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ABSTRACT 

Sardinella aurita and seawater samples from the Accra-Tema coast of Ghana were analysed for 

organochlorine (OC) pesticides using gas chromatography (GC) with electron capture detection 

(ECD). Residues of DDTs (p,p’-DDT, p,p’-DDE, p,p’-DDD), hexachlorocyclohexane (HCHs - α-

HCH, β-HCH and γ-HCH), endosulfan (α-endosulfan, β-endosulfan, endosulfan sulphate) and 

heptachlor were detected in fish at average concentrations ranging from 3.0 to 1235.0 μg/kg wet 

wt.  These residues were, however, below the detection limit in seawater samples. Significant 

differences (p < 0.05) in residue levels were also observed across sites, decreasing from Chorkor 

to Kpone for seven (7) of the residues that were detected in S. aurita. Evaluation of hazard ratios 

(HRs) and the health risk associated with OC exposure from consumption of sardinellas re-

vealed a probability of adverse health effect due to p,p’-DDT, γ-HCH and heptachlor. Hence, 

p,p’-DDT, γ-HCH and heptachlor may be of particular health concern. 

INTRODUCTION 

Organochlorine (OC) pesticides have been used 

to control pests in agriculture and public health 

programmes. Due to their semi-volatility and 

persistence, they can be transported through the 

atmosphere to remote areas where they have 

never been used (Borghini et al., 2005). The 

impacts of pesticides on aquatic ecosystems 

have been well documented (Castillo et al., 

1997; DeLorenzo et al., 2001), and due to their 

persistence and toxic nature, some nine (9) OCs 

have been targeted for global elimination. Ex-

posure to OCs is of major concern due to their 

carcinogenic, persistent, highly bioaccumula-

tive and toxic nature (Silberhorn et al., 1990; 

Hong et al., 1999). A number of investigators 

have reported an association between breast 

cancer and other neoplastic diseases in humans 

as a result of long-term exposure to OCs 

(Woodruff et al., 1994; Ahlborg et al., 1995). 

In addition, studies have shown that OCs such 

as DDT, dieldrin and PCB have endocrine dis-

rupting capacities.  

Due to their persistence, the OCs can be found 

in the environment long after they have been 

released. Aquatic biota may potentially acquire 

OCs from the atmosphere, water and food and 

due to their lipophilicity, changes in OC con-

centrations might also be related to lipid con-

tent (Nakata et al., 2002). In spite of the fact 

that marine fin-fishes form an important com-
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ponent of the diet of most Ghanaians, providing 

up to about 90% of animal protein (Koranteng 

et al., 2004), no studies on the presence of OCs 

and their metabolites in commercial fin-fishes 

such as Sardinella aurita, have been done. It is 

therefore of great importance for us to know the 

OC levels in commercial fishes which could 

have potential public health implications. 
 

MATERIALS AND METHODS 

Sampling, sample preparation and analysis 

Thirty (30) individuals of Sardinella aurita (S. 

aurita) were bought from artisanal fishermen at 

Chorkor, Labadi, Tema and Kpone (Fig. 1). 

The fish were wrapped in aluminum foil, 

placed on ice in an ice chest and transported to 

the laboratory. At the laboratory, twenty (20) 

individual fishes of similar weights (30.1-30.4 

g) were selected from each site to eliminate the 

effect of size on OC concentration following 

the method of Kidd et al. (1998). The samples 

were then kept in a refrigerator at -4oC until 

analysis. Water samples were collected at three 

different locations within each sampling area in 

1 liter sterilized glass bottles. The bottles were 

sealed with aluminum foil, covered, placed on 

ice and analysed within six hours. 

S. aurita samples were extracted following the 

procedure described by Jiang et al. (2005) with 

some modifications. Briefly, 10g of muscle 

tissue of individual fish was cut and homoge-

nized with pestle and mortar, and then extracted 

with 200 ml dichloromethane/n-hexane (3:1) 

mixture in a Soxhlet apparatus for 8 hrs. The 

lipid content was determined gravimetrically 

from a five-milliliter aliquot of the extract 

while the remaining extract was rotary evapo-

rated at 40oC to dryness.  The residue was dis-

solved in 2 ml n-hexane and the fat removed by 

treatment with concentrated sulphuric acid 

(saturated with n-hexane) as described by Ber-

gen et al. (1993) and Pastor et al. (1993).  The 

clear organic extract was cleaned-up by passing 

it through a silica gel column with anhydrous 

sodium sulfate placed at the top as described by 

Perugini et al. (2004). The column was eluted 

with 10 ml n-hexane and the eluate was con-

centrated to a 2ml volume using a gentle stream 

of nitrogen gas. The extracts were then trans-

ferred into glass vials ready for chroma-

tographic analysis. 

