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Abstract: The accumulation of polychlorinated biphenyls (PCBs), DDTs, chlordanes, BHCs, dieldrin, heptachlor ep-

oxide and other organochlorinated pesticides (OCPs) was measured in the tissues of different edible fishes collected along 

the Virginia Coast by employing the methods: MSPD (Matrix Solid Phase Dispersion) and GC-ECD (Gas Chromatogra-

phy with Electron Capture Detector). BHC4s were the most predominant contaminants, followed by PCBs, chlordanes, 

dieldrin and the other OCPs. This study revealed that over the last decade, the concentrations of OCPs have declined in 

these regions. Even with this decline, the measured concentrations of PCBs and OCPs in edible fish are still worth report-

ing. It was observed, that concentrations of organochlorines were significantly in same range (low-high) with one another 

and were in the range of a few to several ngg
1
 on a wet weight basis. 

In the tissue samples, OCPs ranged from 4.30-196 ngg
1
 w.w with BHC (266.101 ngg

1
 w.w) and Heptachlor epoxide 

(196 ngg
1
 w.w) collectively in all fish. Similarly PCBs had an overall range 7.17-276.16 ngg

1
 w.w where Aroclor 1221 

and Aroclor 1242 were the dominant components. 

The redox conditions and the decay processes which affect the organic matter, control the concentrations of PCBs and 

OCPs in edible fish. These preliminary results suggest that the variations in PCBs and OCPs content in edible fish result 

largely from digenetic processes rather than changes in pesticide input resulting from local human activities.  

Key Words: Endocrine disrupting chemicals (EDCs), organochlorine pesticides residues, Polychlorinated biphenyls (PCB), 
fish, James River, Chesapeake Bay, Virginia Beach. 

1. INTRODUCTION  

 OCPs and PCBs are ubiquitous environmental contami-
nants even though most countries have banned their produc-
tion and use. However, considerable amounts continue to 
cycle in the ecosphere [1]. Since the ban in the 1970s, con-
centrations of OCPs have declined in various ecosystems, 
but the rate of this decline is relatively slow [2].  

 Measuring chlorinated pesticides in biological samples is 
important because many of these compounds are lipophilic 
and environmentally persistent pollutants that tend to accu-
mulate in fish due to their lipophilicity [3]. OCPs can gener-
ate harmful effects on human as well as on aquatic life [4]. 
Additionally, OCPs and PCBs are among those compounds 
categorized as Endocrine Disrupting Chemicals (EDCs) [5]. 

 The overall objective of this study was to investigate the 
current status for the occurrence, distribution and fate of all 
Organochlorine compounds, OCPs and PCBs, in the differ-
ent fishes sampled from the shores of eastern Virginia, 
through the use of the matrix solid-phase extraction (MSPD) 
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technique. MSPD technique was employed so as to conserve 
the marine fauna; only 0.5 gm tissue was used for each sam-
ple. A 100% recovery was obtained for each compound. 

2. MATERIALS AND METHODS 

2.1. Sample Collection 

 All fish were supplied by fishermen after being collected 
along the Chesapeake Bay near Virginia Beach. The most 
populous area within Virginia is located in the southeast part 
of the state on the Atlantic coastline. Virginia is bounded  
by Maryland (northeast), North Carolina and Tennessee 
(south), Kentucky (west) and West Virginia (northwest). To 
the east is the Atlantic Ocean. Lying in the Blue Ridge area 
in the west, Mount Rogers is the highest point of Virginia 
with a height of 5,729 ft (1,746 mtrs) and the mouth of 
James River (a navigable river, 1,143 km long). These fishes 
were collected during the winter season (November-March). 
All samples were collected during different fishing visits. 
Biometrical data of fish were recorded immediately after the 
fish were received. After dissection, samples of tissues and 
organs were removed, wrapped in aluminum foil and stored 
in a deep freezer ( 20 °C) until analysis. Samples of muscle, 
liver and gonads were taken out and analyzed individually.  
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2.2. Sample Analyses 

Samples storage, preparation for extraction, concentration 
and chromatographic separation were conducted in the Pesti-
cides Residues Laboratory and Laboratories of Civil and 
Environmental Eng Department (CEE) and Food Science 
and Technology (FST). 

