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ABSTRACT 

TOXIC AND ACCUMULATORY EFFECTS OF NAPHTHALENE 

ON THE BLUE CRAB, CALLINECTES SAPIDUS 

by 

MARGARET ADAH WALKER 

Volatilization of soluble naphthalene proved to be 

a major factor in toxicity reduction. Static toxicity 

tests showed juvenile crabs to be resistant to moderately 

high initial naphthalene concentrations (48 hour TL]m= 12 

ppm). However, chronic levels of naphthalene between 1 and 

2 ppm proved lethal. The relevance of these two bioassay 

methods to investigation of oil pollution is discussed. 

Accumulation of naphthalene by adult blue crabs was 

found to be an osmotic process dependent upon the soluble 

naphthalene concentration. Concentration magnification 

did not occur. In clean seawater, depuration of accumu¬ 

lated naphthalene was rapid and complete within one week. 

Excretion of unchanged naphthalene was the major process 

of depuration. The threat to public health from consump¬ 

tion of naphthalene-contaminated crabs is minimal. 

Blue crabs were able to metabolize naphthalene to 

1-naphthol, naphthalenediol, and an unidentified conjugate. 

Detoxification was carried out on less than 1% of the 

injected ^C-naphthalene. These metabolites were isolated 

and identified by radiography of thin layer chromatograms. 
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INTRODUCTION 

An estimated 6.113 million tons of oil annually 

enters the marine environment from a variety of accidental 

and deliberate sources (CHARTER et al.. 1973). The 

majority of the contamination results from oil transport 

and offshore drilling accidents, and from regular dischar¬ 

ging of industrial and urban effluents into coastal waters. 

Estuaries and coastal zones generally bear the brunt of 

destruction for two reasons: 1) shipping and industrial 

activity in coastal areas increases the probability of 

contamination, and 2) the physical constraints of shallow 

depth and extensive land boundaries help to contain the 

pollution rather than allow it to spread and become diluted 

Oil pollution in these areas can produce a variety of 

circumstances damaging to animal species, for example, 

acute toxicity, sublethal effects harmful to growth and 

reproduction, or sublethal effects damaging to trophic 

relationships. The end result of the contamination should 

be investigated in light of all such possibilities. 

The estuaries provide nursery grounds for many marine 

species which are commercially and recreationally val¬ 

uable. The blue crab, Callinectes sapidus, fishery is 

currently third in commercial value of all food fisheries 

in the Gulf of Mexico, and the blue crab fishery is also 

the largest crab fishery in the United States. In addition 
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the recreational catch in Louisiana is estimated to be 

four times greater than the commercial catch (ADKINS, 

1972). 

The blue crab undergoes metamorphosis from larval 

to juvenile stages in the estuaries. Here, salinity and 

temperature fluctuate widely due to the effects of shallow 

water depth, flooding, and tidal activity. There is no 

definitive statement as to which stage of an invertebrate 

life cycle is most susceptible to toxification, but larval 

and juvenile stages accustomed to euryhaline and eury- 

thermal conditions might also be better able to regulate 

toxicant uptake and removal than adults. COX (1974) found 

that the very small (9-12 mm) postlarval stages of brown 

shrimp, Penaeus aztecus, which also metamorphose in the 

estuaries, were more resistant to the water soluble frac¬ 

tion (WSF) pf No. 2 fuel oil than larger juveniles and 

adults. It is important that contaminatory effects be 

investigated with regard to those life stages which bear 

the highest degree of risk and damage. Commercial loss 

from reduction of the blue crab population would not be 

entirely limited to the crab fishery. Pollution induced 

decline of the juveniles could also be expected to affect 

existing trophic relationships with the following fish 

species: spotted sea trout, red drum, black drum, croaker, 

and sheepshead (ADKINS, 1972). 

In the past, much of the research into oil spill 

control and impact assessment dealt with the effects of 
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the oil film itself. Because cleanup technology was 

necessarily directed at film removal, environmental 

effects research also became centered around the film. 

It was the most obvious of the problems to be dealt with. 

Currently more attention is being focused on the contam- 

inatory potential of the water soluble fractions of 

various crude and refined oils. Tables I and II give a 

comparison of the alkanes and aromatics to be found in 

the WSF*s of South Louisiana crude, Kuwait crude, No.2 fuel 

oil, and Bunker C residual oil. These oils have been 

designated by the American Petroleum Institute as standard 

biological test oils. They are presented here merely as 

examples of possible hydrocarbon makeup. Although the 

concentrations might appear insignificantly low, many are 

reported to have serious environmental impact. 

Research on marine organisms has been primarily in the 

area of sublethal effects. ATEMA and STEIN (1972) found 

that feeding responses were delayed in lobsters held in 

oil-in-water dispersions (OWD) of 1:100,000 parts, even 

though no morphological change in the odor receptors could 

be detected by electron microscopy. TAKAHASHI and KITTREDGE 

(1973) also showed chemosensory reception of the crab 

Pachvarapsus crassipes to be severely affected by the WSF 

of crude oils. After a 24 hour exposure period to a WSF 

whose total solubles concentration was around 10 ppb, the 

recovery period for both pheremone and feeding responses 

was between three and six days. When a study was made to 
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determine the most toxic components of the WSF, it vas 

found that polyaromatic hydrocarbons (naphthalene and 

binaphthyl) produced an effect parallel to that for the 

entire WSF. Even if not directly toxic at lov concen¬ 

trations, the polyaromatics could hamper species survival 

by affecting grovth and reproduction. 

In addition to chemoreception, research attention is 

being focused on sublethal accumulation of petroleum 

hydrocarbons. In light of the knovn carcinogenicity of 

some polycyclic aromatic hydrocarbons (GERARDE,1960), 

documentation of these effects is of importance to public 

health. There is theoretically no minimum allowable 

dosage for carcinogens (WILBER, 1969), a fact which might 

warrant quarantining of affected seafoods. The marine 

species of most concern are naturally those harvested for 

human consumption, though less drastic trophic effects 

should also be recognized. 

ERHARDT (1970) found oysters to be highly resistant 

to petroleum hydrocarbons. In sampling oysters from the 

lower end of the Houston Ship Channel, he found hydro- 

carboo concentrations as high as 237 ppm in seemingly 

healthy organisms. BLUMER et al. (1970) sampled scallops, 

Aequipecten irradians and oysters, Crassostrea virqinica in 

their natural environment (Wild Harbor, Massachusetts) after 

a 14,000 barrel spill of No.2 diesel fuel (aromatic content 

41%). They found that petroleum derived hydrocarbons were 

incorporated into the lipid pools of the organisms. BLUMER 
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suggested that depuration and/or metabolism was unlikely. 

In 1972, LEE et al. reported 90% depuration of accumulated 

alkanes and aromatic hydrocarbons by the mussel, Mytilus 

edulis. Although they did not discover evidence of 

metabolism, the compounds were at least discharged when 

the mussels were held in clean seawater for two weeks. 

STEGEMAN and TEAL (1973) documented the relationship 

between lipid content and degree of hydrocarbon accumu¬ 

lation in oysters, Crassostrea virqinica. They also found 

depuration in clean seawater to be rapid but incomplete, 

with an average 34 ppm hydrocarbon remaining after seven 

weeks. ANDERSON (1975) examined Galveston Bay oysters and 

found the highest concentrations (160 ppm) in oysters 

collected near the Houston Ship Channel. He also performed 

laboratory uptake and depuration experiments and found that 

the largest fraction of accumulated hydrocarbons consisted 

of mono- and diaromatic compounds. Saturated hydrocarbons 

are more prominent in crude oils, but aromatics have 

greater water solubility (McAULIFFE, 1966), and might thus 

be expected to accumulate to a higher degree. ANDERSON 

et al. (1973) showed that estuarine clams and oysters, 

upon exposure to oil-in-water dispersions of crude and 

refined oils, accumulated the naphthalenes to a greater 

extent than other petroleum hydrocarbons. They also found 

that alkyl naphthalenes were the last to be depurated. Iri 

further experiments with minnows (Cyprinodon), grass 

shrimp (Palaemonetes). and brown shrimp (Penaeus aztecus), 
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they demonstrated that the naphthalenes were accumulated 

rapidly, and were depurated almost completely within a 

few hours to* at most, a few weeks. The increased toxicity 

to these same species of refined oils as compared to crude 

oils was ultimately attributed to their higher percentage 

of naphthalenes. Research done with oysters at BATTELLE 

PACIFIC NORTHWEST LABORATORIES (1973) showed that dimethyl- 

naphthalenes were accumulated to a higher level and were 

depurated less quickly than methylnaphthalenes when the 

oysters were exposed to 50 ug/ml oil-in-water dispersions 

of Kuwait crude, South Louisiana crude, and No.2 fuel oil. 