Seawater samples were extracted following the 

Association of Official Analytical Chemists 

990.06 and 970.52 methods (Rovedatti et al., 

2001). Briefly, 1.0 L water samples were ex-
tracted sequentially three times with 25 ml n-

hexane each time.  The extract was dried with 

anhydrous sodium sulfate and concentrated 

down to 10 ml by evaporation in a TurboVap 

(Zymark, Palo Alto, California, USA). The 

cleanup procedure followed the method of Hsu 

et al. (1991). Briefly, the extract was trans-

ferred onto a 1g disposable Florisil column 
preconditioned with 5ml hexane/acetone (9:1) 

mixture followed by 5ml hexane. The extract 

was then allowed to pass slowly under gravity 

through the column and the eluate discarded. 

The column was then eluted with 10ml n-

hexane/acetone (9:1) mixture, allowing the 

eluate to pass slowly under gravity once again. 
The eluate was then collected in a graduated 

test tube and evaporated to 0.5ml using a gentle 

stream of nitrogen gas. The concentrated ex-

tract was transferred into a 2ml glass vial and 

the test tube rinsed with small portions of hex-

ane into the vial to obtain 1ml final extract. The 

final extracts were then injected into a gas chro-

matographic system for identification and 
quantification of the OC pesticides. For recov-

ery studies, 10 g of fish sample was spiked with 

calculated concentrations of standards in the 

range 1.0-10.0 μg/kg fresh weight and analysed 

in the same way as the fish samples. Deionized 

water (1 L) was spiked with calculated concen-

trations of standards in the range 0.05-0.1 μg/L 
and analysed in the same way as the water sam-

ples. All solvents and reagents used were of 

pesticide grade and were purchased from Sigma 

Aldrich Chemicals (USA). Pesticide standards 

were obtained from Dr. Ehrenstorfer (Ausburg, 

Germany). Individual OC pesticide stock solu-

tions were prepared in isooctane. Standard mix-

tures were prepared from stock solutions (50-
100 mg in 100 ml acetone) and then diluted to 

working calibration standards at three concen-
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tration levels with acetone/cyclohexane (9:1 v/

v). All solutions were stored at 4oC. 

Analysis of OC pesticide residues was carried 

out using gas chromatograph (Hewlett-Packard 

series II model 6890) equipped with an electron 

capture detector. A capillary column (Agilent 

19091S-436 HP-5MS, length 60 m, ID 0.53 

mm, film thickness 0.2 μm) was used. Analyti-

cal conditions were: oven 60oC (2min) to 

180oC at 35oC/min, to 270oC at 2oC/min, and 

then to 310oC at 5oC/min. Injector temperature 

was 180oC; detector 310oC, and make-up gas 

flow 45.0 ml N2/min. Column pressure was 

26.06 psi with column flow rate of 1.5 ml/min. 

Injected volume of extract was 2.0 μl. Analyte 

peaks were identified by their retention times 

compared to the corresponding retention times 

of the pesticide standards. No independent 

method of confirmation was applied. Triplicate 

analyses were performed for all the samples. 

 

Risk assessment 

S. aurita consumption per body weight of an 

individual was determined by dividing the daily 

consumption of S. aurita by the average body 

weight, which was set at 60 kg for an adult as 

described by Jiang et al. (2005). 

For each contaminant, the average daily expo-

sure level for the population was then calcu-

lated as follows: 

Average Daily Exposure (µg/kg body wt) 

= Fish consumption (g/kg body wt) x Contami-

nant concentration (µg/g) 
 

Hazard ratios were calculated for each OC pes-

ticide by comparing exposure values with 

benchmark concentrations or oral reference 

doses as describedby Jiang et al., (2005) as 

follows: 

concentrations at which lifetime cancer risk is 

one in one million (1/1,000,000) of the popula-

tion (Dougherty et al., 2000).  Benchmark con-

centrations for non-carcinogenic effects such as 

reproductive abnormalities are the USEPA Ref-

erence Doses (RfDs) (USEPA, 1990). Using 

available benchmark concentrations for both 

carcinogenic effects and RfDs for p,p’-DDT, γ-

HCH, and heptachlor, carcinogenic and non-

carcinogenic HRs were evaluated separately for 

these residues across the study sites. For endo-

sulfan, however, only RfD concentration was 

available and therefore only the non-cancer 

HRs for this OC residue were calculated. De-

tails of the benchmark concentrations for car-

cinogenic effects and the oral RfDs as de-

scribed by Dougherty et al. (2000) are shown in 

Table 1. 