2.2.1. Extraction of Samples by MSPD 

 Fish samples were thawed and cut into small pieces with 
a stainless steel knife. Finely chopped fish tissue (0.5 g) was 
weighed in a small plastic weigh boat. The weighed tissue 
was transferred to a glass mortar and pestle along with 2g 
Bondesil

®
 C-18 sorbent (Varian Inc. CA). Using the pestle, 

the tissue and C-18 sorbent were thoroughly ground in the 
mortar to a homogenous consistency with the appearance of 
small grains [6]. A 20 ml bond Elute

®
 Florisil solid phase 

extraction cartridge (Varian Inc. CA) was affixed to a vac-
uum manifold (Supelco, PA) and the sample/C-18 mixture 
was transferred to the cartridge using a metal spatula. A 
polyethylene frit (Varian Inc. CA) was firmly tamped in to 
the place above the sample /C-18 mixture using a disposable 
syringe plunger. The sample was eluted from the cartridge 
under vacuum with successive washes (3 x 5 ml) of di-
chloromethane. The elute was collected in a glass, 25ml test 
tube, evaporated to about 1 ml using a nitrogen evaporator 
[6], and quantitatively transferred to a centrifuge tube using 
about 10 ml Hexane. Thus evaporated a second time diluted 
to final volume, and transferred to an auto sampler vial to 
gas chromatographic analysis. 

2.2.2. Gas Chromatographic Separation 

 All sample extracts were analyzed by Agilent model 
6890 gas chromatograph equipped with a micro electron 
capture ( ECD). Each sample was injected in split less mode 
with the EPC injector temperature at 200°C and the ECD 
temperature at 350°C. Two capillary columns were used for 
sample separation, RTX-5 capillary column (30 meters x 
0.25 mm ID x 0.25 M) and RTX35 (30 meters x 0.25 mm 
ID x 0.25 M). The oven temperature program for both cap-

illary columns was 60°C for 0 min, 20°C/min to 160°C, hold 
for 1.00 min. the detector make up gas was nitrogen and the 
combined carrier and makeup flow rate was 60 mL/min, 
Hewlett Packard Chemstation software (G 2070AA 
Rev.A.10.02) was used for data acquisition and analysis. 

2.2.3. Pesticide Standards 

 An organochlorine standard containing 20 components 
and polychlorinated biphenyl standards such as Arochlors 
(1016, 1221, 1242, 1248, 1254, and 1260) were purchased 
from Restek (Bellefonte, PA). Further dilutions were made 
using pesticides grade solvent for calibration. Identified 
compounds were quantified using the external standard tech-
nique. 

2.3. Performance and Quality Control 

 Properly washed and dried glassware were used by 
avoiding any rubber or plastic items during the whole study 
and periodically “Blanks” were analyzed to ascertain con-
tamination free analysis. Internal spiking and reagent blanks 
were used to determine recovery values. Recovery was cal-
culated by spiked amount of surrogate standard calculated on 
spreadsheet by the difference of samples results minus blank 
value. That was found in the range 95–120% and 90–114% 
for OC and PCBs pesticides, respectively. Precision was 
estimated 1-10 from the multiple analyses of spiked samples 
for the different compounds. Limit of detection (LOD) for 
PCB single congener and organochlorine compounds was 
0.01 ngg

1
 and 1.00 ngg

1
 respectively. 

2.4. Statistical Analysis 

 All calculations were carried out by using MS Excel for 
Windows on the basis of linear equation. 

3. RESULTS AND DISCUSSION 

 Biometric data for the various fish analyzed in this study 
is shown in Table 1. Results of spiking fish tissue with pesti-
cides to determine the recovery, lower detection limit (LOD) 

Table 1. Biometry of Fish Analyzed 

Fish Sex Weight (gm) Total Length (cm) 

Rock (Morone saxatilis) M 5000 35 

Stripped Bass (Centropristis striate)  F 62.82 19.46 

Stripped Bass (Centropristis striate)) M 104.76 22.24 

Summer Flounder (Paralichthys dentatus)  M 1455 50 

Blue fish (Pomatomus saltatrix) F 120 11 

Blue fish (Pomatomus saltatrix) M 137 12 

Croaker (Micropogon undulatus) M 580.65 36 

Croaker (Micropogon undulatus F 423.37 31 

Spotted Seatrout (Cynoscion nebulosus) M 338.04 39 

Spotted Sea trout (Cynoscion nebulosus) F 410.65 40 

White Perch (Morone americana) M 127.64 27.80 

White Perch (Morone americana) F 141.64 25.02 
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and (LOR) lower reportable limit of the method are pre-
sented in Table 2.  

