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The Caspian Sea is important in terms of environment and monitoring of
biological pollutants due to its long coastlines and commercial activities of
the industrial port of agriculture and tourism. Identifying marine
environmental pollutants is the first step to rebuilding and protecting this
valuable ecosystem. The purpose of this study was to determine the amount
of Polychlorinated biphenyls in sediments and Barnacles of Anzali and
Caspian ports in Guilan province, Iran. Therefore, Barnacle and sediment
samples were collected in 2 stations whit 3 replications in Anzali and
Caspian ports by VanVeen Grab sampler in summer according to the life
cycle of Barnacles. After preparation and drying with freeze dryer, after
analysis, it was read by gas chromatography. The highest concentration of
PCBs in Barnacles in Anzali station was related to isomers PCB-81 &
PCB-77 and the lowest was related to isomers PCB-114 and PCB-156. The
highest concentration of PCBs in Barnacles in Caspian station was related
to isomers PCB-28 and PCB-77 and the lowest was related to isomers PCB-
114 & PCB-153. The highest PCB concentration in sediment in Anzali and
Caspian ports was recorded similarly for isomers PCB-52 & PCB-28 and
the lowest was related to isomers PCB-114 and PCB-156.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

1970s and 1980s. With the entry into force of the
2004 Stockholm Convention on Persistent

In the past, polychlorinated biphenyls (PCBs)
were specifically manufactured on a large
industrial scale and used, for example, in
transformers and electric motors, or as additives
in sealing materials and hydraulic oils. Their
production was banned in many countries in the
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Organic Pollutants, adopted in the European
Union by the POPs Directive (EC 850/2004), a
global strategy to eliminate this pollutant was
developed. Polychlorinated Biphenyls (PCBs)
are environmental pollutants that have been
identified in various environmental matrices
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PCBs Contamination in Anzali and Caspian Ports

around the world. However, a significant portion
of the environmental burden of these compounds
is due to disposal operations, accidents leaking
from various industrial facilities, and from
chemical waste disposal facilities. The total
amount of PCBs produced worldwide and the
proportion available in the environment is
unknown. However, it is estimated that about 1.5
million tons are produced worldwide. Therefore,
to manage the risk of PCBs to the environment
and human communities, it is necessary to
develop scientific studies and detailed
experiments to determine the amount of PCBs in
the natural ecosystem of each region and
information about their interactions. Hence, the
aim of this research was to investigate the PCBs
contamination in barnacles and sedimentation of
two main ports in the north of Iran, Anzali and
Caspian.

Material and Methods

In this study, two stations were considered for
sampling coastal sediments and barnacles.
Sampling was performed in the summer in 3
replications to reduce the error rate. A total of 6
samples were collected for sediment and 6
samples for Barnacle. Sampling was done by
Van Veen Grab sampling machine and all
samples were washed with seawater and then
distilled water after harvest and kept in
aluminium containers at 4 °C until the samples
were prepared and in standard conditions in a
trusted environmental laboratory Transferred.
Sediment and barnacle samples were freeze-dried
for 48 hours using a freeze dryer to allow the
samples to dry completely. Sediment samples
were then passed through a 250 um sieve and
Barnacle samples were ground. Method of PCB
extraction from seawater and Barnacle sediments
using ultrasonic probe: 5 g of the granulated
sample is transferred to a 40 ml vial. To obtain
the extraction recovery, a standard 10 ml ppb of
Sarugite (PCB-209) is added to the sediment
inside the vial of 60 ml. Then precipitate 3 times
with 20 ml of a 50:50 mixtures of
dichloromethane: acetone solvents and the
precipitate is exposed to ultrasonic waves from
the ultrasonic probe for 5 minutes. The sediment
is then removed using a centrifuge and the
extracted solvent is collected in a 100 ml rotary
balloon. For the complete extraction of PCBs, the
extraction and decontamination steps are
repeated three times. Then the solvent is dried in
a balloon using a rotating machine, then the
rotary balloon is washed with 5 ml of hexane and
the resulting solution is transferred to the cleanup
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stage. First, some fibreglass was transferred into
the pasteurizer pit, and then 500 mg of silica gel
was transferred into the pipette. Before passing
the extract, the silico-stationary phase was
quenched with 3 ml of hexane. The extract was
then passed through the column and the column
was washed again with 10 ml of hexane and the
solution was collected in a column in a vial.
Finally, the resulting solution was brought to a
volume of 200 ml by blowing N2. To analyze
PCBs, one ml of the solution was injected into
the GC-MS device and an isomer of 18 PCBs
was obtained.