The data were expressed as μg/kg wet for OC 

residues concentrations and μg/kg body weight 

for average daily exposures. HRs were ex-

pressed as simple fractions. Significance levels 

were tested using one-way analysis of variance 

(ANOVA) and fixed at 0.05 (significant).  
 

RESULTS AND DISCUSSION 

Average lipid content ranged from 0.23g ± 0.04 

to 0.25g ± 0.01 and mean recoveries of the tar-

get pesticides ranged from 91.3-103.1 %. OC 

pesticide residue concentrations in S. aurita are 

shown in Table 2. A total of eleven pesticide 

residues (α-HCH, β-HCH, δ-HCH, γ-HCH, 

p,p’-DDT, p,p’-DDE, p,p’-DDD, α-endosulfan, 

β-endosulfan, endosulfan sulfate and hepta-

chlor) were detected in S. aurita samples. Resi-

dues of HCHs (α-HCH, β-HCH, δ-HCH, γ-

HCH) were the most ubiquitous OC pesticide 

residues detected in all S. aurita. These resi-

dues were detected in high concentrations com-

pared to p,p’-DDT, p,p’-DDD, p,p’-DDE, α-

endosulfan, β-endosulfan, endosulfan sulfate 

and heptachlor. The detection of these OCs in 

S. aurita is not surprising because OC pesti-

cides have been identified to be among the ma-

jor pollutants introduced into the marine envi-

ronment in Ghana and are discharged into the 

coastal environment from both industrial and 

agricultural activities (Biney et al., 1987). 

The benchmark concentrations for carcinogenic 

effects were derived using the United States 

Environmental Protection Agency (USEPA) 

cancer slope factors and represent exposure 

Hazard ratio (HR)   = 
Average daily exposure 

Benchmark concentration 
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Pesticide Cancer benchmark  (μg/kg x day) Oral RfD (μg/kg x day) 

DDTa 

HCHb 

Endosulfanc 

Heptachlor 

0.003 

0.00077 

- 

0.00022 

0.5 

0.3 

6 

0.5 

a = listed as p,p’-DDT 
b = listed as γ-HCH 

c = listed as total-endosulfan (α-endosulfan + β-endosulfan + endosulfan sulfate) 

Source: Dougherty et al., (2000) 

Table 1: Benchmark concentrations and RfDs of pesticides  

Fig. 1: Map showing the study area 

  α-HCH 
β-

HCH 

δ-

HCH 

γ-

HCH 

p,p’-

DDT 

p,p’-

DDE 

p,p’-

DDD 

α-

Endosul-

fan 

β-

Endo-

sulfan 

Endosul-

fan 

sulphate 

Hepta-

chlor 

Chorkor 1235.00 231.69 21.65 220.29 11.00 131.34 ND 41.67 50.37 9.67 101.0 

Labadi 420.00 219.63 19.38 239.67 ND 79.68 ND 31.31 20.38 11.31 51.33 

Tema  62.68 30.32 58.00 28.59 10.34 3.0 10.67 7.33 16.00 10.00 ND 

Kpone 30.38 189.70 19.67 40.60 10.68 21.0 11.33 ND 19.68 10.63 ND 

Table 2: Concentrations (μg/kg wet wt.) of organochlorine pesticides in Sardinella aurita 

 from the Accra-Tema coastal area 

ND = not detected 

NB: Levels of organochlorine pesticides in seawater from the sampling sites were below detection limit. 

Journal of Ghana Science Association, Vol. 13 No. 1 . June, 2011 42 



Organochlorine pesticide residues ... Nyarko et al. 

However, the levels of these residues were be-

low detection limit in seawater samples ana-

lyzed. This indicates that fishes have the ability 

to bioconcentrate OC pesticides at concentra-

tions that are several orders higher than those 

found in seawater (Baird, 1999). Studies have 

shown that concentrations of contaminants in 

some marine organisms are a reflection of con-

taminants concentrations in the environment 

(Chevreuil et al., 1996; FAO/IOC/IAEA, 

1993). Although the concentrations of lindane 

at Chorkor and Labadi were higher than the 

other two sites,  significantly higher concentra-

tions (p < 0.05) of α-HCH (1235 μg/kg fresh 

wt.), β-HCH (231.69 μg/kg fresh wt.), p,p’-

DDE (131.34 μg/kg fresh wt.), α-endosulfan 

(41.67 μg/kg fresh wt.), β-endosulfan (50.37 

μg/kg fresh wt.) were detected at Chorkor com-

pared to the other three study sites. This sug-

gests that Chorkor is the most contaminated 

with OCs compared to the rest of the study 

sites. At this site, refuse is indiscriminately 

dumped on the beach leading to a high inci-

dence of domestic waste most especially, plas-

tic litter, along the shore which could easily be 

taken to sea by the waves and tides. Pollution 

of Ghanaian fish-landing beaches, such as 

Chorkor, with marine litter is well known 

(Annang, 1998; Nunoo and Quayson, 2003). 