In work with juvenile brown and white shrimps, COX (1974) 

determined that naphthalenes were responsible for the 

toxicity of No.2 fuel oil. Smaller juveniles (less than 

0.6 g) accumulated less total naphthalenes in 24 hours, 

but depurated more slowly than larger (greater than 2.0 g) 

juvenile shrimps. 

The actual physiological methods involved in the 

accumulation and depuration of naphthalenes by invertebrates 

have not been well documented. STEGEMAN and TEAL (1973) 

noted a difference in composition in the hydrocarbon 

fraction from exposed oysters and that in the actual 

exposure medium. While not ruling out the possible metab¬ 

olism of certain compounds, they suggested that the site 

of accumulation might have associated degradation methods, 

e.g. differing compound water solubilities if mode of 

uptake is gill adsorption, or specific bacterial decompo- 
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sition if accumulation is in the gut. STAINKEN (1975) 

studied No.2 fuel oil accumulation by the clam Mya arenaria. 

Rapid accumulation seemed to be associated with a partially 

empty gut; if the gut was full of detritus or silt, the 

oil was then generally bound in mucus at the gills and 

expelled. Studying the accumulation of C-naphthalene 

by the mussel, Mytilus edulis, LEE et al.(1972a) suggested 

the hepatopancreas as the primary storage site. This fact 

could be correlated to its high lipid content. They also 

claimed that invertebrates (copepods and mussels) do not 

have the necessary enzymes for the hydroxylation of 

naphthalene that is exhibited by mammals and marine fishes 

(LEE et al.,1972a,b). A major contradiction came from 

CORNER et al.'s(1973) work with the spider crab, Maia 

squinado. They reported this crab's ability to metabolize 

naphthalene into soluble hydroxylated derivatives which 

could be excreted in the free state or as conjugates with 

glucose and sulfuric acid. However, from a dose of 1.14 g 

over a five day period, unchanged naphthalene appeared in 

the urine at 129 ug/1 concentrations and composed 18.8% of 

the dry weight of the feces. Thus the mechanism might exist, 

but only small quantities of metabolites were detected in 

the urine. COX (1974) compared naphthalene accumulations 

in the gills, abdominal muscle, exoskeleton, head, diges¬ 

tive gland, and blood of brown shrimp. After 24 hour 

exposure to a 20% WSF of No.2 fuel oil, the digestive gland 

(5.25% of the total tissue weight) was found to contain 
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61.2% of the total accumulated naphthalenes. Depuration 

from this organ took between five and ten days, but COX 

did not study the mechanism of release or its products. 

The site of accumulation in an edible organism is of 

possible concern to public health protection. If the organ 

is generally removed before human consumption, then the 

problem is less significant. Education of the public 

remains a factor in this assumption. 

To summarize the pertinent research, the toxicity of 

various crude and refined oils was found to be a function 

of their aromatic content, more particularly of their 

naphthalenes concentration. At very low concentrations, 

the naphthalenes interfered with the chemosensory reception 

of certain marine invertebrates. They were also found to 

accumulate in marine fish and invertebrates to concentrations 

much greater than the sublethal levels in the ambiance. 

Depuration of the naphthalenes was possible when the 

marine organisms were placed in clean seawater. Contradic¬ 

tory information was reported with respect to the metabolism 

of naphthalene by invertebrates. 

The use of standard bioassay methods is questionable 

for the toxicity testing of volatile compounds. The main 

complications are the determination and maintenance of a 

steady soluble concentration of the toxin. It has been 

acknowledged that aeration with compressed air is generally 

unsatisfactory for work with industrial effluents (HENDERSON 

et al.,1957). The same is true for petroleum related 
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pollutants. Whether working with oil-in-water dispersions 

(OWD), water soluble fractions (WSF), or solutions of 

pure hydrocarbons, vigorous aeration causes the hydro¬ 

carbon fractions to be stripped from solution. ANDERSON 

(1974) has shown an 80-89% loss of the total aqueous 

hydrocarbons after 24 hours of aeration of OWD's. The 

largest percentage of the loss was found to be n-paraffins, 

but COFFEY (1975) also reported an appreciable stripping 

loss for naphthalene within 24 hours. 

A valid bioassay should maintain a dissolved oxygen 

concentration of at least 4 mg/l lest the mortality be 

attributed to suffocation. There are several possible 

solutions to the stripping versus aeration dilemma. One 

possiblity is to supersaturate the dilution water with 

pure oxygen so that the immediate chemical oxygen demand 

of the toxin is satisfied, and a sufficient oxygen residual 

remains for life support. The problem with this protocol 

is that more oxygen will be needed over the 96 hour stan¬ 

dard TL period, and its addition will cause the same xn 

volatility effects. Another possible solution is to main¬ 

tain a pure oxygen-water interface at sufficient surface 

to volume ratio to allow good oxygen transfer. Pure 

oxygen bubbled into the test solution at slow rate (30- 

180 bubbles/minute) will result in reduced stripping action 

and accomplish the dissolved oxygen levels provided by 

vigorous aeration. Solution renewal, with its many varia¬ 

tions, is another possible method of keeping both the 

oxygen and toxin concentrations up to desired levels. For 
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example, solutions can be renewed every 12 or 24 hours, 

or they can be renewed continuously with a flow through 

system. Performance of the tests must be carried out 

with two objectives considered. Experimentally precise 

results are desirable if it is at all possible to exert 

control over the volatilization of the test compound. At 

the same time, it is important to maintain a semblance 

to the natural processes when performing environmental 

experiments in a laboratory. These two objectives must 

be effectively reconciled in design of the bioassay. 

The focus of this research was determination of the 

effects that petroleum derived naphthalene might have on 

the blue crab, Callinectes sapidus, an important marine 

and estuarine organism of the Atlantic and Gulf Coasts. 

It was hoped that the work would produce specific 

information on toxic levels of naphthalene, and on the 

application of various bioassay methods to the testing 

of volatile compounds. Rates and degrees of accumulation 

and depuration were investigated, as well as the possible 

existence of a detoxification mechanism. The significance 

of these data is interpreted with respect to the protection 

of public health from pollution contaminated seafood. 
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MATERIALS AND METHODS 

Organism 

The test organism used for the experiments was the 

blue crab, Callinectes sapidus. The toxicity tests were 

run on juvenile crabs less than 76 mm across at the cara¬ 

pace (BOOKHOUT et al., 1971). Subadult (76-127 mm) and 

adult crabs were used for the accumulation and metabolism 

experiments. All juvenile crabs were collected within 

the confines of the Anahuac National Wildlife Refuge, which 

borders on East Galveston Bay. This area is well removed 

from industrial activity and is recognized as a control 

area for pesticide monitoring studies being performed in 

the surrounding wetlands (FISHER, 1975). For these reasons, 

the crabs were assumed to be uncontaminated and without 

previous exposure to naphthalene. The crabs were collected 

during the summer and fall months, with water temperatures 

between 20 and 30 C. Salinity was usually 5 ppt or less, 

as rainfall in the shallow estuaries had a significant 

dilutory effect. The organisms were collected with stan¬ 

dard 1/4 inch mesh crab nets, and were transported in 

aerated 10 gallon carboys. At the laboratory, the crabs 

were held in plastic tubs in a light and temperature (20 C) 

controlled room. Holding water was a mixture of the water 

they were collected from extended with 5 ppt Instant Ocean 

artificial seawater (Aquarium Systems,Inc.,Eastlake, Ohio). 

