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ABSTRACT
Polychlorinated biphenyls (PCBs) are synthetic, aromatic organochlorine
chemicals regulated by the Stockholm Convention on Persistent Organic
Pollutants (POPs) due to their slow degradation, toxicity, lipophility and
the ability to accumulate and biomagnify in food chains. Several studies
have revealed a wide range of adverse health and developmental effects
associated with exposure to PCB congeners. In order to investigate the
magnitude and spatial distribution of PCBs in biota in Ghana, the bivalve
Galatea paradoxa from Ada in Ghana was analyzed to determine their PCB
congener concentration levels during the wet and dry seasons. The number
of bivalves collected for both seasons was 180. PCB congeners were extracted
using 1:1 acetone-hexane solvent mixture and the samples analyzed with a
gas chromatogram; model CP 3800, equipped with electron capture detector

P

olychlorinated biphenyls (PCBs), are man-made organochlorine
compounds derived from a biphenyl molecule with theoretically about
209 chlorinated isomers of biphenyl. The different combinations, known as
congeners, each has a definite number and pattern of chlorine substitution
(1). Whereas less-chlorinated PCBs are colorless, tasteless, clear to pale-yellow
viscous liquids, highly chlorinated mixtures are more viscous, deep yellow
and soft waxy solids (2). Commercial production of PCBs started in 1929
but their use had been banned or severely restricted in many countries since
the 1970s and 80s because of the possible risks to human health and their
persistence in the environment. Owing to the resistance of PCBs to acids,
bases and heat, they have been used extensively as insulating materials in
electrical equipment such as transformers and capacitors, in heat transfer
fluids and in lubricants. Others include uses in a wide range of products such
as plasticizers, surface coatings, inks, adhesives, flame-retardants, paints and
carbonless duplicating paper (1,3,4). Concerns over the toxicity of PCBs in
the environment and its classification as Persistent Organic Pollutant (POP)
led to a ban on them by the United States Congress in 1979 and also by the
Stockholm Convention on POPs in 2001 (4,5). Previously, the International
Research Agency on Cancer (IRAC) labeled PCBs as probable or definite
human carcinogens. However, in 2013, the International Research Agency
on Cancer (IARC) classified dioxin-like PCBs as human carcinogens (6).
Indeed, several studies have established increases in malignant melanoma
and rare liver cancer cases in PCB workers. Meanwhile the United States
Environmental Protection Agency has declared that PCBs cause cancer in
lower animals and are probable human carcinogens (7). Notwithstanding the
prohibition of its manufacture in the United States and many other countries,
PCBs are still authorized by the PCB regulatory body for use in electrical
equipment, mainly as dielectric fluids (or containments in dielectric fluids)
(8-10). Today, PCBs can still be released into the environment from poorly
maintained hazardous waste sites that contain PCBs, illegal or improper
dumping of PCB wastes, leaks or releases from electrical transformers
containing PCBs, disposal of PCB-containing consumer products into
municipal or other landfills not designed to handle hazardous waste, burning
some wastes in municipal and industrial incinerators (11).

(GC-ECD), using mixed PCBs standard of ICES 7 after clean-up. Quality
assurance assessment was carried out to validate the efficiency and precision
of extraction and analytical methods by the use of spiked samples and
certified reference material, 1941b, from NIST, USA and analyzed alongside
the samples. Total mean PCB congener levels detected ranged from 7.56 ±
1.08 µg/kg wet weight (for the dry season) to 8.26 ± 1.18 µg/kg wet weight
(for the wet season); with a mean of 7.91 µg/kg wet weight. The levels of PCB
congeners detected in Galatea paradoxa were very low and compared favorably
well with those obtained in bivalves from other regions of the world. The
compositions of PCB homologues detected followed the descending order:
hepta (24.78%), tetra (22.62%), hexa (21.61%), tri (17.44%t) and penta
(13.65%). Results of risk assessment conducted on the data showed that
PCBs levels in Galatea paradoxa from Ada in Ghana were not high and fall
within the recommended standards set by the World Health organization
(WHO) and other regulatory authorities, hence may not pose any significant
health risk to consumers.
Key Words: Polychlorinated biphenyl; Toxic equivalency factor (TEF); Hazard index
(HI); Galatea paradoxa; Tolerable daily intake (TDI); Quality assurance (QA)