Results

The results showed that the highest PCB
concentration of Barnacle environmental index in
Anzali and Caspian stations is 53 ng. The highest
concentration of Barnacle ecological index in
Anzali and Caspian stations is related to PCB-77
isomer. The highest PCB concentrations in
Anzali and Caspian stations are related to PCB-
28 and PCB-52 isomers, respectively. The lowest
PCB concentration of Barnacle environmental
index in Anzali and Caspian stations is 2.67 and
3.17 ng, which is related to the PCB-114 isomer.
The lowest PCB concentrations in Anzali and
Caspian stations are related to PCB-114 and
PCB-156 isomers, respectively. Consistent with
the results of the study that the highest amount of
PCB in the sediment, which was in the isomer
PCB-28 and PCB-52 (Table 1). In general, the
biodegradation of PCBs in the environment
depends on the number of chlorine atoms, and
PCB compounds with higher chlorine content
have higher adsorption.

The results show that the statistical test of PCB
isomers in Anzali and Caspian is significant at
the level of 5% and a significant relationship was
observed between Barnacle PCBs and sediment.
Increasing the level of contaminants in the
environment of PCBs has a direct and increasing
effect on both barnacle and sediment, But the
main reason for the release of different levels of
contaminants in the environment of PCBs is
different in different places. In Bandar Anzali,
the existence of centres with a high potential for
oil pollution, including the existence of Kilka
industrial fishing vessels and gasoline pumps that
supply fuel for fishing and recreational boats in
the rivers leading to the exit of Anzali Wetland
and the entrance to the shipping canal is the main
sources of pollution.
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Table 1 PCB level in Anzali and Caspian stations (ng)

Anzali Caspian

PCBs N 11\{4;21? PCBs N ll\f:sl‘: PCBs N 11\{4:1?1‘3 PCBs N 11\14;1?1?
Barnacle Sediment Barnacle Sediment
PCB-28 3 47.00 PCB-28 3 53.00 PCB-28 3 50.00 PCB-28 3 53.00
PCB-52 3 44,00 PCB-52 3 48.83 PCB-52 3 47.00 PCB-52 3 50.00
PCB-101 3 23.00 PCB-101 3 34.67 PCB-101 3 1133  PCB-101 3 28.33
PCB-81 3 50.00 PCB-81 3 48.17 PCB-81 3 32.00 PCB-81 3 47.00
PCB-77 3 53.00 PCB-77 3 31.83 PCB-77 3 53.00 PCB-77 3 12.67
PCB-123 3 26.00 PCB-123 3 40.00 PCB-123 3 23.00 PCB-123 3 38.67
PCB-118 3 36.67 PCB-118 3 2450 PCB-118 3 38.67 PCB-118 3 20.67
PCB-114 3 2.67 PCB-114 3 3.00 PCB-114 3 3.17 PCB-114 3 4.83
PCB-153 3 29.00 PCB-153 3 3033 PCB-153 3 433 PCB-153 3 24.00
PCB-105 3 20.00 PCB-105 3 12.17 PCB-105 3 2733 PCB-105 3 12.83
PCB-138 3 3833 PCB-138 3 3533 PCB-138 3 35.00 PCB-138 3 44.00
PCB-126 3 39.00 PCB-126 3 44.00 PCB-126 3 4400 PCB-126 3 35.50
PCB-167 3 13.67 PCB-167 3 9.00 PCB-167 3 17.00 PCB-167 3 8.00
PCB-156 3 433 PCB-156 3 4.00 PCB-156 3 8.83 PCB-156 3 2.17
PCB-157 3 8.00 PCB-157 3 14.83 PCB-157 3 1233 PCB-157 3 30.17
PCB-180 3 12.67 PCB-180 3 27.33 PCB-180 3 20.00 PCB-180 3 26.83
PCB-169 3 32.00 PCB-169 3 18.17 PCB-169 3 27.67 PCB-169 3 39.83
PCB-189 3 1567 PCB-189 3 1583 PCB-189 3 40.33 PCB-189 3 16.50