Water depth was two inches or less, and dissolved oxygen 

was supplied by compressed air delivered through bar 
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airstones. The holding tanks were also equipped with 

rotifer sponge filters (Jungle Laboratories Corp., Sanford, 

Florida) to control the concentration of detrital material. 

The crabs were fed daily with sparing amounts of TetraMin 

fish food (TetraKraft, West Germany). Chelae of all but 

the smallest crabs were initially removed to prevent 

cannibalism, a major hazard of experimentation with crabs. 

The organisms were held a minimum of three days and a 

maximum of two months before experimentation. 

Naphthalene Determination in Seawater 

An ultraviolet spectrophotometric method (NEFF and 

ANDERSON, 1975) was used for the semiquantitative deter¬ 

mination of naphthalene (J.T.Baker Chemical Co., reagent 

grade) in seawater. On a Beckman DB-G Grating Spectrometer, 

scans showed a maximum absorbance for naphthalene at 224 nm 

(Figure I). Water samples of 25 ml size were first acid¬ 

ified with 1 ml concentrated HC1, then extracted three times 

(10 ml, 10 ml, 5 ml) with pesticide grade hexane (Fisher 

Scientific Co.,Fair Lawn, New Jersey). Successive dilu¬ 

tions were made so that absorbance readings were between 

0.2 and 0.05. Concentration was determined by comparison 

to a standard concentration versus absorbance curve 

prepared according to principles in Ultraviolet Spectra 

of Aromatic Compounds (FRIEDEL and ORKIN, 1951). The 

theoretical limit of detection was 0.01 ppm. NEFF and 

ANDERSON (1975) reported the method to be 104 + 9.5% 
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Figure I. Ultraviolet spectrum of naphthalene 

WAVELENGTH 
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efficient in the recovery of naphthalene from 15 ppt and 

20 ppt seawater, but this author found these efficiencies 

hard to duplicate. In tests of the extraction procedure 

with excess naphthalene in pure deionized water and in 

5 ppt artificial seawater, the efficiencies were found to 

be closer to 68 + 11.5%. For this reason, extraction of 

water samples was only used as an estimation of naphthalene 

concentration. This procedure was used in an experiment 

comparing static aerated vs. non-aerated 15 cm deep solu¬ 

tions of naphthalene in 5 ppt seawater. It was also used 

to determine naphthalene concentration over a 12 hour 

period in a simulated flow through system like that used 

in actual continuous flow toxicity testing. 

Toxicity 

Literature sources are not in agreement on how to 

bioassay a compound as volatile as naphthalene. In order 

to attempt experimental precision and be able to compare 

results with previous researchers, it was decided to perform 

both static and continuous flow toxicity protocols. For 

each type of experiment, ten juvenile crabs were tested 

at each concentration. Concentrations to be tested were 

determined as a geometric series (STANDARD METHODS, 1971). 

The static tests were of 48 hour duration since it was 

felt that the concentration of naphthalene was undetec¬ 

table past the 24 hour mark. The continuous flow tests 

were carried on for 96 hours 
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Static Toxicity 

Holding containers were 5-20 gallon aquaria, filled 

to a depth of 15 cm (STANDARD METHODS, 1971)j this 

corresponds to a surface to volume ratio of 0,066 / cm. 

Total solution volume per crab was between 1 and 3 liters, 

depending on the size of the aquarium. Aeration was 

compressed air supplied at the rate of about 5 bubbles/sec 

through disposable pipettes with glass wool plugs (COX, 

1974). This practice was not initiated until the 12th hour 

to aid in reducing stripping losses. All solutions were 

oxygen saturated (8.4 mg/1 at 22 C) at the start of each 

test, and dissolved oxygen concentration was measured 

periodically with a Model 54 Oxygen Meter (Yellow Springs 

Instrument Co., Inc.). Dilution water was prepared by 

mixing six parts deionized water with one part full strength 

Instant Ocean artificial seawater. The crabs were not fed 

during the 48 hour test period, nor for one day previous 

to the start of the test. This restriction prevented 

fluctuations in metabolic rate and unnecessary fouling of 

the experimental tanks. Starvation over this period did 

not appear to be a problem. Naphthalene was administered 

by first dissolving a predetermined weight in 2 ml of 

acetone. This mixture was injected below the water surface 

with a syringe, and then the solution was stirred for five 

minutes. This volume of acetone in all cases represented 

less than 0.02% of the total, and was also administered 

to the tanks with control animals. Temperature was 
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maintained at 22 + 2 C. The observation routine consisted 

of temperature and dissolved oxygen measurements, removal 

of dead organisms, and observance of general organismal 

health and behavior. These tasks were carried out at 

1, 2, 4, 8, 12, 24, 36, and 48 hour intervals after test 

initiation. 

Continuous Flow Toxicity 

Considering the high vapor pressure and relative 

insolubility of naphthalene in seawater, it was decided 

that employing a solution of excess naphthalene in 5 ppt 

seawater was the most efficient way of maintaining a 

steady known concentration of the compound. Using the 

method of EGANHOUSE and CALDER (1975, see Appendix II), 

this saturation concentration was determined to be 29.6 

ppm. A 10 liter capacity circular glass reservoirv&ras 

equipped with an electric propeller stirrer. Artificial 

seawater and excess naphthalene crystals were mixed so 

that precipitate was visible at all times. Another reser¬ 

voir of clean 5 ppt seawater was maintained for mixing in 

various fractions with the naphthalene solution. This 

reservoir was continuously aerated to give a high initial 

oxygen concentration for the subsequent oxygen demand. 

Two variable speed Buchler peristaltic pumps were used for 

fluid transport to the experimental tanks. Each pump had 

grooves for four sections of 1/8 inch diameter Tygon tubing, 

which delivered solution at roughly the same rate. Volume 
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in the experimental tanks was kept constant by having an 

equal number of tubes per pump delivering influent solution 

and removing excess. The various concentrations of 

naphthalene to be administered were aliquots of saturation 

concentration e.g., one tube delivering the saturated 

naphthalene and three tubes delivering clean water resulted 

in an initial concentration of 1/4 saturation concentration. 

Naphthalene solution was withdrawn from the reservoir 

with glass wool plugged pipettes to permit passage of only 

soluble naphthalene without loss to adsorption (EGANHOUSE 

and CALDER, 1975). The pipettes were replaced about every 

8 hours to prevent flow obstruction from accumulated 

naphthalene crystals. 

A constant volume of 4 liters was maintained in a 20 

gallon aquarium, resulting in a water depth of 2.54 cm. 

Increasing the surface to volume ratio to 0.39/cm was 

intended to reduce stripping losses caused by the vigorous 

aeration required for deeper solutions. In addition to 

the increased surface area, aeration needs were satisfied 

by bubbling pure oxygen into the tanks at the rate of 

about 2 bubbles/sec. Pump speeds were adjusted for each 

test so that detention time in the experimental tank was 

not greater than 3.5-4 hours. Control of this parameter 

was intended to maintain the strength of solution, and the 

minimum detention time was dictated by the maximum flow 

rates attainable from the two pumps. Since pump capacity 

was limited, the control tanks were maintained under static 
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Figure II. Continuous flow system for toxicity testing 

EXPERIMENTAL TANK 
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conditions. All other control parameters were identical 

to those for the experimental tanks. Water temperature 

was again maintained at 22 + 2 C, and the crabs were not 

fed during the 96 hour test period. In addition to the 

initial removal of crab chelae, aggressive behavior was 

reduced by the introduction of rubber netting as a shelter 

or hiding place for some of the crabs. The monitoring 

routine was the same as that for the static tests, but 

included a check on the pump produced flow rates. A 

diagram of the system appears in Figure II. 