Though the production and sale of PCBs were banned since 1977, the major
use of PCBs today has to do with dielectric fluid in electrical equipment
servicing industries with large electrical power distribution and consumption
which continue to pose potential threats to the environment in the event of
releases (12). Currently, the main sources of PCBs in the environment are
transformer oils, capacitors and other electrical equipment. Some consumer
products that may contain PCBs include old fluorescent lighting fixtures,
electrical devices or appliances containing PCB capacitors made before the
banning of PCBs, old microscope oil, and old hydraulic oil (13-17).
The widespread commercial application of PCBs was due largely to their
chemical stability such as low flammability and desirable physical properties,
including electrical insulating properties.
The key properties of PCBs are environmental stability, biological persistence
and lipophilicity which facilitate their accumulation in the food chain. PCBs
have entered the environment through use and disposal making their fate in
the environment both complex and global in scale (13).
PCBs are also known to resist oxidation and reduction in the natural
environment, thereby making them very stable compounds and not
degrading nor decomposing readily. Besides having a long half -life of about
8 to 15 years, they are also insoluble in water, contributing to their stability
(14). Moreover, destruction of PCBs by chemical, thermal, and biochemical
processes is highly problematic and presents the risk of generating extremely
toxic dibenzodioxins and dibenzofurans through incomplete oxidation.
Humans are mainly exposed to PCBs through food, and occasionally,
through occupation. Some of the reported effects of PCBs in humans
include chloroacne, skin discoloration, liver dysfunction, reproductive
defects, dermatitis, dizziness, development toxicity and oncogenicity in
exposed humans. Research has also indicated that some PCBs have the
ability to alter reproductive processes in mammals (16). A number of research
findings have established the fact that PCBs pose a major threat to humans
and the environment even at very low concentrations (17).
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The main routes of PCBs into the human body is through the lungs, the
gastrointestinal tract (GIT) or the skin after which they get circulated
throughout the body via the bloodstream and are eventually stored in fatty
tissues and other several organs such as the liver, kidneys, adrenal glands,
brain, heart and skin where they can wreak havoc in diverse ways (18,19).
PCBs are known to be lethal to fishes and invertebrates and can kill these
organisms in even low concentrations (20,21).

to contamination is nascent. This study therefore, seeks to determine the
distribution of PCBs in Galatea paradoxa from Ada in the coastal region of
Ghana to ascertain whether the levels pose any significant threat to humans
and the environment.

Despite the efforts of world leaders and international bodies towards PCB
elimination, it is quite disturbing to know, according to recent studies that,
other lesser known forms of PCBs, referred to as non-legacy PCBs (2),
continued to be generated and released into the environment, not from
intentionally created commercial products, but as unintentional by-products
of manufacturing processes (22). The newly emerging trend on the PCB
front is, therefore, a complex one: the release of non-legacy PCBs, alongside
the persisting environmental presence of the usual PCBs, exacerbated by a
startling revelation of how PCBs can affect human health, even at very low
levels of exposure. Such an intricate development will certainly frustrate the
existing efforts towards PCBs elimination.

The bivalves were collected from Ada in the Greater Accra Region of Ghana.
Figure 1 below indicates the location of the sampling site. This location was
chosen because of accessibility of the bivalves and also the fact that they serve
as an important delicacy and food for the indigenous people. They also serve
as important source of employment for a lot of people in the area.

While research work has been done on the fate and transports of PCBs
in environmental media, little attention has hitherto been devoted to the
distribution of PCBs in biota, especially, in coastal environments in subSaharan Africa. In this context, our knowledge on how PCBs affect relevant
physiological and behavioral characteristics of organisms that are susceptible

The bivalve Galatea paradoxa (also called the Volta River Clam and locally
known as adodi) was the species investigated in this study to determine their
accumulation levels of polychlorinated biphenyls during the dry and wet
seasons in Ghana. Galatea paradoxa are mostly fresh water bivalves which
inhabit predominantly the Volta Lake or Volta River.

MATERIALS AND METHODS
Study area

The samples were collected over a period of ten months; from May 2009 to
March 2010. Wet season samples were collected between May 15, 2009 and
November 30, 2009 while the Dry Season samples were collected between
December 1, 2009 and March 30, 2010.

SAMPLE COLLECTION AND PROCESSING

Figure 1) A map showing the sampling site
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The bivalves used in the study were of different sizes. They were collected
into ice chest container and labeled. In all, about 180 bivalves were collected;
90 bivalves for each season.

Having established the GC operating conditions, the same conditions were
used for the analysis of standards, the QC (Quality Control) check samples,
laboratory reagent blank (LRB) and samples.

