±1.0 

pH 7.5±0.6 

Dissolved oxygen (ml l-1) 4.5±0.8 

Salinity (psu) 25.0±1.8 

Ammonia (µM) 9.55±0.16 
 

Table 2—Survival rate of M. affinis on exposure to naphthalene 

 

Concentration of  % survival rate (hr) 

naphthalene (ppm) 24  48  72 96  

Time (hours)     

     

Control 100 100 100 100 

0.125 100 100 100 100 

0.25 100 100 100 100 

0.50 100 80 80 80 

1.0 100 80 60 40 

1.5 80 60 50 40 

2.0 50 40 20 20 
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plotting the cumulative mortality percentage after 96 

hours against the varying concentrations.  

The LC50 values for 24 hr, 48 hr, 72 hr and 96 hrs 

was 1.98, 1.74, 1.56 and 0.98 ppm, respectively 

(Table 3). The 96 hrs LC50 value was taken as basis 

for evaluating the physiological effect of pollutant 
13

. 

The LC50 values decreased with an increase in the 

exposure time. This implies that the tolerance of M. 

affinis to naphthalene decreased with increase in 

experimental time. It has been reported that medium 

to low boiling point aromatics such as naphthalene 

are the most toxic petroleum fractions to marine 

organisms
9 

and the majority of effect concentrations 

ranged from 0.4 to 5 mg l
-1

. There are very limited 

data on the chronic naphthalene exposure
4
.  

The increase in total length (mm) and wet weight 

(mg) of the juveniles were recorded after 30 days 

exposure (Table 4). From the initial average length of 

40mm and 778 mg weight, the prawns achieved the 

growth of 63 mm in length and 1028 mg in weight at 

the end of the 30
th
 day in control. Under the treatment 

of naphthalene (0.125 mg/l) the prawn grew from an 

initial average length of 41 mm and weight of 775 mg 

to 57 mm and 870 mg, respectively. In the higher 

concentration of 0.25 mg l
-1

 the growth in length was 

from 41 mm to 53 mm and in weight 765 mg to 805 

mg, respectively. The growth increment in terms of 

weight gained was 32.13 in control, 12.25% in 0.125 

ppm and 5.22% in 0.25 ppm, respectively. The 

differences were significant (p<0.05). The prawns 

exposed to sublethal concentration of naphthalene 

weighed significantly lower than control (p<0.05). 

Adam and Rice
14

 reported slower growth rate in 

juveniles of pink salmon exposed to water-soluble oil 

and naphthalene. 

The growth of the prawn mainly depends on the 

physiological moulting process. Naphthalene is 

reported to inhibit moulting in speckled prawn, 

Metapenaeus monoceros
15

. It has been suggested that 

uptake rate of naphthalene depends on their 

concentration in water
16

. The results obtained from 

exposure of prawn to different concentration 

corroborate the earlier findings. 

The measurement of oxygen consumption provides 

an index for sublethal stress condition and for 

biomonitoring the potentially toxic chemicals that 

elicit this response. Effect of naphthalene on oxygen 

consumption is given in Table 5. The respiratory rate 

increased initially in the chambers. This could be 

attributed to the oxidative stress induced by 

naphthalene
7
 and increased movement activity due to 

excitability of the prawn in the new medium
17

. When 

the animal is under stress and in motion, it consumes 

more oxygen to sustain its life. The percent 

respiratory rate dropped significantly (p<0.05). The 

decrease was more rapid in the tanks having 

naphthalene than in control and the changes were 

more pronounced after 6 hours. The percent reduction 

in respiratory rate was up to 44.4% in naphthalene. 

Since the oxygen consumption is an index of 

respiratory metabolism; the fluctuation in the activity 

of respiratory enzymes will serve as an early marker 

to assess the extent of pollution in aquatic animals
18

. 

