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Abstract 

Freshwater fish Rasbora daniconius and Puntius ticto were subjected to chronic toxicity assay to determine the degree of 

bioaccumulation of PCB 169 in gill, liver, kidney and intestine tissues. GC-MS was used to analyse bioaccumulation in the 

tissues. 

Maximum bioaccumulation of the PCB congener 169 over a period of 30 days’ exposure was observed at 30.61 µg g-1 wet 

weight in the gill tissue of Puntius ticto, as compared to 7.12 µg g-1 wet weight in the gill tissue of Rasbora daniconius over 

the same period, clearly indicating its tendency to accumulate preferentially in gill tissue as compared to other tissues. Further, 

greater accumulation was detected in the fish Puntius ticto as compared to Rasbora daniconius. 
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Introduction 

Due to their tendency to persist in the environment, PCDDs, 

PCDFs and PCBs are part of the so-called persistent organic 

pollutants group of compounds that also include some 

chlorinated pesticides. Since PCBs have a high lipophilicity 

and resist transformation, they bio-accumulate in animal and 

human adipose tissues [1]. Being lipophilic, they are found to 

bioaccumulate more at colder temperatures, and thus pose a 

serious threat in temperate and polar environments [2-4].  

Significant uptake of PCBs by fish from aquatic systems, 

increasing from 0.06 to 118.3 µg g -1 over an exposure 

period of 28 days, has been documented [5, 6]. PCB 126 has 

been shown to be toxic to fish medaka [7] (Youngchul Kim 

and Keith R. Cooper, 1998) and to have high levels of 

bioaccumulation and biomagnification in Rainbow Trout [8]. 

It is considered the most toxic of the non-ortho coplanar 

congeners [9]. This congener has also been found in man 

where populations are predominantly dependent on fish and 

sea food for nutritional requirements [10]. PCBs have also 

found their way into tissues of farmed marine fish [11, 12] and 

in other foodstuff [13].  

Study of the bioaccumulation potential of two highly toxic 

coplanar PCB isomers 3, 3’, 4, 4’, 5-pentachlorobiphenyl 

(PCB 126) and 3, 3’, 4, 4’, 5, 5’-hexachlorobiphenyl (PCB 

169), in relation to kinetic parameters of coplanar PCBs 

based on lipid weight-related data [14, 15] and the degree of 

bioaccumulation based on the proportion of coplanar PCBs 

in total PCBs have been shown to clearly indicate that 

coplanar PCBs are highly bioaccumulative in lower 

organisms, and that these highly toxic and persistent PCB 

congeners are concentrated by all aquatic organisms, and 

may reach higher consumers (including humans) in 

quantities of toxicological concern [16]. Biomagnification of 

pollutants in food chains has also been observed [17]. 

Only few references are available for bioassays using the 

pollutant substance for direct exposure of the freshwater 

dwelling test organisms through their environment. 

Bioassays to determine acute toxicity after 96 hour 

exposures to determine LC50 values [18, 19], and use of 

continuous flow through bioassays [20] are some of the 

methods followed for such study. 

The use of GC and GC-MS to estimate the degree of 

bioconcentration has been widely accepted [21, 22].  

The present study has attempted to analyse the impact of the 

PCB congener 169 on aquatic organisms in terms of 

bioaccumulation in some of their tissues by means of initial 

acute bioassays of 96 hour duration to determine LC50 

values, and subsequently, based on such values, a chronic 

bioassay of 30 days using a continuous flow through 

method, using the fresh water fish Rasbora daniconius and 

Puntius ticto as test organisms. 
 