Accumulation of Naphthalene 

The ability of blue crabs to accumulate naphthalene 

fron dilute solution was tested with the aid of *^C-labelled 

naphthalene. The crabs used for these experiments were in 

the 76 - 127 mm size range, or such size as deemed appro¬ 

priate for human consumption. They were collected from 

brackish water ditches on the Barrow Ranch, Anahuac, Texas 

in February and March. At that time, the crabs had just 

emerged from a short hibernation through an unusually 

mild winter. Metabolic activity is generally high during 

this spring season. Chelae were immediately removed at 

the time of collection. Transport and storage of the 

adult crabs were performed in the same fashion as for the 

juveniles. 

The total concentration of naphthalene initially 

administered into solution was 1.06 ppm. This low exposure 



22 

concentration was chosen for the accumulation trials 

since a concentration of less than 1 ppm was felt to be 

the most environmentally probable situation (see Table II, 

naphthalene). One ppm unlabelled naphthalene was added 

in the form of 0.1 ml of a stock solution of naphthalene 

in acetone. ^^C-naphthalene (Amersham-Searle, 97% radio¬ 

chemical purity) was dissolved in methanol to prepare a 

stock solution giving 0.625 ug naphthalene per microliter, 

and 41,000 counts per minute (CPM) per microliter of 

solution. Along with the 0.1 ml of unlabelled naphthalene, 

50 microliters of the radioactive stock was added to 500 

ml of 5 ppt artificial seawater. This resulted in a total 

concentration of 1.06 ppm naphthalene and 2,050,000 CPM. 

The labelled naphthalene thus comprised 5.7% of the total 

naphthalene administered. It was felt that this amount 

was adequately traceable, yet necessarily conservative with 

the radioactive stock. Periodic water samples were taken 

from the test vessels and counted to determine the concen¬ 

tration of dissolved naphthalene. 

For the exposure periods, adult crabs were individually 

placed in 2 liter beakers containing 500 ml of the naph¬ 

thalene-seawater solution. This resulted in a solution 

depth of 1.75 cm, a condition which precluded the need for 

artificial aeration. The water temperature was 21 + 1 C, 

and the crabs were not fed during the experiments. A 

control crab was held under identical conditions, but with 

the addition of only 0.1 ml of acetone to its water. 
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Three crabs were tested at each of two different 

exposure periods: 1 hour and 24 hours. When the exposure 

period was over, the crabs were removed and rinsed with 

hexane to remove any externally adsorbed naphthalene. The 

crabs were extracted by the tissue method of NEFF and 

ANDERSON (1975). The efficiency of this extraction 

method was found to be 100% in preliminary determinations 

with a C-naphthalene injected organism. The whole crab 

was first weighed, then carapace and legs were removed 

and weighed. The remainder of the body and its fluids were 

placed in a Servall Omnimixer (Ivan Sorvall Inc., Norwalk 

Connecticut) and homogenized over ice in pesticide grade 

hexane. The homogenate was allowed to settle, and then the 

clear hexane fraction was collected in a graduated cylinder. 

The volume was recorded, and a 1 ml sample was removed 

for liquid scintillation counting. The sample was placed 

in 10 ml of scintillation fluid and counted in a Packard 

Tricarb Liquid Scintillation Spectrometer. The scintil¬ 

lation fluid was composed of 126 ml Liquiflor (New England 

Nuclear, Boston, Massachusetts) per 3 liters of toluene 

(Mallinkrodt, St.Louis, Missouri). Back calculations were 

performed to determine the total naphthalene concentration 

(labelled plus unlabelled) assumed present in the crab. 

Depuration of Naphthalene 

After it was demonstrated that naphthalene accumulation 

did occur, experiments were performed to determine if the 
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compound could be released when the crabs were placed in 

clean seawater. Adult crabs were communally exposed to 

1.06 ppm (1 ppm unlabelled, 0.06 ppm *^C-naphthalene) 

naphthalene solution for 24 hours. Depth and temperature 

conditions were the same as those for the accumulation 

experiments. After the 24 hour accumulation period, the 

crabs were transferred to a tank of clean 5 ppt seawater 

with identical depth, volume and temperature conditions. 

The seawater was exchanged every 24 hours thereafter. 

Three organisms were sacrificed at the end of each desig¬ 

nated depuration period. Each crab was extracted with 

hexane by the previously discussed procedure, and a sample 

14 of the extract was counted for the presence of C-naph- 

thalene. This detection allowed back calculation of the 

total naphthalene concentration remaining after depuration. 

Metabolism 

. . 14 Experiments were performed with C-naphthalene and 

thin layer chromatography (TLC) to determine the ability 

of blue crabs to metabolize naphthalene. Adult organisms 

were injected with quantities of 10-40 microliters of 

14 C-naphthalene in methanol. This stock solution contained 

0.625 ug naphthalene and 41,000 CPM per microliter. The 

dosage was delivered internally with a Hamilton microliter 

syringe inserted at the base of the last pereiopod. Ten 

microliters were injected slowly per needle insertion. Each 

crab was then wrapped in a wet paper towel which covered 
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its eyes, carapace, and abdomen, with legs remaining 

unhindered. The crab was then placed in a plastic box 

containing more paper towels soaked in 5 ppt seawater. 

With sufficiently moist towels, crabs could be kept alive 

and tranquil for periods of up to 48 hours. This shroud 

method reduced the amount of excretion, and allowed it to 

be collected on the paper towel. A marked area of the towel 

could be subsequently clipped into scintillation vials 

14 and counted for the presence of excreted C-compounds. 

After naphthalene injection, the crabs were allowed to 

metabolize for various periods from 1-48 hours. 

The extraction procedure was much the same as for the 

accumulation-depuration experiments, but with methanol 

substituted for hexane. The change to a more polar solvent 

was designed for extraction of hydroxylated compounds, as 

well as unchanged naphthalene. The organism, minus the 

carapace and legs, was weighed and extracted in methanol 

in the Servall Omnimixer. The entire mixture, which was 

usually a thick emulsion, was then centrifuged for 10 

minutes at 5000 RPM (Sorvall RC2-B Centrifuge* Newton, 

Connecticut). The supernatant was collected volumetrically 

and a 1 ml aliquot was counted. The centrifuge pellet was 

then re-extracted with methanol in the Omnimixer. This 

extract was centrifuged and the supernatant was collected 

volumetrically, but in a separate vessel from the first 

extraction. A 1 ml aliquot was counted for the determina¬ 

tion of per cent recovery. If sufficiently high CPM 
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appeared in the second extract, it was added to the first 

extract for an additional source of counts. The combined 

extract was evaporated to dryness on a slide warming tray 

set at 45 C. 

At this point it is necessary to explain the divergence 

from a former procedural goal: prevention of naphthalene 

volatilization. Previously, every attempt was made to 

minimize losses of naphthalene. However in the metabolism 

experiments, unchanged naphthalene was still considered to 

be present only immediately after tissue extraction. Volume 

reduction of the extracts resulted in large radioactivity 

losses even when an extract was evaporated under nitrogen 

with no heat. Evaporation with heat was shown to remove 

all naphthalene. 

14 Preliminary testing of C-naphthalene recovery from 

the thin layer chromatography plates showed similar total 

losses of naphthalene. Hydroxylated naphthalene derivatives 

(1-naphthol, 1,3- and 1,4-dihydroxynaphthalenes, unlabelled) 

did not volatilize from the plates. The crux of the 

metabolism experimental procedure was that any naphtha¬ 

lene derivatives produced, such as naphthols, diols, 

glucose or sulfur conjugates, would not be subject to the 

volatilization losses because of their more complex 

configurations and lower vapor pressures. By comparing 

the radioactivity present immediately after tissue extrac¬ 

tion with that present after the first evaporative step, 

it was possible to estimate the percentage of naphthalene 
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that remained unmetabolized. 

Returning to the explanation of procedure, the dried 

residue was next taken through a clean-up step. The 

residue was dissolved in water and extracted with aceto¬ 

nitrile in a separatory funnel. The acetonitrile fraction 

collected the radioactivity, while the water fraction 

removed color and viscous contaminants. The acetonitrile 

fraction was evaporated to dryness and then redissolved in 

methanol in preparation for chromatography. 