LABORATORY ANALYSIS

QUALITY ASSURANCE

The procedure employed in this study for the extraction of PCBs and analysis
was similar to the one adopted by Dodoo et al. (23). In the laboratory, Galatea
paradoxa (Figure 2A) tissues were removed from their shells, blended and
homogenized after which anhydrous sodium tetraoxosulphate (VI), Na2SO4,
was added to the homogenized sample. Composite samples were therefore
prepared. 10.0 g aliquots of the wet tissues were placed in 250 mL flat
bottomed flasks. A 150.0 mL 1:1 acetone-hexane solvent mixture was added
to each sample in the flask and subjected to cold maceration and wrist-shaker
action for twenty-four hours (Figure 2B). The crude PCBs extracts were then
collected into a 100.0 mL clean glass vial and concentrated to about 2.0 mL
using a rotary evaporator. The crude extracts were subsequently transferred
into a clean 12.0 mL vial for cleaning. US EPA Method 363°C clean-up
procedures were used to clean the extracts. The cleaned extracts were then
analyzed using a gas chromatograph equipped with electron capture detector
(GC/ECD).

The quality assurance protocol adopted in this study also followed that of
Dodoo et al. (23).

The typical approximate reporting limit for individual PCBs is 1.0 ppm
(i.e., mg/kg). PCBs recovery standards at known concentrations were first
analyzed, after which the samples were also analyzed.

Recovery (%R)=Cs ‒ Cu/Cn, where,

GC operating conditions for the determination PCB of congeners:

Cu=Measured concentration (peak height) of non-spiked sample

Detector: ECD (Electron Capture Detector)

Cn=Nominal concentration (peak height) of standard or spiked.

Injection port temperature: 255°C
Detector temperature: 300°C

Precision was also estimated from the relative percent difference (RPD) of
the concentration (peak heights) measured for spiked duplicate pairs. The
RPD was calculated according to the following formula:

Column temperature: 80°C (hold 2 min.) to 180°C (hold 1 min) at a rate of
25°C/min to 300°C at a rate of 5°C/min.

RPD=

Carrier gas: (N2): 20 psi

For the purpose of ascertaining the efficiency of extraction method and
analytical procedures, quality assurance was undertaken as a means of
validating these processes. Certified reference material1941b for PCBs from
NIST, USA, was extracted and analyzed by the GC–ECD. In addition,
duplicate samples were spiked with 0.2 ppm mixed PCBs standard to
determine recovery and precision of extraction and analytical methods
employed.

COMPUTATION OF RECOVERY AND PRECISION
ESTIMATION OF SAMPLES
The percent recovery of spiked sample was calculated according to the
following formula:
Cs=Measured concentration (peak height) of spiked sample aliquot;

[C1 − C 2 ]x100
, where
1
/ 2 [C1 + C 2 ]

Carrier gas flow rate: 1.0 mL/min

C1=Measured concentration (peak height) of the first sample aliquot;

Make-up gas flow rate: 29.0 mL/min

C2=Measured concentration (peak height) of the second sample aliquot.

Nature of column: VF-5 m (40 m × 0.25mm i.d × 0.25 µm film thickness

The results of the precision analysis ranged from 8.9 to 9.2.

Analytes of interest in the samples were tentatively identified and semiquantitation made. Identifications of PCB congeners were carried out
by comparison of retention times, peak heights and peak patterns of the
samples with those of the recovery standards.
For the purpose of estimating the efficiency and precision of the extraction
and analytical methods, certified reference material 1941b for PCBs from
NIST, USA, was also extracted and analyzed by the GC–ECD.

PROCEDURE USED TO DETERMINE HAZARD INDEX (HI) AND
TOXIC EQUIVALENTS (TEQs) OF THE SAMPLES
The hazard index methodology described by Environment Agency (2009b,
2009c and 2009d) adopted by Dodoo et al. (23), was also employed for
computing the HI for Galatea paradoxa in this study.
For the total PCB congeners analyzed, the average daily exposure (ADE) of

Figure 2a) Bivalve (Galatea paradoxa) collected from Ada to the laboratory for PCBs analysis
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Figure 2b) Crude Extracts from Galatea paradoxa in the laboratory for PCBs analysis
Galatea paradoxa tissues to PCBs was calculated using the relation:
ADE=C × EF × TEF, where,
ADE=Average daily exposure of bivalves to PCB congeners in pg WHO-TEQ
kg-1 bw day-1
C=Concentration of total PCBs analyzed in pg (i.e., ng kg-1) wet weight (WW)
TEF=Toxic equivalency factor for dioxin-like PCB 118=0.00003 pg WHOTEQ pg-1
EF=Exposure factor=5.57 × 10-4 pg/kg BW/day/ng kg-1 WW
The Hazard Index, (HI), was calculated using the relation:
HI= ADE , where,
TDSI

HI=Hazard Index of PCB congeners’
ADE=Average daily exposure of Galatea paradoxa tissues to PCBs in pg
WHO-TEQ kg–1 BW day–1;
TDSI=Tolerable Daily Intake of PCB =1.3 pg WHO-TEQ kg-1 bw day-1 for
commercial scenario.
Toxic Equivalents (TEQs) are computed literature values used to compare
the relative toxicity of dioxin and dioxin-like compounds. The TEQ values
of PCB 118 in the study were calculated using the relation: TEQ=C × TEF,

show the distribution pattern of PCBs congeners in Galatea paradoxa during
the dry and wet seasons.