On an average the oxygen consumption by the prawn 

in control was found to be 0.35-mg g
-1

 body 

weight/hour and by the exposed prawn 0.24 mg g
-1

 

Table 3—LC50 values of different exposure time in 

Metapenaeus affinis 

 

Exposure time (hr) LC50 value (ppm) 

  

24  1.98 

48  1.74 

72  1.56 

96  0.98 
 

Table 4—Effect of naphthalene on the growth of M. affinis after 

30 days exposure 

 

Concentration 

in ppm 

Initial 

length in 

mm 

Initial 

weight 

in mg 

Final 

length 

in mm 

Final 

weight in 

mg 

     

control 40±1.9 778±15 63±3.6 1028±17 

0.125 411±2.2 775±16 57±1.8 870±16 

0.25 41±1.6 765±14 53±1.9 795±12 

Table 5—Effect of naphthalene on the oxygen consumption of M. affinis 

 

Concentration Dissolved oxygen consumption (mg g-1 body weight hr-1) 

(ppm) 1st hour 2nd hour 3rd hour 4th hour 5th hour 6th hour 

        

Control 0.54±0.016 0.58±0.009 0.34±0.012 0.18±0.005 0.11±0.003 0.08±0.002 

0.25 0.18±0.005 0.43±0.007 0.35±0.009 0.23±0.007 0.18±0.006 0.108±0.007 
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body weight/hour. An initial increase in oxygen 

consumption of Etroplus suratensis exposed to 

hydrocarbons, with a subsequent decrease was 

observed
19

. After prolonged exposure the decrease in 

oxygen consumption suggest a narcotic effect of 

naphthalene. The fish possess a variety of cellular 

mechanisms which protect against the deleterious 

effects of naphthalene during the metabolic process
20

. 

During the process of oxygen uptake through 

aquatic medium, the entry of naphthalene would have 

taken place into the body of prawn. The xenobiotic 

chemicals affect the respiratory system by causing 

respiratory and circulatory failure or by specific toxic 

action
21

. In other studies reduction in the oxygen 

consumption in crustacea on exposure to fuel oil has 

been reported
22,23

. Bates et al.
4 

reported that the 

naphthalene contaminated invertebrates when 

exposed to uncontaminated water; the naphthalene 

gets depurated rapidly within few days. 

The values of biochemical constituents of juvenile 

M. affinis on exposure to naphthalene is given in 

Table 6. All the constituents except lipid decreased 

with increasing concentration of naphthalene. The 

effect was dose and duration dependent. Carbon 

content decreased with increasing concentration of 

naphthalene as compared to the values in control. 

Changes in hematological constituents are reported 

on exposure to naphthalene in crabs
6
. 

Extent of decrease was 3.5% in the lowest 

concentration of 0.125 ppm, and 12.9% in the highest 

concentration of 0.45 ppm. Effect was dose 

dependent. Similar effect was seen in the case of 

nitrogen and protein. Average value of protein in the 

prawns of control tank was 43.33. On exposure to 

naphthalene, the protein content reduced significantly 

(p<0.05) under all concentrations. Small degree of 

protein damage at cellular level has been reported in 

small crustaceans
1
 after exposure to low levels of 

naphthalene.  

The reduction was to the extent of 2.53% in 0.125 

ppm, 13.86% in 0.15 ppm, and 51.0% 0.45 ppm. 

Effect was inversely related to naphthalene 

concentration. Slower growth rate and decreased 

caloric content in pink salmon exposed to 

naphthalene (<0.8 mg/l) have been reported 
14

. 

Reduction was to meet the extra energy required by 

the animal for metabolic alteration caused due to 

naphthalene stress.  

The average lipid content was 10.13% in control. 

On exposure to naphthalene the concentration 

increased. Increase was to the extent of 17.18% in 

0.25 ppm, 33.94% in 1.0 ppm, 35.46% in 1.5 ppm and 

44.29% in 2 ppm. The effect was directly related to 

dose concentration and was contrary to the reducing 

effect on carbon and protein. Our findings 

corroborate the observation made earlier on exposure 

to petroleum hydrocarbon
24

. 