Materials and Methods 

The acronym PCB (PolyChlorinated Biphenyl) is used for a 
group of 209 organo-chlorine chemicals existing in the form 
of molecules termed as congeners. They are a class of non- 
polar chlorinated hydrocarbons with a biphenyl nucleus of 
which one or more of the 10 Hydrogen atoms are substituted 
with chlorine. They have a general formula C12H10-nCln 
where n may range from 1 to 10. E.g. 3, 3’, 4, 4’, 5, 5’-
hexachlorobiphenyl has n=6. 
The chemical formula of PCB 169 (3, 3’, 4, 4’, 5, 5’-
hexachlorobiphenyl) is C12H4Cl6. The commercially 
available congener of Dr. Ehrenstorfer make, Germany, was 
used for the present work. 
Fish were obtained from local freshwater lakes and rivers. 
Rasbora daniconius specimens used for the present work 
were of average length 7-10 cm and weighed 20 gm while 
Puntius ticto were of average length 5-7 cm and weight 25g. 

a. Acute Toxicity study 
Both types of fish, on exposure to PCB solution remained at 
the bottom, showed quick opercular movements and a 
temporary disorientation, visible as loss of balance while 
swimming. However, they recovered after some time and 
started normal movement. Moreover, they did not show any 
lethal effect upto concentrations as high as 50 µl l-1. 
Exploratory tests with different concentrations of PCB 169 
were carried out but no mortality was observed till 96 hours 
exposure. This observation is in concurrence with literature  



International Journal of Fisheries and Aquatic Research  www.fishjournals.com 

2 

available [23, 24]. Sublethal dose of the PCB congener was 

therefore arbitrarily fixed and chronic toxicity study was 

carried out. Very high dosages were not attempted since the 

same was not economically feasible.  
 

b. Chronic toxicity study 

A continuous flow through method was used for 

determination of chronic toxicity and bioaccumulation of 

PCB 169. A glass aquarium of 20 l capacity, with an 

overflow arrangement exceeding that capacity, was used. A 

daily dose of 25 µl l-1 and 20 µl l-1 was administered to 20 

experimental fish Rasbora daniconius and Puntius ticto 

respectively for a period of 30 days adjusting the flow rate 

from the dosing unit to 7 ml min-1. The solution containing 

the PCB 169 was delivered to the bottom of the aquarium, 

with excess water continuously flowing out of the outlet. 

Investigations for each concentration were carried out 

separately for increasing durations of 5, 10, 15, 20, 25 and 

30 days. Appropriate controls were maintained using 

dechlorinated tap water. It may be noted here that no 

mortality was observed either in the test organisms or the 

control organisms group during their period within the 

aquarium. 

Feeding and replacements of fresh solutions were followed 

as per protocols followed in literature [25].  

Few live fish from fish in the aquarium were removed on 

intervals of every 5 days. They were sacrificed and their 

gill, liver, intestine and kidney tissues were harvested and 

fixed in Buoin’s fixative to further analyse the 

bioaccumulation of PCB 169 in them.  
 

c. Bioaccumulation study  

Tissues were subjected to thorough clean-up using Celite 

545 columns and extracted using Dichloromethane of 

MERCK make for analysis of bioaccumulation. This was 

carried out using a GC-MS of Thermo Scientific (USA) 

make. GC-MS is a widely accepted method for analysis of 

the extent of bioaccumulation, as can be seen from various 

sources.  

Mass spectra and standard chromatograms of PCB 169 were 

first obtained, and the tissue samples were subsequently 

analysed in order to determine the degree of 

bioaccumulation of PCB 169 in them. 

Mass spectra and standard Chromatograms of PCB 169 are 

shown in Fig 1.and 2. 

 

 
 

Fig 1: Mass spectra of PCB-169 (3, 3’, 4, 4’, 5, 5’-Hexachlorobiphenyl) 

 

 
 

Fig 2: Standard Chromatogram of PCB-169 (3, 3’, 4, 4’, 5, 5’-Hexachlorobiphenyl) 
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Results  

Bioaccumulation was determined by means of chromatograms obtained after analysis of fish tissue extracts on GC-MS. Some 

chromatograms showing bioaccumulation are shown in Fig. 3 to Fig 6. 