DISTRIBUTION PATTERN OF PCB CONGENERS IN Galatea
paradoxa FROM ADA IN GHANA DURING THE WET AND DRY
SEASONS
The results in Table 3 illustrate the mean total PCB congener concentration
levels in Galatea paradoxa from Ada in Ghana during the wet and dry seasons.
It is clear from the results that total PCB congener concentrations during the
dry season was 7.56 ± 0.617 µg/kg with a mean value of 1.08 µg/kg while that
for the wet season was 8.28 ± 1.003 µg/kg, also with a mean value of 1.18
µg/kg. The average value for total PCBs concentration for the wet and dry
seasons was 7.91 µg/kg. The mean value obtained compared favorably with
those determined in bivalves from other parts of the world (Table 4). The
difference between the wet and dry seasons PCB congener concentration was
0.70 µgk/kg. Slightly much higher levels of accumulation were recorded for
the bivalves during the wet season than in the dry season. This observation
may be explained by the fact that levels of PCBs in aquatic environments are
TABLE 1
Percent method recoveries of PCB congeners from NIST 1941b
standard reference material
PCB Congener

Actual
Amount

Observed Amount

Percent Recovery

28

3.5

2.85

81.4

Where, C=concentration of PCB 118; TEF having the same meaning as
defined above.

52

3.5

2.7

77.1

101

3.5

2.72

77.7

RESULTS AND DISCUSSION

118

3.5

2.64

75.4

138

3.5

2.44

69.7

153

3.5

2.35

67.1

180

3.5

2.12

60.6

The results of quality assurance protocol conducted on the PCB congeners
extracted from Galatea paradoxa are illustrated in Tables 1 and 2. The
Certified Standard Reference Material, NIST 1941b gave recovery values
ranging from 60.6% to 81.4% (Table 1). These values computed for method
extraction efficiencies, within the limit of experimental errors, were quite
reasonable and acceptable. Furthermore, analysis of duplicate pair samples
spiked with 0.2 ppm mixed PCB standard gave recovery values ranging
from 78% to 91% (Table 2). Results of precision of PCB congener analysis,
expressed as relative percent (RPD%), which ranged from 8.9-9.2, were also
within the framework of the standard set by the international community.
For the purpose of identifying the PCB residues pattern in the samples, a
comparison was made on the basis of analysis of ICES 7 PCBs (i.e., PCB
28, PCB 52, PCB 101, PCB 118, PCB 138, PBC 153 and PCB 180). Table 3
shows the results of the mean PCB congener levels in Galatea paradoxa from
Ada in Ghana during the wet and dry seasons while Table 4 lists results of
PCB levels in bivalves from other studies across the world. Figures 3A and 3B
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TABLE 2
Recovery of 0.2 ppm mixed standards from spiked duplicate
bivalve samples
Area counts
PCB Congener

Cs

Cn

28

220459.8

115424

%R=R/Cn × 100
91

52

213580.6

113005.6

89

101

276194.6

145365.6

90

118

359945.2

191460.2

88

138

373739

202021

85

153

416174

231208

80

180

425525

239059
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Mean Concentrations (µg/kg) of PCBs

3.5
3
2.5
2
1.5

Dry Season
Wet Season

1
0.5
0
PCB 28

PCB 52

PCB101

PCB118

PCB138

PCB153

PCB180

PCB Congeners
Figure 3A) PCB Congener levels (µg/kg) in Galatea paradoxa at Ada in Ghana during the wet and dry seasons

Figure 3B) PCB Congener levels (µg/kg) in Galatea paradoxa at Ada in Ghana
slightly higher during the wet season mainly due to run-offs carrying PCBs
from different locations into water bodies where the bivalves live and also as
a result of perturbation of bottom sediments which serve as sinks for PCBs.
It is also significant to note that all the 7 ICES PCB congeners were detected
in the bivalves during the wet and dry seasons with varying concentrations
of each of the congeners for each season. It is also important to know that
levels of PCBs detected during the wet season were quite erratic whereas
those detected during the dry season showed almost a normal distribution
pattern, just like the average total PCBs (3C). Besides the fact that the wet
season recorded a much higher total PCB Congener concentration (8.28 ±
1.003 µg/kg) than the dry season (7.56 ± 0.617 µg/kg), it is also important
to emphasize that on congener per congener basis, PCB 180 recorded the
highest concentration of 2.94 µg/kg compared with 0.98 µg/kg for the
dry season, followed by PCB 52 with 2.15 µg/kg as against 1.42 µg/kg for
the dry season. Likewise, PCB 101 and PCB 138 recorded slightly higher
concentration levels during the wet season than the dry season. However,
PCB 118 recorded the least concentration of 0.24 µg/kg for the wet season
as against 0.36 µg/kg for the dry season, followed by PCB 153 with a mean
concentration of 0.34 µg/kg for the wet season as against 1.98 µg/kg for
the dry season. It is also pertinent to note that lower levels of PCB 118
were detected in Galatea paradoxa during both seasons. Figures 3A and 3B
compare levels of PCB congeners during the wet and dry seasons.