There is therefore the possibility of fish caught 

from such fish-landing beaches being contami-

nated by plastic waste, among others, which 

could have originally served as pesticide con-

tainers and may be a source of OC pesticides to 

the coastal environment. In addition, the site is 

close to the Korle lagoon which receives un-

treated industrial and domestic waste (Acquah, 

1998). The possibility of these contaminants 

being transported eastward by the Guinea Cur-

rent from Chorkor to Kpone may explain the 

observed gradient patterns of OC residues 

across the study sites (Nyarko and Evans 1998; 

Armah and Nyarko, 1999). 

In Ghana, the per capita fish consumption is 

25kg per annum of which S. aurita contributes 

about 30% (MOFA, 2004). Thus, the per capita 

consumption of S. aurita alone is estimated to 

be 7,500g per annum with a daily per capita 

consumption of S. aurita estimated to be 20.6g. 

The potential health implications of the con-

sumption of contaminated S. aurita can there-

fore have serious consequences. The consump-

tion rate of S. aurita for an individual was esti-

mated to be 0.34 g/kg body weight. Figure 2 

shows the hazard ratios (HRs) associated with 

p,p’-DDT, γ-HCH, heptachlor and endosulfan 

(α-endosulfan + β-endosulfan + endosulfan 

sulfate) exposure from consumption of S. au-

rita. It can be observed that carcinogenic HRs 

for p,p’-DDT were greater than 1 at Chorkor, 

Tema and Kpone only (Fig. 2a), but that of γ-

HCH were greater than 1 for all the sites (Fig. 

2b) and carcinogenic HRs for heptachlor were 

greater than 1 at Chorkor and Labadi.  Non-

carcinogenic HRs for p,p’-DDT,  γ-HCH, hep-

tachlor and endosulfan were all less than 1 at 

all the sites (Fig. 2a-c). For HRs greater than 1, 

the exposures exceed benchmark concentra-

tions which represent exposure concentrations 

at which lifetime cancer or non-cancer risk is 

one in one million (1/1,000,000). Although the 

results indicate that at least 1/1,000,000 of the 

consuming population may suffer from cancer 

as a result of eating S. aurita contaminated with 

p,p’-DDT, γ-HCH and heptachlor residues, 

there is also a very low possibility (< 

1/1,000,000) of non-carcinogenic health effects 

among the population. It is important to state, 

however, that after ingestion of contaminated 

fish, bioavailability of the pesticide may be 

controlled by a combination of chemical prop-

erties of the pesticide and, the morphological, 

biochemical and physiological attributes of the 

organism itself. The large number of human 

variables such as age, sex, socio-economic 

status, diet and state of health, all of which may 

also affect human exposure to pesticides pre-

sent some inherent difficulties in fully evaluat-

ing the risks to human health due to pesticides. 

 

CONCLUSION AND RECOMMENDATION 

The study has shown that S. aurita from the 

Accra-Tema coastal waters of Ghana contain 

OC pesticide residues at concentrations that 

may present some potential risks of carcino-
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Fig. 2: Hazard ratios (HR) for (a)  p,p’-DDT , (b) γ- HCH, (c) Heptachlor  and (d) endosulfan 

across the various sites.  If HR is greater than 1, then the average exposure exceeds the 

benchmark concentration. Graphs are defined as follows: ■=Cancer HR; □= Non-cancer HR. 

genic health effects to consumers. In particular, 

OCs of major concern are DDTs, HCHs and 

heptachlor. The need for continuous monitoring 

and also to regulate the release of OC contami-

nants into the marine environment is essential 

to reduce the risk of human exposure via food 

intake. The fact that humans may encounter a 

broad range of chemical exposures in the envi-

ronment at any one time makes it difficult to 

establish cause-effect relationships for human 

exposure of OC pesticides and disease. Much 

work needs to be done on the study of the hu-

Journal of Ghana Science Association, Vol. 13 No. 1 . June, 2011 44 



Organochlorine pesticide residues ... Nyarko et al. 

man health impacts of exposure to OC pesti-

cides, particularly in view of the broad range of 

contaminants one could be exposed to. The use 

of a cancer risk of one in one million in calcu-

lating the benchmark concentration may lead to 

an over-conservative risk assessment. This 

study serves as an initial screening of potential 

health risks and thus represents an important 

step toward a more comprehensive understand-

ing and evaluation of human health risks asso-

ciated with OC exposures from eating contami-

nated fish in the Ghanaian population. 
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