 
 

Fig 3: Chromatogram showing PCB 169 in Rasbora Gill (10 Days) 

 

 
 

Fig 4: Chromatogram showing PCB 169 in Rasbora Kidney (30 Days) 

 

 
 

Fig 5: Chromatogram showing PCB 169 in Puntius Kidney (10 Days) 
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Fig 6: Chromatogram showing PCB 169 in Puntius Gill (20 Days) 

 

The extent of bioaccumulation found in the four different tissues of either fish over increasing 5 days’ periods of chronic 

exposure is detailed in Tables 1 and 2. The graphical comparison of the same has been shown in Fig.7. 

 
Table 1: Bioaccumulation of PCB 169 in Rasbora daniconius. 

 

Exposure time, in days 
Values in µg g-1 wet weight of tissue 

Gill Intestine Kidney Liver 

5 1.88 1.54 0.84 0 

10 2.14 3.97 1.61 0.20 

15 2.28 4.03 1.98 0.32 

20 2.44 4.11 2.19 0.38 

25 4.83 4.20 2.42 0.39 

30 7.12 4.27 2.69 0.41 

 
Table 2: Bioaccumulation of PCB 169 in Puntius ticto. 

 

Exposure time, in days 
Values in µg g-1 wet weight of the tissue 

Gill Intestine Kidney Liver 

5 14.88 6.89 0.00 0.68 

10 25.57 9.84 0.57 1.79 

15 27.02 10.02 4.78 2.03 

20 28.04 10.26 7.69 2.14 

25 29.54 11.98 8.89 3.14 

30 30.61 13.23 12.50 4.73 

 

 
 

Fig 7: Graphical comparison of bioaccumulation of PCB 169 in tissues of fish Rasbora daniconius and Puntius ticto. 
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Accumulation of PCB 169 in the gill tissue, seen to be at a 

maximum, was 30.61 µg g-1 and 7.12 µg g-1 wet weight for 

Puntius and Rasbora, respectively. 

 

Discussion 

The kidney tissue is expected to excrete biotransformed 

PCB 169; yet the PCB is seen to accumulate in the tissue 

over the exposure period (12.50 µg g-1 and 2.69 µg g-1 wet 

weight for Puntius and Rasbora, respectively, in the 

complete 30 days’ exposure). This clearly indicates that 

PCB 169 has a tendency to accumulate in the kidneys, as 

well as other tissues.  

The phenomenon can be better understood if the path of 

PCB within the fish body can be traced. Physiologically, the 

gill is the first tissue/ organ to come into contact with the 

PCB, through respiration. Here, most of the PCB is seen to 

accumulate, and only a lesser quantity (13.23 µg g-1 and 

4.27 µg g-1 wet weight for Puntius and Rasbora, 

respectively, in the complete 30 days’ exposure) is 

accumulated in the intestine, through ingestion of the dosage 

water along with food. 

Blood, on passing through the liver, should ideally offload 

any xenobiotic for the process of biotransformation at the 

site of the liver, and such a biotransformed substance is then 

expected to be excreted through the kidney. In this study, 

the lowest accumulation is seen in the liver tissue (4.73 µg 

g-1 and 0.41 µg g-1 wet weight for Puntius and Rasbora, 

respectively, in the complete 30 days’ exposure). This 

indicates that the process of biotransformation in the liver 

has been an efficient one, and that least accumulation was 

observed in the liver tissue.  

In kidney tissue, bioaccumulation was higher than the liver, 

indicating that the kidney could not excrete the PCB 169 

that found its way into the tissue through blood. 

 

Conclusion  

The results of the experiment clearly indicate that PCB 169 

has the maximum propensity for accumulation in the Gill 

tissue as compared to the other tissues studied; viz. intestine, 

kidney and liver. Further, over the complete exposure 

period, the build up of PCB 169 is initially slow, and 

becomes more rapid as time in the number of days of 

exposure increases. Rasbora daniconius is seen to 

accumulate PCB 169 in all its tissues to a much greater 

extent as compared to Puntius ticto. 

There is a need to further study bioaccumulation and 

biomagnification of PCB 169 through freshwater trophic 

systems, in order to analyse its presence and resultant threat 

to the health of top consumers including man. 
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