The reduced extract was volumetrically streaked onto 

silicic acid plates with fluorescent indicator (Gelman 

ITLC type SAF, Ann Arbor, Michigan). The compounds were 

migrated with a solvent system of benzene, chloroform, and 

ethyl acetate (1:1:1, v/v). Since location of radiotracer 

was the primary method of compound location, no development 

procedures were used except for the visualization of 

1-naphthol. For this compound, the strip was sprayed with 

a 0.03 N solution of NaOH in ethanol. After about 15 minutes 

the strip was sprayed with a phenol specific solution of 

2,6-dibromoquinone-4-chloroimide in ethanol. A deep blue 

spot indicated the presence of 1-naphthol. 

After migration, the TLC strip was scanned with a 

Packard Model 7201 Radiochromatogram Scanner. The graph¬ 

ical record produced showed the location and general 

quantity of all radioactive compounds on the strip. The 

strip counter was only 15% efficient at detecting the 

radioactivity present. If a more quantitative record was 
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desired, the strip was cut into 1 cm horizontal strips, 

numbered consecutively from the origin to the front. Each 

strip was placed in a numbered vial with 5 ml of scintil¬ 

lation fluid and counted in the liquid scintillation 

spectrometer. Hypothetical reconstruction of the plate 

was accomplished by numerically ordering the observed number 

of CPM/cm of plate from origin to front (Figure III). 

This method provided a more accurate count of the radio¬ 

activity and its location along the strip. Some Rf values 

for naphthalene metabolites are available from the liter¬ 

ature for tentative identification of unknown compounds 

(JERINA et al., 1970). 

The non-volatile radioactive compounds recovered and 

separated on the TLC plates were eluted with methanol. 

These eluates or the original extracts, depending on 

availability, were subjected to the following acid and 

enzyme hydrolyses; 

1) Acid- 1 ml extract or eluate, 3 - 5 ml 1 normal 

HC1, boiled for 2 hours in a sealed glass ampoule 

2) Beta-qlucosidase - 1 ml extract or eluate, 1 mg 

B-glucosidase enzyme (Sigma Chemical Co., St. 

Louis, Missouri), and 3 ml 0.2 molar sodium 

acetate buffer (pH 5.0), allowed to react for 

4 hours at 50 C. 

3) Beta-glucuronidase - 1 ml extract or eluate, 1 mg 

B-glucuronidase enzyme (Sigrita), and 3 ml 0.075 

molar phosphate buffer (pH 6.8), allowed to 
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react for 4 hours at 50 C. 

4) Phosphatase (alkaline) - 1 ml extract or eluate, 

1 mg phosphatase enzyme (Sigma), and 3 ml 0.1 

molar Tris (hydroxymethyl ) aminomethane buffer 

(pH 8.5), allowed to react for 4 hours at 50 C. 

5) Sulfatase - 1 ml extract or eluate, 1 mg 

sulfatase enzyme (Sigma), and 3 ml 0.1 molar sodium 

acetate buffer (pH 5.0), allowed to react for 

4 hours at 50 C. 

The products were then evaporated to dryness, redissolved 

in methanol, and chromatographed for analysis of any 

hydrolytic effects. As long as sufficient radioactivity 

was recovered, it was possible to elute, hydrolyze, and 

rechromatograph compounds repeatedly. 



31 

RESULTS 

Volatilization of Soluble Naphthalene 

The results of stripping experiments with aerated vs. 

non-aerated static solutions of naphthalene are shown in 

Figure IV. The original concentration of naphthalene 

added to the test solution was 10 ppm, which is well 

below the maximum soluble concentration. Bubbling appeared 

to hasten the removal of naphthalene from solution, but 

even an air interface to volume ratio as low as 0.066/cm 

seemed to exert a diminishing effect. Water samples 

extracted during some of the static toxicity experiments 

showed a similar rapid decline in the soluble naphthalene 

concentration (Figures V and VI). In all cases, there was 

a 40 -50% loss of naphthalene within the first three hours 

after its addition to solution. In addition to volatiliza¬ 

tion, this apparent loss was possibly a function of error 

in the extraction procedure. It might also have represented 

solubility difficulties caused by naphthalene in acetone 

being added to water. The naphthalene appeared to come out 

of solution and then redissolve, perhaps incompletely, in 

the seawater. The cause of the soluble loss is important; 

whereas undissolved naphthalene remains a toxicity hazard, 

stripped naphthalene does not. 

The monitoring of soluble naphthalene concentration as 

a function of time was also performed on two simulations 

of the continuous flow toxicity method. Experiments were 

conducted with influent being totally from the saturated 
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Figure IV. Naphthalene concentration in aerated 

vs. non-aerated static solutions 

TIME (hours) 
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Figure V. Naphthalene concentration during initial 24 hours 

of 10 ppm static toxicity experiment 

TIME (hours) 

Figure VI. Naphthalene concentration during initial 24 hours 

of 5 ppm static toxicity experiment 

TIME (hours) 
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Figure VII. Naphthalene concentration during initial 12 hours 

of continuous flow toxicity trial — 100% saturated 

Figure VIII. Naphthalene concentration during initial 12 hours 

of continuous flow toxicity trial — 50% saturated 
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naphthalene reservoir, and with half saturated naphthalene 

influent and half clean seawater influent (Figures VII and 

VIII). The results indicated that the flow through system 

design could not exert sufficient control over the soluble 

naphthalene concentration. Although monitoring was only 

performed over the initial twelve hours, a leveling off 

trend was observed for both trials around a concentration 

of 1 ppm. This would imply that at high concentrations of 

soluble naphthalene, the gradient between air and water would 

exert greater stripping forces. Thus almost total stripping 

of, for example, X ppm and 2X ppm naphthalene could possibly 

occur in the same time interval. Other possible causes for 

these low values must be considered. It is possible that 

stripping from the reservoir itself outpaced continuous 

dissolution of naphthalene crystals. Although it is a 

documented procedure (EGANHOUSE and CALDER, 1975), glass 

wool filtration of the naphthalene solution might have 

caused stripping or adsorbency losses. Again, the extraction 

procedure must also be suspected. The ambiguity of the 

existing concentration does not totally negate the value 

of the continuous flow protocol. The method could be used 

as a simulation of chronic discharge, since almost any 

influent concentration could be attempted through variation 

of the paired flows. With respect to the bioassay of 

volatiles, the most important part of the procedure is the 

explicit documentation of the toxin administration methods. 

At this time, it.is not feasible to control or even define 
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the extent of the volatilization processes. 

Static Toxicity 

The results of the static toxicity tests were plotted 

in a semilog mode and are shown in Figure IX. The tolerance 

levels are stated in terms of the initial applied concen¬ 

tration, and are not dependent on spectrophotometric 

determination of the soluble concentration. The tolerance 

level which would kill 50% of the organisms was determined 

by straight line graphical interpolation (STANDARD METHODS, 

1971). The juvenile crabs appeared able to withstand fairly 

high initial doses of naphthalene, with the 48 hour TLm 

being 12 ppm. This is in contrast to the 48 hour TLm of 

2.51 ppm naphthalene reported for juvenile brown shrimp 

(COX, 1974). This value was reported from spectrophoto¬ 

metric determination of the soluble naphthalene concen¬ 

tration five minutes after its application, and the solutions 

were also slowly aerated from the onset of the experiment. 

A major stress on crab survival seemed to be the rapid 

depletion of dissolved oxygen during the first twelve hour 

period when there was no aeration. All deaths occurred 

within the first 24 hours. After that time, as a function 

of naphthalene concentration, the chances for survival 

appear to have been excellent. Table III shows the declining 

dissolved oxygen levels for control and experimental tanks 

during this period. A correlation between oxygen depletion 

and naphthalene concentration is believed to be a result of 
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(%) SURVIVAL 
Figure IX. Results of 48 hour static toxicity tests. TLm 48 

determined by graphical interpolation (STANDARD MRTHODS- 

1971) 
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Table III. Decreasing dissolved oxygen as a function 

of naphthalene concentration. 