J Environ Chem Toxicol Vol 2 No 2 May 2018

PCB CONGENER PROFILE AND HOMOLOGUES IN Galatea
paradoxa FROM ADA IN GHANA
A closer look at the dry season results indicates appreciable distribution of
the entire PCB congeners in the descending order:
PCB 153>PCB 28>PCB 52>PCB 180>PCB 101>PCB 138>PCB 118 whereas
the wet season results follows the pattern:
PCB 180<PCB 52 PCB 28<PCB 101<PCB 138<PCB 153<PCB 118; with
PCB 180 and PCB 52 dominating.
It is quite instructive from the results for both seasons that the bivalves
accumulated fairly high levels of PCB 153, PCB 28, PCB 180 and PCB 101
and quite smaller levels of PCB 138 and PCB 118 respectively during the dry
season while during the wet season they were more enriched with PCB 180,
PCB 52, PCB 28, PCB 101 and PCB 138 in that order; with quite smaller
levels of PCB 138 and PCB 118 respectively. It is important to indicate
that none of these results is in total agreement with some earlier research
findings by Dodo ort al. (23) who reported that bivalves (i.e., oysters) from
Narkwa in Ghana were more enriched with PCB 180, PCB 28 and PCB
153 than all the other congeners and also (24) had reported that bivalves in
general, preferentially accumulate PCB congeners with 4, 5 and 6 chlorine
substituents namely, PCB 52, PCB 101, PCB 118 and PCB 138.

52
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Average PCB Levels
Mean Concentration (µg/kg) of PCBs

2
1.8
1.6
1.4
1.2
1
Average PCB Levels

0.8
0.6
0.4
0.2
0

PCB 28PCB 52
PCB101
PCB118
PCB138
PCB153
PCB180
PCB Congeners

Figure 3C) Average total concentration of PCB Congeners in Galatea paradoxa at Ada in Ghana during the dry and wet seasons
TABLE 3
Mean concentrations (µg/kg) of PCB congener levels in Galatea paradoxa from Ada in Ghana during the dry and wet seasons
PCB Congener

Dry Season

PCB 28

1.64

Wet Season
1.11

PCB 52

1.42

2.15

PCB 101

0.72

0.84

PCB 118

0.36

0.24

PCB 138

0.46

0.64

PCB 153

1.98

0.34

PCB 180

0.98

2.94

∑ PCB

7.56

8.26

Mean PCBs

1.08

1.18

Std. Dev.

0.617

1.003

TABLE 4
Mean concentrations of PCBs in some bivalves collected worldwide

53

Location

Bivalve

Red Sea

Brachiodontes

Izmit Bay (Turkey)

M. galloprovincialis

Range ng/g ww
7 - 66

References
Khaled et al. [46] (2004)

3 - 21

Telli et al. [44] (2002)

5 – 14

Tolun et al. [45] (2000)

Izmit Bay (Turkey)

M. galloprovincialis

NW Med. Coast

M.galloprovincialis

10-700

Villenevue et al. [16](1999)

Ariake Sea (Japan)

Mytilus edulis

Av. 590

Nakata et al. [10] (2002)

Korea

M. edulis

6-100

Khim et al. [16] (2000)

Perth (Australia)

M. edulis

<10

Burt and Ebell [47] (1995)

USA.