The trace contaminants like PAH in aquatic 

ecosystem appears to pose environmental hazard 

because of their great toxicity or persistence
25

. The 

hydrophobic chemicals like naphthalene appears to 

get accumulated to the greatest extent and is retained 

by marine animals for a long period
26

. Present study 

revealed that the aquatic organisms loose the 

equilibrium due to alteration in the normal 

physiological activities such as growth, metabolic 

index and biochemical changes after exposure to 

pollutants. Under environmental stress, the organisms 

have to adjust their energy budget to compensate for 

the effects so as to maintain their vital functions
8
. 

Should the available energy be insufficient to 

maintain the standard metabolism and detoxification 

processes, the organism will face severe physiological 

problems and some times die. Present study revealed 

the influence of naphthalene in altering the normal 

physiological and biochemical metabolism resulting 

in breakdown and utilization of important energy 

reserves to overcome the stress caused by the 

pollutant
10

. Changes are manifested by causing 

functional failure of different body organs
7
. Toxic 

effect was directly related to the exposure 

concentration.  

Physiological and biochemical parameters are good 

indicator of stress condition with reference to PAH. 

Table 6—Elemental composition of M. affinis on exposure 

to naphthalene 

 

Concen-  Carbon Nitrogen Protein Lipid 

tration % dry wt % dry wt % dry wt % dry wt 

(ppm)     

     

Control 37.50±3.25 6.95±0.76 43.33±2.78 10.13±2.46 

0.125 36.20±5.12 6.82±0.66 42.26±4.19 12.33±1.78 

0.150 35.12±3.86 6.10±0.92 38.12±4.62 14.34±1.56 

0.20 34.30±4.52 5.22±0.58 32.62±5.11 18.17±2.18 

0.25 34.20±3.94 5.11±0.74 31.93±3.86 18.18±2.52 

0.35 34.00±3.38 5.02±0.82 31.37±3.15 16.23±1.96 

0.45 33.23±4.26 4.59±0.75 28.68±2.78 17.23±2.04 
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Addition of low levels of naphthalene in the 

environment may cause stress and mortality in marine 

biota. It is apparent that mechanistic studies 

evaluating metabolism and disposition of naphthalene 

should continue to get a better understanding of its 

bioavailability for the recreational and commercial 

fishery and marine food chain.  

 

Acknowledgement 

The authors are thankful to the Director of 

National Institute of Oceanography, Goa for 

encouragements. This is contribution No. 4795 from 

NIO. 

 

References 
1 Hansen B H, Altin D H, Vang S H, Nordtug T & Olsen A J, 

Effect of naphthalene on gene transcription in Calanus 

finmarchinus (Crustacea, Copepoda). Aquatic Toxicology, 

86( 2007)157-165. 

2 Vijayavel, D Gomathi, K Durgabhavani & M P 

Balasubramanian, Sublethal effect of naphthalene on lipid 

peroxidation and antioxidant status in the edible marine crab 

Scylla serrata. Mar. Pollut. Bull., 48(2004) 429–433. 

3 US EPA, Ambient water quality criteria for naphthalene. 

Report No. 440/5-80-059, United States Environmental 

Protection Agency, October 1980. 

4 Bates S K Young W & Sutton A, Proposed environmental 

quality standards for naphthalene in water. Environmental 

Agency R &D Technical Report, (2004) p54. 

5 Elumalai M & Balasubramanian M P, Effect of naphthalene 

on phosphatases and esterase in muscle and ovary of 

intermoult marine edible female crab, Scylla serrata. Water 

Air Soil Pollut., 111 (1999) 371–376. 

6 Vijayavel K & Balasubramanian M P, Changes in oxygen 

consumption and respiratory enzymes as stress indicators in 

an estuarine edible crab, Scylla serrata exposed to 

naphthalene. Chemosphere, 63(2006)1523-1531. 

7 Vergas M, Correa M & Chung K S, Indicadores fisiológicos 

em la evaluacion de la toxicidad de hidrocarburos 

aromaticos, Bol. Inst. Oceanogr. Univ. Oriente, 30 (1991) 

57–64. 

8 Porte C & Albaiges J, Bioaccumulation pattern of 

hydrocarbons and polychlorinated biphenyls in bivalves, 

crustaceans and fishes. Arch. Environ. Contamin. Toxicol, 

26(1994) 273-281. 