INITIAL 
NAPHTHALENE 
CONCENTRATION 

(ppm) 
0 1 

TIME 

2 

; (hours) 

4 8 12 

29.6 00
 

• 

ft* 4.4 4.0 2.9b - - 

20 8.4 3.7 3.4 3.1 2.9b - 

15 8.4 5.2 4.0 3.6b - - 

0 
(control) 

8.4 

C
O
 • 

in 4.0 1.8 1.5 1.2 

10 8.7 7.8 7.0 5.5 o
 

• o
 0 0.0 

5 8.7 8.3 8.3 7.9 6.3 5.0 

2.5 8.7 8.7 8.1 7.3 5.5 4.0 

1.25 8.7 8.5 7.3 6.0 5.7 5.0 

0 
(control) 

8.7 8.5 7.8 7.0 5.5 5.0 

a Dissolved oxygen (mg/1) Std. dev. of probe + 0.2 mg/1 

b 100% mortality 

c 30 minute aeration period 



39 

increased crab respiration rate. Dissolved oxygen monitoring 

of a similar static solution without crabs present did not 

show this drastic decline. Thus the effects cannot be 

attributed to a large biochemical or chemical oxygen 

demand. At higher concentrations of naphthalene, the crabs 

appeared more active in movements of the legs and mandibles. 

One notable characteristic was a type of uninstigated 

fighting behavior. The crabs made spasmodic attack movements 

though no other crabs or objects were within range. This 

behavior was only observed during tests of concentrations 

greater than 5 ppm. 

Continuous Flow Toxicity 

The results of the 96 hour continuous flow toxicity 

experiments are presented in Figure X. The concentrations 

are given in terms of per cent saturation concentration. 

The 96 hour TLm as determined by straight line graphical 

interpolation was 48 + 1%, As discussed in the section on 

naphthalene stripping, the chronic concentrations actually 

achieved in the tanks were between 1 and 2 ppm. In addition 

to the constant solution renewal, an important difference 

in this and the static toxicity system was solution depth. 

Depletion of dissolved oxygen was not a major stress in the 

continuous flow experiments, so death was a direct result 

of naphthalene toxicity. The aforementioned type of 

aggressive behavior was again demonstrated by crabs in the 

two most concentrated experimental tanks. 
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Figure X. Results of 96 hour continuous flow toxicity- 

tests. TLm 96 determined by graphical interpolation 

(A.P.H.A., 1971) 
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Accumulation of Naphthalene 

Adult blue crabs, Callinectes sapidus, were found to 

rapidly accumulate naphthalene from dilute solutions of 

low salinity seawater. The average accumulation values are 

given in Table IV, along with the range of values for the 

three trials performed for each experiment. The spread of 

values is attributable to the metabolic differences among 

individual organisms. The average naphthalene accumulation 

after 1 hour exposure to a 1.06 ppm solution was 1.13 ppm. 

The average 24 hour accumulation after exposure to this same 

concentration was 0.64 ppm. The results of periodic water 

sampling showed that the concentration of soluble naphthalene 

decreased rapidly as expected (Figure XI). These determin¬ 

ations were made by directly counting water aliquots in the 

liquid scintillation counter. The phenomenon of declining 

soluble concentration could be expected to have caused the 

higher degree of initial uptake if the method of uptake into 

the crab was an osmotic process such as gill adsorption. 

Gill entrance, as opposed to ingestion and gut uptake, can 

be assumed predominant in the uptake of soluble hydrocarbon 

(LEE et al.,1972b). The lower degree of accumulation at 24 

hours can possibly be attributed to loss of adsorbed naph¬ 

thalene back into solution; the adsorbed concentration would 

be responsive to changes in the concentration gradient 

between the gill surface and the bulk solution. Another 

possible explanation is that naphthalene was transferred 

from the gills to other organs of the body and metabolized 
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Table IV. Accumulation and depuration of naphthalene. 

Initial concentration - 1.06 ppm. Values given 

as the average of 3 samples, plus the range. 

TIME (hrs.) NAPHTHALENE (ppm) RANGE (ppm) 

Accumulation 

1 1.13 0.74-1.58 

24 0.64 0.33-1.06 

Depuration 

24 0.74 0.42-1.06 

48 0.12 0.10-0.14 

96 0.16 0.03-0.31 

168 0.026 0.01-0.06 
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Figure XI. Naphthalene concentration during 24 hour 

accumulation period. 

0 24 
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into water soluble products. These products would not 

readily partition into the nonpolar hexane which was used 

for tissue extraction. Thus the accumulation values must 

be assumed to represent only unchanged naphthalene. 

Blue crabs did not appear to greatly concentrate 

naphthalene within their tissues. Essentially there was 

some magnification of concentration in tissue compared to 

that remaining in solution at the end of the exposure periods. 

However, the amount of accumulation only once surpassed the 

initial concentration of naphthalene added to solution. Thus 

determination of magnification factors would be potentially 

misleading. 

Depuration of Naphthalene 

Release of accumulated naphthalene from crab tissues 

was rapid and essentially complete. The results are given 

in Table IV as averages of three crabs sampled. The ranges 

of the sample values are also given. An average 0.026 ppm 

remained after 1 week, but among individuals sacrificed at 

the same time, variation was large in several instances. 

Thus the results should only be viewed as indicative of a 

depurative trend. 

Metabolism 

Of three metabolic periods examined, a 1 hour exposure 

period was found to be too brief, while a 48 hour period 

14 gave very low recoveries of C-labelled compounds. Aside 
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from initial recovery comparisons, only a 24 hour metabolic 

period was used for investigative work. 

14 
Experimental results showed the presence of C- 

labelled metabolites in minute quantities. The majority of 

the injected naphthalene either remained in the tissues 

unchanged, or was excreted as unchanged naphthalene. Only 

trace levels of radioactivity were recovered from the paper 

shrouds, thus indicating that the -compound excreted was 

still volatile naphthalene. At 48 hours, only 3% of the 

total injected radioactivity was recovered from the crabs 

and the paper shrouds. By 24 hours, 77% of the total 

injected radioactivity was excreted and lost. Of the 

remaining 23%, 72% volatilized during the first evaporation 

step. This led to the deduction that a total of 93% of the 

total injected radioactivity was excreted as or remained in 

the form of unchanged naphthalene after 24 hours. Thus 

metabolism was deemed to be of minor importance in 

detoxification or removal of the substance from the crabs. 

In order to accumulate sufficient metabolites for 

chromatography, the extracts of as many as five organisms 

were pooled. Radioscans of these chromatographed extracts 

showed three major areas of radioactivity along the TLC 

plates (Figure XII). The largest peak, located at the 

origin, was suspected to contain naphthalene conjugates. 

The second peak (Rf= 0.55), was identified as 1,2-dihydro- 

1,2-dihydroxynaphthalene (naphthalenediol), a known meta¬ 

bolic product of microbial and microsomal naphthalene 
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degradation (GIBSON, 1972). No chemical standard was 

available, but treatment with hot normal HC1 resulted in 

dehydration of the diol to give labelled 1-naphthol. 

1-naphthol was also a metabolic product and comprised the 

third and smallest peak (Rf =0.98). It was positively 

identified by eluting the radioactive area and remigrating 

it in 100% water. In this solvent, the 1-naphthol did not 

migrate with the front. Color development of unlabelled 

1-naphthol also migrated in water showed an identical 

Rf value, thus providing a double confirmation on the 

identification. The amount of ^C-1-naphthol was insuf¬ 

ficient for direct color development. 

Of all the hydrolyses performed, only acid hydrolysis 

produced any definite change in the extract chromatogram. 

This effect was merely the dehydration of the naphthalene- 

diol to give an increased quantity of 1-naphthol. No 

discernible change occurred in the size or shape of the 

peak at the origin. The four enzymes tested were also 

unable to deconjugate the peak at the origin. It is possible 

that a very small amount of a conjugate could have been 

hydrolyzed and gone undetected, since the naphthalene would 

not remain on the plate. The fact remains that the original 

peak size was not noticeably affected. Table V gives a 

summary of the hydrolyses results, and the radiochromatograms 

appear in Figures XIII - XVTV. 
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Table V. Results of acid and enzyme hydrolyses. 