M. edulis

10-3,800

Sericano et al.[36] (1995)

Denmark

M. edulis

3-328

Granby &Spliid [42] (1995)

1 - 36

Tolun et al. [45] (1999)

Hong Kong (China)

Perna viridis

1-152

Liu and Kueh [48] (2005)

Cambodia

Perna viridis

0.5-5.1

Monirith et al.[21] (2003)

Mainland (China)

P. viridis

0.3-13

Monirith et al.[21] (2003)

India

P. viridis

0.2-11

Monirith et al.[21] (2003)

Indonesia

P. viridis

0.1-2.7

Monirith et al.[21] (2003)

Japan

P. viridis

7.4-84

Monirith et al.[21] (2003)

South Korea

P. viridis

0.8-7.2

Monirith et al.[21] (2003)

Malaysia

P. viridis

Philippines

P. viridis

0.4-14

Monirith et al.[21] (2003)

Singapore

P. viridis

2.4

Monirith et al.[21] (2003)

Vietnam

P. viridis

1.4

Monirith et al.[21] (2003)

Thailand

P. viridis

0.01-20

Tonabe et al. [43] (2000)

Nigeria

P. viridis

122

Azokwu, [41] 1999

Ghana

Anadara senilis

101

Otchere [9] 2005

Ghana

Anadara senilis

5.55-6.37

Dodoo et al. [23] (2012)

Ghana

Crossotrea tulipa

2.95-11.41

Dodoo et al. [23] (2012)

Ghana

Galatea paradoxa

7.56-8.26

Current study

Monirith et al.[21] (2003)
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Though maximum concentration levels of PCB congeners were observed for
the wet season (essentially for PCB 180 and PCB 153), yet there appeared to
be no significant seasonal variation between the wet and dry season results.
The seemingly greater concentrations of higher PCB congeners detected
in Galatea paradoxa might be ascribed to the inability of the systems of the
bivalves to metabolize these congeners efficiently that could have led to
their excretion or perhaps, the higher lipid contents in their tissues which
facilitated the accumulation of the higher chlorinated isomers (25,26).
Phillips (27) reported that PCB concentrations in biological tissues are
positively correlated with the extractable lipids. In another study, Muncaster
(27) found that PCB accumulation in the freshwater mussels L. radiata varied
inversely with the body size, mainly attributable to alteration in assimilation
rates. On the contrary Asokwu (1999), working on Anadara senilis did not
establish any relationship between lipid content and PCB concentration (4).
The inference that could be made from these observations is that there might
be different mechanisms of accumulation pattern of pollutants as well as
different metabolic capacities in aquatic biota (28-30).
These factors might be responsible for the levels of PCB congeners detected
in Galatea paradoxa investigated.
The clams investigated were fairly enriched with the higher chlorinated
isomers (e.g. PCB 180) as well as PCB 52 and the lower chlorinated PCB 28;
with intermediate distribution of the other congeners during the wet season.

TOXICITY EQUIVALENTS (TEQs) CONCENTRATION OF PCB
118
Toxic equivalent factor (TEF) is a value used to estimate the toxicity of a
compound relative to 2,3,7,8-tetrachlorodibezo-p-dioxion (TCDD), the
most toxic known chemical (32). TEF values, in conjunction with chemical
residue data are used to evaluate toxic equivalent concentrations in
different environmental samples including Galatea paradoxa. Of the PCBs
analyzed in this study, only PCB 118 is a dioxin-like PCB. Thus PCB 118
TEQ concentration was determined using the equations and TEF values
of World Health Organization as provided by Van den Berg et al. (33). In
order to obtain the average PCB 118 TEQ for the bivalves, the total mean
concentrations (µg/kg) of PCB 118 (Table 3) were multiplied by WHO
2005 TEF for PCB 118 (i.e., 0.00003) for both seasons and the mean value
computed. Thus, the average TEQ for the bivalve Galatea paradoxa from Ada
in Ghana was found to be 9.0 × 10-6 µg/kg (i.e., 0.000009 µg/kg or 0.90
ng/g). The significance of the PCB 118 TEQ value in this research is that
it enabled us to evaluate the level of toxicity associated with consumable
Galatea paradoxa from Ada in Ghana to ascertain whether their consumption
could be harmful to human health.

HAZARD INDEX (HI) OF PCBS IN Galatea paradoxa FROM ADA
IN GHANA

This indicates that the clams investigated were highly enriched with the
highest chlorinated isomer (PCB 180), followed by the less chlorinated isomer
(PCB 52), then the least chlorinated isomer (PCB 28). This finding is also in
partial agreement with those of Dodoo et al. (23) where the bivalves studied
were more enriched with PCB 180, followed by PCB 28. The composition of
PCB homologues in the clams was dominated by heptachlorobiphenyl, PCB
180 (24.78%); tetrachlorobiphenyl, PCB 52 (22.62%); hexachlorobiphenyls,
PCB 153 and PCB 138 (21.61%), trichlorobiphenyl, PCB 28 (17.44%)
and pentachlorobiphenyl, PCB 101 and PCB 118 (13.65%) homologues,
respectively.