9 Patel B & Eapen J T, Physiological evaluation of 

naphthalene intoxication in the tropical acrid clam Anadara 

granosa. Mar. Biol., 103 (1989)203-209. 

10 Finney D J, Probit analysis (3rd Edition), Cambridge 

University Press, Cambridge, (1971) P. 337. 

11 APHA, Standard methods for the examination of water and 

waste water, (American Public Health Association, 

Washington, D.C.), (2005) p 1193. 

12 Parson T R, Takahashi M & Hargrave B, Biological 

Oceanographic Processes (third ed.), Pergamon Press, 

Oxford ,(1984) pp.330  

13 Davis J C, Hoos RAW, Use of sodium pentachlorophenate 

and dehydroabietic acid as reference toxicants for salmonid 

bioassays. .J. Fish. Res. Bd. Can. 32(1975)411–416. 

14 Adam M & Rice S D, Effect of crude oil and naphthalene on 

growth, caloric content and fat content of pink salmon 

juveniles in seawater. Tars. Amer. Fish Soc., 112(1983) 205-

211. 

15 Deshmukh V N & Masurekar V B, Naphthalene toxicity to 

the speckled prawn, Metapenaeus monoceros fab: changes in 

the rate of heartbeat. Nat. Acad. Sci. Letters, 9(1986) 123-

127. 

16 Gobes F A P C, A model for predicting the bioaccumulation 

of hydrophobic organic chemicals in aquatic food webs: 

Application to Lake Ontario. Ecol. Model., 69(1993) 1-17. 

17 Unnikrishnan T N & Laxminarayan A, Oxygen consumption 

and ammonia excretion of Penaeus indicus H. Milne Edward 

in different salinities. CMFRI Spl. Publ. No. 19(1985)10-13. 

18 Chinni S, Khan R N & Yallapragada P R, Acute toxicity of 

lead on tolerance, oxygen consumption, ammonia-N-

excretion and metal accumulation in Penaeus indicus post 

larvae. Ecotox. Environ. Saf., 51(2002) 79-84. 

19 Ansari Z A & Farshchi P, Acute toxicity and effect of some 

hydrocarbons on the metabolic index in Etroplus suratensis. 

In: Recent advances in biosciences and oceanography, Edited 

by V.P. Agarwal , (1997) pp. 147–152. 

20 Peters C A, Mukherji S, Knightes C D & Weber W J Jr., 

Phase stability of multicomponent NAPLs containing PAHs. 

Environ Sci Technol., 31(1997)2540–2546. 

21 Rand G M & Petrocelli S R, Fundamentals of aquatic 

toxicology. Hemisphere Publishing Corporation, 

Washington, 1985. 

22 Anderson J N, Neff J M, Cox B A, Tatem H E & Hightower 

G M, Characteristics of dispersions and water-soluble 

extracts of crude and refined oils and their toxicity to 

estuarine crustaceans and Fish., Mar. Biol., 27(1974) 75-88. 

23 Tatem H E, Accumulation of naphthalene by grass shrimp: 

Effect on respiration, hatching and larval growth. In: Fate 

and effect of petroleum hydrocarbon in marine organisms 

and ecosystem, Wolf, D.A. editor, Pergamon Press, New 

York, (1977) p. 201-209. 

24 Deshmukh N V, Some aspects of the toxicity of petroleum 

hydrocarbons to the speckled prawn Metapenaeus 

monoceros (Fabricus) Ph.D. Thesis. University of Bombay., 

1983. 

25 Meador J P, Stein J E, Reichert W L & Varanasi V, 

Bioaccumulation of polycyclic aromatic hydrocarbons by 

marione organisms., Rev. Environ. Contam. Toxicol. , 

143(1995)79-165. 

26 Neff J M, Anderson J W, Cox B A, Laughlin R B, Jr. Rossi S 

S & Tatem H E, Effect of petroleum on the survival, 

respiration and growth of marine animals. In: Sources, 

effects and sinks of hydrocarbons in the aquatic environment. 

Washington American Institute of Biological Sciences, 

(1976) pp.515-540. 

 