Total 54 Total 54 Total 54 Total 54

Conclusion Acknowledgement

By examining the isomers of PCBs in these two
contamination stations, different isomers in the
living environment, namely Barnacle, had similar
frequencies. In the non-living environment, the
amount of PCBs contaminants in the isomers was
much lower than that of Barnacle. Study at
Anzali and Caspian ports according to the
statistical analysis (Spearman's and Kendall's
tau_b) showed that there is a positive and direct
correlation between the read isomers in the
sediment and Barnacle sections. A significant
relationship was observed between Barnacle
PCBs and sediment. As the level of contaminants
in the environment of PCBs increased, it had a
direct and increasing effect on both Barnacle and
sediment.
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Table 1 PCB level in Anzali and Caspian stations (ng)

Anzali Caspian

PCBs N 11\{4;21? PCBs N ll\f:sl‘: PCBs N 11\{4:1?1‘3 PCBs N 11\14;1?1?
Barnacle Sediment Barnacle Sediment
PCB-28 3  47.00 PCB-28 3 53.00 PCB-28 3 50.00 PCB-28 3 53.00
PCB-52 3 44.00 PCB-52 3 48.83 PCB-52 3 47.00 PCB-52 3 50.00
PCB-101 3 23.00 PCB-101 3 34.67 PCB-101 3 11.33  PCB-101 3 28.33
PCB-81 3 50.00 PCB-81 3 48.17 PCB-81 3 32.00 PCB-81 3 47.00
PCB-77 3 53.00 PCB-77 3 31.83 PCB-77 3 53.00 PCB-77 3 12.67
PCB-123 3 26.00 PCB-123 3 40.00 PCB-123 3 23.00 PCB-123 3 38.67
PCB-118 3 36.67 PCB-118 3 2450 PCB-118 3 38.67 PCB-118 3 20.67
PCB-114 3 2.67 PCB-114 3 3.00 PCB-114 3 3.17 PCB-114 3 4.83
PCB-153 3 29.00 PCB-153 3 3033 PCB-153 3 433 PCB-153 3 24.00
PCB-105 3 20.00 PCB-105 3 12.17 PCB-105 3 27.33  PCB-105 3 12.83
PCB-138 3 3833 PCB-138 3 3533 PCB-138 3 35.00 PCB-138 3 44.00
PCB-126 3 39.00 PCB-126 3 44.00 PCB-126 3 4400 PCB-126 3 35.50
PCB-167 3 13.67 PCB-167 3 9.00 PCB-167 3 17.00 PCB-167 3 8.00
PCB-156 3 4.33 PCB-156 3 4.00 PCB-156 3 8.83 PCB-156 3 2.17
PCB-157 3 8.00 PCB-157 3 14.83 PCB-157 3 12.33  PCB-157 3 30.17
PCB-180 3 12.67 PCB-180 3 27.33 PCB-180 3 20.00 PCB-180 3 26.83
PCB-169 3 32.00 PCB-169 3 18.17 PCB-169 3 27.67 PCB-169 3 39.83
PCB-189 3 1567 PCB-189 3 1583 PCB-189 3 40.33 PCB-189 3 16.50

Total 54 Total 54 Total 54 Total 54

Sl LT j5i8 0 wemge slao asbinl b awslis o
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(Kaw and Kannan 2016)
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Fig. 2 Chromatogram of GC-MS in: a) Banacle and b) sediment samples (Anzali port station) and c) Banacle
and d) sediment samples (Caspran port station)
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Table 2 Statistical test of PCB isomers

Statistical Tests Anzali port Caspian port
Barnacle Sediment Barnacle Sediment
Chi-Square 52.472 51.222 52.533 52.263
df 17 17 17 17
Asymp. Sig. 0.000 0.000 0.000 0.000
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Table 3 Correlation test in Anzali and Caspian stations
Correlations® Anzali port Caspian port
Barnacle Sediment Barnacle Sediment
Kendall's tau_b Barnacle r 1.000 0.620™ 1.000 0.352*
P value 0.000 0.000 0.000 0.000
N 54 54 54 54
Sediment T 0.620™ 1.000 0.352™ 1.000
P value 0.000 0.000 0.000 0.000
N 54 54 54 54
Spearman's rho Barnacle r 1.000 0.801* 1.000 0.450™
P value 0.000 0.000 0.00 0.001
N 54 54 54 54
Sediment r 0.801™ 1.000 0.450™ 1.000
P value 0.000 0.000 0.001 0.000
N 54 54 54 54

** Correlation is significant at the 0.01 level (2-tailed); r = correlation coefficient
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