Hazard Index is a risk assessment protocol used to determine the degree of
risk posed to humans by different levels of PCBs exposures. In this regard,
an HI value of 1.0 or more indicates a significant risk to human health
whereas HI values less than 1.00 indicates no significant risk (Environment
Agency, 2009b). The Hazard Index methodology described by Environment
Agency (2009b, 2009c and 2009d) was employed in this study for the
computation of the HI value for the bivalves. TEQs are calculated values
that enable the comparison of relative toxicities of dioxins and dioxin-like
compounds. The TEQ value in the results was based solely on PCB 118
since it is the only dioxin-like PCB among those quantified. Thus TEQs,
essentially, enable people to understand the relative toxicity of the chemical
release information. ADE on the other hand, defines average daily exposure
to PCBs. The mean total calculated HI value for Galatea paradoxa from Ada
in Ghana was found to be 0.033. Since the value is far less than 1.0 (i.e.,
0.033<<1 or HI<<1), the possibility of any health risk associated with the
consumption of the Volta River Clams from Ada in Ghana is very minimal
or insignificant (Environment Agency, 2009b, 2009c, 2009d).

STUDY RESULTS IN THE CONTEXT OF PUBLISHED
STUDIES

RISK ASSESSMENT OF PCBS IN Galatea paradoxa FROM ADA IN
GHANA AND HEALTH IMPLICATIONS ON CONSUMERS

Data on scholarly works concerning PCB residues in bivalves from different
part of the world are shown in Table 4. In this study, the mean total PCB
congener levels detected in Galatea paradoxa from Ada in Ghana ranged
from 7.56 ± 0.616 µg/kg-8.26 ± 1.00 µg/kg wet weights. It is clear from
Table 4 that PCB levels detected in Galatea paradoxa were quite low and
compared favorably with those obtained from other regions of the world.
They were lower than those from the Red Sea, Japan, Turkey, North-West
Mediterranean Coast, USA, Hong Kong (China) and others. However, the
values were a bit higher than those from Vietnam, Singapore, Indonesia,
Cambodia and South Korea.

Risk assessment is the procedure by which one estimates the probability
of some adverse effect, such as that of a contaminant in the environment.
Environmental risk assessments are conducted to help protect human health
and the environment and are often used to assist in meeting regulations
such as those stipulated by regulatory bodies like World Health Organization
(WHO) and many others. The complex nature of chemicals mixtures in the
environment presents a challenge to risk assessment (34).

The average total PCB congener concentration levels determined for both
wet and dry seasons are illustrated in Figure 3C. It is clear from the figure
that the overall pattern of PCB congener concentration levels in the bivalves
for both seasons was in the ascending order:
PCB 118<PCB 138<PCB 101<PCB 153<PCB 28 PCB 52<PCB 180.

The variability in the various regions is quite enormous, apparently in several
orders of magnitude. This singular factor significantly limits analysis of
intra- as well as inter-regional comparisons. Additionally, the use of different
kinds of species, size differences, seasonal effects, methods of extraction and
quantifications, among others, act together to make comparison of results
quite difficult and challenging.
Generally, the highest values are obtained from areas, often with high
industrial input while the lowest concentration levels come from organisms
inhabiting remote environments. This observation could be explained by the
fact that PCBs are predominantly industrial-based chemical (31,32) and thus
tend to be prevalent in areas where industries are concentrated. It is also of
interest to know that PCB technical mixtures with specific congeners, once in
the environment, essentially undergo changes (e.g. weathering) with a gradual
increase in the less chlorinated congeners as a result of de-chlorination of
the higher chlorinated isomers. Consequently, environmental PCB pattern
cannot be compared in real terms with respect to the original pattern (9).
Despite these findings, a randomized trial is necessary to definitively assess
the value of banked virus-specific T cells for the treatment of CMV in HSCT
recipients, as well as other immunocompromised patients.
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There are many routes of exposure of toxic chemicals, such as PCBs (a
member of POPs) into the human body. These include drinking water,
ingestion of food substances contaminated with PCBs, indoor air (as well as
outdoor air) and sediments or contaminated soils via the skin. Total POPs
exposure dose estimation via soil (35), drinking water (36) and food (37)
can be evaluated. Permissible levels of PCBs allowable into the human body
are set by regulatory bodies based on exposure pathways. In recent times, a
number of authorities have re-assessed and re-evaluated the potential risks
of PCBs mainly based on developmental risks. In this regard, tolerable daily
intake (TDI) values were essentially described for risk assessment. TDI is
the amount of chemical that can be taken daily over lifetime without any
anticipated adverse effects on human health. The recommendation for TDI
of WHO–TEQ of the UK Committee on Toxicity of Chemicals in Food,
Consumer Products and Environment (COT) is 2.0 pg WHO-TEQ/kg bw
(COT, 2001). Furthermore, according to recent reports (ATSDR, 2014),
the recommended standard of WHO for PCBs in food is 6.0 µg/kg. In this
study, calculation of PCB 118 TEQ on Galatea paradoxa from Ada in Ghana
gave a value of 9.0 × 10-6 µg/kg (i.e., 9.0 × 10-3 pg/g), a figure far lower than
those recommended above by regulatory authorities. The value is also lower
than the 21.0-112 pg/kg determined in some consumable bivalves by Dodoo
et al. (23) from Narkwa, Ada and Anyanui in Ghana. This indicates that
consumption of the Volta River Clams from Ada in Ghana may not pose
any significant risk to human health. The TEQ value was also in perfect
agreement with the hazard index (HI) value of 0.033 which also indicates
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no significant risk to consumers of the bivalves. It is important to emphasize
that all the values computed to analyze risk assessment on Galatea paradoxa
from Ada in Ghana were all based on ingestion of PCB-contaminated
bivalves. Therefore, based on the results obtained from this study, it can be
concluded that the bivalves are not contaminated with PCBs and so are safe
for human consumption.
Nevertheless, owing to scanty data on levels of PCBs contamination in the
study area, coupled with the fact that, other exposure pathways do exist; it
is not scientifically prudent to draw a definite conclusion on health risk
on consumers. It is however, important to know that PCBs with higher
chlorination in fatty tissues may increase health risks, mainly because highly
chlorinated PCBs tend to be retained in fatty tissues (US EPA, 1995) while
those with three or fewer chlorine atoms are known to more readily undergo
biological transformation (US EPA, 1992).