TREATMENT RESULTS 

Acid (1 N HC1) No 

at 

of 

visible effect on conjugate 

the origin. Increased size 

1-naphthol peak. 

Beta-glucosidase No visible effect. 

Beta-glucuronidase NO visible effect. 

Phosphatase(alkaline) NO visible effect. 

Sulfatase No visible effect. 1 

not present. 

-naphthol 
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DISCUSSION 

In addition to the physiological effects research, 

important results evolved from assessment of the available 

experimental methodology. As suggested by the work of 

COFFEY (1975), naphthalene was found to be extremely 

volatile in solution. Evidence of this phenomenon was seen 

most vividly during the toxicity experiments, but its 

influence also determined methodology in other areas of the 

research performed. 

With respect to toxicity methods, the static protocol 

represented the more reproducible of the experiments 

devised. By maintaining stable depth, surface, and temper¬ 

ature conditions, and by accurately applying designated 

amounts of naphthalene, the toxic experience for the organ¬ 

isms was felt to be reproducible even though the soluble 

naphthalene concentration could not be adequately defined 

or controlled. This protocol was valid as a means of testing 

the acute toxicity of a volatile pure compound. Reliable 

inferences about the toxicity of naphthalene as a component 

of oil should not be made from the results of experiments 

performed with the pure compound. Volatilization from the 

air-water interface during these experiments was recognized 

as a major factor in toxicity reduction. The evaporative 

conditions would have been entirely different with an oil 

film covering the surface. Previous researchers, in attrib¬ 

uting the toxicity of oil to its diaromatic content, have 
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not adequately emphasized the dichotomy between the two 

methods of oil component bioassay (COX, 1974; ANDERSON et al. 

1974). Toxicity experiments performed with volatile pure 

compounds would produce higher TLm values (given as initial 

concentrations), than experiments where volatilization 

was reduced by a surface film. Thus the static toxicity 

protocol produced significant TLm values for naphthalene, 

but from these values, implications should be made cautious¬ 

ly with respect to an oil spill situation. 

As previously discussed, an oil spill would be most 

likely to exert its full toxic potential in a shallow, 

confined area where dilution would be at a minimum. The 

organisms most susceptible to this action might be estuarine 

inhabitants such as the juvenile stages of the blue crab. 

The toxic danger of naphthalene to this age group was 

investigated to determine the effects of the most damaging 

situation possible on one of the most vulnerable organisms. 

Mortal effects on the juveniles would have dire implications 

for the commercial harvest of adults in succeeding months. 

The 48 hour TLm values showed juvenile crabs to be 

resistant to moderately high initial concentrations of 

naphthalene. For the first ten to fifteen minutes there was 

no overt response. Then the systemic effect of the naph¬ 

thalene was evidenced by spasmodic behavior in the crabs. 

Those that died exhibited this behavior for about two hours, 

then turned over on their backs for a less mobile dying 

phase that lasted for several hours. 
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The actual cause of death was possibly a combination 

of two factors: direct physiological toxicity and oxygen 

depletion. Dissolved oxygen monitoring over the first 

twelve hours (when there was no aeration), showed a corre¬ 

lation between naphthalene concentration and rate of oxygen 

depletion. During the stages of most active behavior, the 

dissolved oxygen was seen to decrease rapidly as a result 

of increased respiration. In the control tanks where the 

organisms remained relatively inactive, the dissolved 

oxygen levels showed a more gradual and steady decline. 

Oxygen monitoring during this period proved to be an accurate 

indication of the behavioral phase in progress in each of 

the tanks. Rapid decline of oxygen corresponded to the 

most active behaviors, while high levels of mortality were 

evidenced by a reduced oxygen decline. Lack of oxygen might 

have contributed additional stress to the toxic situation, 

but this was not the sole cause of death, as one set of 

control organisms withstood very low dissolved oxygen levels. 

WILLIAMS (1974) has reported blue crabs that survived 

dissolved oxygen levels of 0.08 mg/1 in tertiary sewage 

treatment ponds. 

The continuous flow toxicity system was intended to 

produce a steady soluble naphthalene concentration. A 

combination of solubility and stripping problems associated 

with both the reservoir and the experimental tanks rendered 

the system ineffectual. Samples taken directly from the 

influent line showed the soluble naphthalene concentration 
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to be less than half of what was expected. Water samples 

taken from the tanks over an initial twelve hour period 

indicated that the actual concentrations achieved were 

between 1 and 2 ppm. These values were of course all 

subject to the shortcomings of the spectrophotometric 

method. 

The results of the continuous flow toxicity tests have 

some value in that they showed low but chronic concentrations 

of naphthalene to be lethal to the crabs. Though not 

quantitatively exact, the experiments provided information 

on a totally different type of toxicity experience. In 

these experiments, oxygen depletion was not an additional 

stress on the organisms. Monitoring showed the oxygen 

level to remain at 8 - 9 mg/1 throughout the test period, 

predominantly as a result of the reduced solution depth. 

The effect of. the naphthalene on the crabs was not as 

immediate as in the static tests. In most cases, deaths 

began to occur around eight hours and then continued through¬ 

out the entire 96 hour period. The organisms in the 100% 

saturated tank died within the first twelve hours, and 

showed the highest level of spasmodic activity. In the 

less concentrated tanks, not as much violent dying behavior 

was exhibited. 

Comparing the results of the two types of toxicity 

tests, the most obvious conclusion is again the need for 

assessing the naphthalene volatility situation as it exists 

under an oil slick. Where stripping aided in reducing the 
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soluble naphthalene, higher initial concentrations did not 

prove toxic. The continuous flow tests, however, indicated 

that much lower naphthalene concentrations were fatal if 

they were maintained. Achieving a constant naphthalene 

concentration would almost require a closed system, a 

requirement which would be at variance with any oxygen 

delivery system. The ideal way to perform these experi¬ 

ments would be dissolution of the pure hydrocarbon under 

a film of a non-water soluble oil. The density properties 

should resemble that of the petroleum oil being approx¬ 

imated, and no aeration would be allowed. Even this method 

would be very limited in scope since it would not account 

for weathering and dilutory effects on the film. The major 

recommendation arising from these toxicity studies is that 

a pure compound should not be studied separately to deter¬ 

mine its effects as a constituent of petroleum. Too 

many parameters strategic to the toxicity are left behind 

when an individual compound is theoretically removed for 

experimentation. 

After determination of naphthalene toxicity to juveniles 

had been made, the second major sphere of research was 

carried out with adult blue crabs at sublethal levels. The 

central goal was to determine the naphthalene-harboring 

potential of an adult crab. Since many polyaromatic 

hydrocarbons, naphthalene included, are suspected human 

carcinogens, the question became one of public health. What 

levels of naphthalene could be accumulated from dilute 
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solution and maintained? How did the organism deal with 

the compound? What were the implications with respect to 

the quarantining of contaminated seafoods? These questions 

14 were answered by the performance of C-naphthalene 

accumulation, depuration, and metabolism experiments. 

For the accumulation tests, the organisms were exposed 

to 1.06 ppm naphthalene solutions for 1 and 24 hour periods. 

Along with values for soluble naphthalene remaining during 

the exposure period, the accumulated 1 and 24 hour concen¬ 

trations indicated that uptake was a function of existing 

soluble concentration. The highest degree of accumulation 

was at 1 hour with only half of that concentration remain¬ 

ing at 24 hours. This pattern of results suggests that 

the mode of uptake was gill adsorption. The concentration 

gradient between the gill surface and the bulk solution 

was determinative of the naphthalene location. This is not 

to say that the final destination of the naphthalene was 

the gills. In addition to possible redissolution back 

into the bulk solution, some naphthalene was transferred 

internally to other organs for storage, detoxification, or 

excretion. 

