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Doubling rate, production and the daily P /B ratios of natural 

bacterioplankton populations of the Gulf of Riga were estimated 

under the impact of 0.001 mg/dm3 anthracene and phenan·

threne. In many cases, reduction in the total number of micro

organisms was observed, coupled with a decrease in bacterial 

production. Studies on 24 h exposure to anthracene and phenan

threne demonstrated toxicity of the hydrocarbon concentrations 

used to the microbial communities of the Gulf of Riga. 

INTRODUCTION 

Polycyclic aromatic hydrocarbons (P AH) get into natural waters from oil product 

processing, waste waters of coking industry, and various accidents (Andelmannand 

Suess 1970; Boehm 1982; Oudot 1981). Many PAH are carcinogens, their presence in 

water being hazardous for human health (Daudel and Daudel 1966). Aromatic hydro

carbons are water-soluble; they may accumulate in sediments, their levels there being 

higher than those in water (Andelmann and Suess 1970). PAH accumulation has been 

observed in the Baltic Sea (Kirso et al. 1981). Hydrocarbons are typical also of coastal 

waters (Connell 1982; Hoffmann et al. 1984). 

Oils can contain 84-94 µg anthracene/g, while anthracene contents in sediments 

and in bivalve molluscs are, on the average 3.4 and 0.16 µg/g, respectively (Anonymus 

1982). If the sediment P AH content is low, benthic organisms accumulate hydro

carbons from the water column as well. On the other hand, if the sediment content is 

high, the organisms may accumulate P AH from the sediment in the first place (Eadie 

et al. 1983). 

Concurrently with abiotic chemical proceeses, P AH may be photooxidized by 

microorganisms (various bacteria, fungi, and yeasts). Toxicity of many pollutants has 

been evaluated using laboratory cultures of aquatic bacteria (Blakemore and Carey 
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1978; Calder and Leder 1976; Mahaffey et al. 1982; Walker and Colwell 1975). Our 

study was aimed at estimating effects of anthracene and phenanthrene on natural 

bacterial populations in the Gulf of Riga and its coastal areas. At the same time, the 

microbial reproduction rate and production were assessed. 

MATERIALS AND METHODS 

The investigations were carried out at 22 stations in the Gulf of Riga within 13-25 

October 1980. The average water temperature at that time was l0°C, Le. a typical 

seasonal average temperature for the Gulf of Riga. Additionally, samples were collect· 

ed in coastal areas near Skulte (summer 1983) and Roja (1983-1984). 

Bacterial production was evaluated using the generally accepted methods (Gak 

1975; Vinberg 1960; Vinberg and Yarovitzina 1946). 

To estimate effects of phenanthrene and anthracene on bacterial production, 0.001 

mg/dm3 hydrocarbon solutions were used. The solutions were prepared as in Egan

house and Calder (1976), and the diurnal bacterial production was analyzed and 

estimated as in Godlewska-Lipowa (1968). 

RESULTS AND DISCUSSION 

Restoration of an ecosystem which has been polluted by hydrocarbons of various 

structure is closely related to physical, chemical, biological, and geological processes, 

and depends on the structure of hydrocarbons involved. Biodegradation of hydro

carbons, especially in the northern seas, appears to be ineffective, which can be 

explained by the fact that only few aquatic organisms can process hydrocarbons in 

the sea. 

Literature data demonstrate that under favourable conditions, an ecosystem can be 

restored within a year, 10 years being necessary under unfavourable conditions 

(Butler and Levy 1985). 

Studies on the impact of anthracene on bacteria and their development in the Gulf 

of Riga reveal that the compound hinders reproduction of microbial populations in 

many areas. While the microbial doubling time ranged within 12-240 h in the Gulf 

during the experiment, bacterial decay was observed in the presence of anthracene. 

Coastal waters of the Gulf of Riga show variations in their hydrology and hydro

chemistry which in tum promote adaptive processes in aquatic organisms. Thus, for 

instance the bacterial production near Skulte ranged within 0.7-3.3 10 cells/ml·d in 

summer, the P/B ratio being 0.3-1.8. In those waters, too, the experimental anthra

cene concentration had a negative effect on the development of bacteria. It resulted 

in a lower doubling time of the microorganisms and a lower bacterial production, 

compared with the control. 
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P AH degradation in the sea is affected by physical, chemical, and various biological 

factors, including the type of microorganisms involved, as demonstrated by results 

obtained off the coast near Roja. Bacterial production in November was particularly 

affected there, anthracene promoting development of the microflora. In this case, 

obviously, the bacterial genera Nocardia, Pseudomonas, and Xanthomonas incorpora· 

ted the compound into their metabolism. 

Finally, it should be noted that anthracene is toxic for microorganisms, as demon· 

strated by Calder and Lader (1976). 

Studies on microbial interactions with phenanthrene revealed that the compound 

adversely affected the microbial communities both in the Gulf of Riga and off the 

coastal areas near Roja and Skulte. Thus, aquatic microorganisms studied exhibited 

a low potential activity towards PAH of various structure. Experiments on phenan

threne biodegradation by microorganisms in the Baltic Sea confirm the finding. 

No PAH transformation products that could prove degradation of these substances 

could be identified even using the sensitive chromato-mass-spectrometry (Platpira 

et al. in press). Previous experiments (Maciejowska 1980) failed to identify micro

organisms in the Baltic Sea that could use phenanthrene as a source of carbon and 

energy. 

Degradation of PAH, obvious!y, may be more related to abiotic chemical processes 

including oxidation, photolysis, and hyrolysis"' Thus, 76% of phenanthrene was 

degraded in a water body during 4 weeks at 25°C, 45% of which being due to abiotic 

chemical processes (Sherill and Sayler 1980). 

Biodegradation of anthracene is similarly a very slow process, one which can, 

obviously, be explained by the nature of hydrocarbon structure (Herbes and Schwall 

1978). 

Consequently, due to the low P AH biodegradation rate and to the experimentally 

demonstrated PAH toxicity to microorganisms, the compounds accumulate in sedi

ments, benthic organisms, and fish (Eadie 1982; Grahl-Nielsen et al. 1978; Humason 

and Gadbois 1982; Kirso et al. 1981). Bioaccumulation is more pronounced in the case 

of anthracene, compared with other PAH (Bartell and Gardner 1983). Up to 0.35 µ g 

anthracene/g accumulated in macrophytes within 60 days, during which time bentic 

invertebrates and zooplankton accumulated up to 0.23 and 0.04 µ g/g, respec· 

tively. 

Lee and Singer (1980) reported interesting data on anthracene transformation by 

Pontoporeia hoyi, although the ability is weak and no hydrocarbon decomposition 

was observed during a 48 h exposure. Chironomids can incorporate anthracene into 

their metabolism (Gerould et al. 1983). Under an increased pollution level in the sea, 

polychaetes and oligochaetes may participate in decomposition of hydrocarbons. 

Studies following the "Amoco Cadiz" accident showed that the abundance of molluscs 

and crustaceans on the bottom and their diversity decreased, while the density of 
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oligochaetes and polychaetes sharply increased (Gentil 1983). That is explained by the 

presence of a multifunctional system of oxygenases in oligochaetes and polychaetes. 

The enzymatic systems participate in transforming lipophylous organic compounds 

to soluble substances (Means et al. 1980). 
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