CONCLUSION
The mean levels of PCB congeners detected in Galatea paradoxa from Ada in
Ghana ranged from 7.56 ± 0.616 µg/kg wet weights (WW) for the dry season
and 8.26 ± 1.003 µg/kg WW for the wet season, with seasonal average of
7.91 µg/kg. A slightly higher level of PCB congeners was detected in the
bivalves during the wet season than the dry season. This observation could
be attributed to run-offs carrying PCBs from different locations into water
bodies where the bivalves live and also as a result of perturbation of bottom
sediments which serve as sinks for PCBs. There was, however, no significant
difference between the wet and dry season’s results. The overall average PCB
congener levels compared favorably well with those obtained in bivalves
analyzed from other regions of the world such as Mytilus galloprovincialis from
Izmit Bay (Turkey), 3.0-21.0 ng/g (38); Perna viridis from the Philippines, 0.414 ng/g (39), P. viridis from Japan, 7.4-84.0 ng/g (39); M. edulis from Korea,
6.0-100 ng/g (16), M. edulis from Denmark, 3-328 (40), Perna viridis from
Hong Kong (China), 1.0-152.0 ng/g, M. galloprovincialis from North West
Mediterranean Coast, 10.0-700.0 ng/g (33), Crossotrea tulipa from Ghana,
2.95-11.4 1 ng/g (23) and many more as illustrated in Table 4. Averagely, the
compositions of the PCB homologues were dominated by heptachlorobiphenyl
(24.78%)>tetrachlorobiphenyl (22.62%)>hexachlorobiphenyls, i.e., PCB 153
and PCB 138 (21.61%)>trichlorobiphenyl and pentachlorobiphenyl, i.e., PCB
101 and PCB 118 (13.65%), respectively. Furthermore, risk assessment was
conducted on Galatea paradoxa analyzed in the study using the PCB 118 TEQ
(WHO-TEQ) and hazard index (HI) risk management protocol. The results
indicated that the calculated PCB 118 TEQ of 9.0 × 10-3 pg/g bw determined
falls reasonably well within the recommended tolerable daily intake (TDI)
of WHO–TEQ of the UK Committee on Toxicity of Chemicals in Food,
Consumer Products and Environment (COT) of 2.0 pg WHO-TEQ/kg bw
as well as the recommended standard of 6.0 µg/kg (or 6.0 ng/g) set by the
World Health Organization, WHO (18). This indicates that Galatea paradoxa
from Ada in Ghana are not unduly contaminated with PCBs and so may
not pose any significant health risk to consumers. In addition, the HI risk
assessment protocol gave a value of 0.033 (i.e., HI<<1) also in support of the
fact that Galatea paradoxa from Ada in Ghana are safe for consumption. This
study is very relevant since it provides additional information and data on
the scope and distribution of PCBs in biota in the Ghanaian environment.
Moreover, it will also contribute significantly to the global inventory of PCBs
and pave the way for adequate risk assessment.
In the local front, it will go a long way in augmenting the efforts of Ghana’s
Environmental Protection Agency (EPA) toward PCB elimination in
accordance with the Stockholm Convention.
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