The most important result was that blue crabs did not 

accumulate naphthalene to concentrations greater than the 

ambiance. This distinguished them from oysters and other 

filter feeders that radically magnify the hydrocarbon 

concentrations to which they are exposed (BLUMER et al., 

1970? ERHARDT, 1972; ANDERSON, 1975). Considering the 
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quantity, not concentration, present in the exposure water, 

a maximum of around 10 ppm (for a 30 g crab) could have 

been accumulated by the crabs had they functioned more 

like oysters. If they had circulated all the exposure 

water across the gills, and had accumulated all the naph¬ 

thalene that passed, the higher accumulated concentrations 

might have been achieved. This supposition does take into 

account the effects of naphthalene volatilization during 

the exposure period. 

The ability of blue crabs to depurate naphthalene 

was in effect demonstrated before the depuration experiments 

were begun. When the soluble naphthalene concentration 

declined during the exposure period, the level of naph¬ 

thalene within the crab tissues also declined. Exposure 

to clean seawater showed the depuration process to be 

rapid and thorough over a one week period. It should be 

recognized that the tracer methods used to quantify naph¬ 

thalene involved the actual recovery of only 5.7% (the 

-naphthalene) of the total naphthalene assumed present. 

Thus very low concentrations, such as the 96 and 168 hour 

values, were susceptible to a higher degree of experimental 

error. 

The uptake and release experiments showed that naph¬ 

thalene accumulation in blue crabs could only reach signif¬ 

icant levels under certain conditions. The soluble naph¬ 

thalene concentration in the ambient water would have to 

remain steady for actual accumulation to occur, as uptake 
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was primarily an osmotic process. Maintenance of the sol¬ 

uble concentration would be dependent upon the presence 

of an oil film to reduce volatilization. Thus the condition 

that would allow accumulation would probably deter humans 

from harvesting crabs in that area. The marine food chain 

might be more susceptible to trophic magnification of 

naphthalene. However, since several species of marine 

fishses have been shown to detoxify and excrete naphtha¬ 

lene (LEE et aJL., 1972), this pathway might prove a satis¬ 

factory method of degradation. 

The actual quantity of naphthalene represented by the 

approximate 1 ppm values in the crabs was less than 0.05 mg. 

Since acceptable levels for human consumption of naphtha¬ 

lene are not known, the prudent procedure would be to 

establish a quarantine of one week duration, to be initiated 

after disappearance of the oil film. This qualification 

would assure an adequate depuration time in naphthalene- 

free seawater. 

After the degree of naphthalene uptake and release had 

been determined, it was of interest to research the possible 

existence of a detoxification mechanism. Such mechanisms 

have been shown to exist in mammals (JERINA et al., 1970), 

marine fishes (LEE et al., 1972b), and spider crabs (CORNER 

et al., 1973). LEE et al.(1972a) reported other inverte¬ 

brate species (copepods and mussels) to be unable to metab¬ 

olize naphthalene. This research showed that blue crabs 

possess the necessary enzymes for naphthalene metabolism. 
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Three separate metabolic products were recovered, and 

two were positively identified. The major product (about 

75% of the total metabolites), was believed to be a naphtha¬ 

lene conjugate. Hydrolytic treatment with acid and four 

common enzymes failed to produce a change in the chroma¬ 

tography of this compound. The chromatography of the 

radiochemical impurities in the *^C-naphthalene stock 

did not correspond to the R^ value of this unknown; thus 

the compound was definitely a naphthalene metabolite of 

some kind rather than a non-volatile impurity. The second 

metabolite was identified as 1,2-dihydro-l,2-dihydroxynaph- 

thalene (naphthalenediol). This compound composed approx¬ 

imately 20% of the total metabolic products. 1-naphthol, 

which comprised about 5% of the total, was the third 

metabolite. The two hydroxylated compounds are reported 

to be degradation intermediates of naphthalene in microbial 

and vertebrate microsomal pathways (GIBSON, 1972). It 

appears that a similar pathway exists in this invertebrate 

system. CORNER et al.(1973) reported naphthalenediol as 

a metabolic product of the spider crab, Maia squinado, but 

also reported glucose and sulfate conjugates of naphtha¬ 

lene and 1-naphthol. This research did not find those 

metabolites to be produced by blue crabs. 

In spite of the existence of the detoxification mech¬ 

anism, metabolism of naphthalene was found to be of minor 

importance in the depuration process. Over a 24 hour period, 

77% of the injected naphthalene was excreted unchanged, 97% 
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over 48 hours. The hydroxylated derivatives were also 

possibly excreted rather than stored, as some radioactivity 

was recovered on the paper shrouds covering the excretory 

area. The level of this radioactivity was not high enough 

to permit elution and chromatography. These results 

implied that naphthalene, unlike some other lipid-soluble 

hydrocarbons, did not have to be hydroxylated or conjugated 

with a water-soluble moiety in order to be excreted. This 

feature was undoubtedly due to its limited water solubility. 
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CONCLUSIONS 

1. Pure naphthalene in solution is subject to volatile 

losses which reduce its toxic potential. 

2. Toxicity tests with the pure compound are not repre¬ 

sentative of the toxic effects of an oil containing 

naphthalene. 

3. Naphthalene toxicity to blue crabs is first evidenced 

by spasmodic behavior and a corresponding decline in the 

available dissolved oxygen. 

4. The 48 hour TLm of naphthalene for juvenile blue crabs 

is 12 ppm (initial concentration). 

5. Accumulation of naphthalene is an osmotic process. It 

is controlled by the concentration of soluble naphthalene. 

6. Blue crabs easily depurate naphthalene when placed in 

clean seawater. 

7. Blue crabs metabolize a small percentage of the accumu¬ 

lated naphthalene into 1-naphthol, naphthalenediol, and 

an unidentified naphthalene conjugate. 

8. The threat to public health from consumption of 

naphthalene-contaminated crabs is minimal. 
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APPENDIX I 

Physical Constants of Naphthalene 

Molecular weight 

Formula 

Structure 

Melting point 

Boiling point 

Density- 

Solubility 

Water (25 C) 

Seawater - 1 molar 
(25 C) 0.143 molar 

Benzene 

Chloroform 

Ethanol 

Hexane 

Methanol 

Carbon tetrachloride 

Vapor pressure 

128.19 

C10H8 

80.55 C 

218 C @ 760mm 

1.0253 
(CRC Handbook. 1974) 

31.3 ppm (BOHON and 
CLAUSSEN, 1951) 

22 ppm (EGANHOUSE, 1975) 
29.6 ppm (Appendix II) 

3.72 x 10^ ppm 

3.18 x 10^ ppm 

5.29 x 104 ppm 

1.41 x 10^ ppm 

8.1 x 104 ppm 

(DONALDSON, 1958) 

1.944 x 104 ppm (HERIC and 
YEH, 1970) 

0.064 mm @ 20 C 
0.177 mm @ 30 C 

(DONALDSON, 1958) 
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APPENDIX II 

Solubility of Naphthalene in 5. ppt Seawater 

Aromatic hydrocarbons are "salted out" by increasing 

concentrations of inorganic salts in aqueous solution. The 

solubility of naphthalene in distilled water is 31.3 + 0.4 

ppm or 2.34 x 10~4 moles/liter (B0H0N and CLAUSSEN, 1951). 

At a salinity of 35 ppt, the solubility of naphthalene is 

only 22 ppm or 1.72 x 10-4 moles/liter (EGANHOUSE and 

CALDER, 1975). The salting out relationship is as follows: 

log ÔT— = K C where: Ol s s 
Si = molar solubility 

in salt solution 
Si°= molar solubility 

in pure water 
Kg = empirical salt¬ 

ing parameter 
Cg = molar salt 

concentration 

For naphthalene, K= 0.1504 (EGANHOUSE and CALDER, 1975) 
O 

For 5 ppt seawater C = 1/7 (1 molar)= 0.143 molar s 

log 2.34 x 10~
4 

Si 0.1504 x 0.143 = 0.02150 

Si = 2.31 x 10”4 moles/liter 

or 

= 29.6 ppm naphthalene solubility in 
5 ppt seawater 
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