Overall recoveries ranged from 93-210% in the spiked sur-
rogate standard with the concentration of 4 ngg

1
. The LOD 

for chlorinated pesticides ranged from 0.1 to 1.00 ngg
1
. 

MSPD sample were found to be a reliable method for the 
confirmation and quantification of chlorinated pesticides [7]. 

 Results for the OCPs and PCBs are shown in Tables 3 
and 4, respectively. BHC and heptachlor epoxies were 
among the most dominant OCPs in this study. Other chlorin-
ated pesticides like DDTs, Dieldrin, Endrin and chlordane, 

were present at low concentrations in all samples as com-
pared to the results for mean concentrations of OC pesticides 
determined in the fish from different parts of world are 
shown in (Table 5). The highest concentration of BHCs 
was present in Perch with a mean concentration of 56 ngg

1
 

w.w, but the level was only slightly lower that of Bluefish 
(54 ngg

1
 w.w.). The level in Trout was much lower (19 ngg

1
 

w.w.). Alpha BHC was found in Bluefish and Rockfish, 
whereas beta BHC was found only in Bluefish, Flounder, 
and Perch. Delta BHC was found in all but Perch. Gamma 
BHC was only determined in Bluefish and Perch (Table 3). 

Table 2. List of the 20 Organochlorine Pesticides (OCPs) and 7 Polychlorinated Biphenyl (PCBs) with their Statistics 

Organochlorine Reproducibility Recoveries R.S.D (%) LOD ngg
1
 LOR ngg

1
 

Aldrin 03 93% 4.6 0.10 1.00 

Alpha BHC 05 115% 5.1 0.099 0.99 

Alpha chlordane 03 119% 5.0 0.015 1.05 

Beta BHC 03 115% 4.1 0.098 0.98 

Delta BHC 04 169% 5.2 0.099 0.99 

Dieldrin 03 145% 4.5 0.100 1.00 

Endosulfan I 05 138% 5.2 0.099 0.99 

Endosulfan II 03 140% 6.0 0.089 0.89 

Endosulfan sulfate 03 210% 4.3 0.105 1.05 

Endrin 04 113% 5.4 0.105 1.05 

Endrin aldehyde 03 181% 4.7 0.089 0.89 

Endrin ketone 05 192% 5.2 0.100 1.00 

Gamma BHC 03 149% 6.0 0.089 0.89 

Gamma-chlordane 05 117% 4.3 0.099 0.99 

Heptachlor  03 118% 4.7 0.100 1.00 

Heptachlor epoxide 03 114% 5.2 0.100 1.00 

Methoxychlor 04 NR* 6.0 0.098 0.98 

p,p DDD 03 149% 4.3 0.099 0.99 

p,p DDE 05 121% 5.4 0.100 1.00 

p,p DDT 03 NR 4.7 0.099 0.99 

Polychlorobiphenyl 03     

Aroclor1016 03 122% 4.7 0.01 0.10 

Aroclor1221 05 145% 5.2 0.009 0.09 

Aroclor1232 03 98% 6.0 0.01 0.10 

Aroclor1242 03 172% 4.3 0.008 0.08 

Aroclor1248 04 108% 5.4 0.011 0.11 

Aroclor1254 03 134% 4.7 0.01 0.10 

Aroclor1260 03 209% 5.2 0.01 0.10 

* = not calculated. 
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Table 3. Results for Organochlorine Measured in Virginia Fish (ngg
1
 wet weight) 

Organochlorine 

Bluefish  

(Pomatomus  

saltatrix) 

Spotted Sea 

Trout  

(Cynoscion  

nebulosus) 

Rock  

(Morone  

saxatilis) 

Summer  

Flounder 

(Paralichthys 

dentate) 

Croaker  

(Micropogon 

undulates) 

White Perch 

(Morone  

americana) 

Striped Bass 

(Centropristis 

striate) 

Aldrin <LOD* 11.11 8.4 8.10 8.91 6.00 8.430 

alpha-BHC 6.24 <LOD 13.32 <LOD <LOD <LOD <LOD 

beta-BHC 8.98 <LOD <LOD 12.30 0.000 12.10 <LOD 

delta-BHC 17.30 19.15 24.08 20.31 21.53 <LOD 24.20 

gamma-BHC 21.43 ND <LOD <LOD <LOD 43.70 <LOD 

alpha-chlordane <LOD 10.98 16.00 19.36 6.71 0.000 6.20 

gamma-chlordane 7.46 13.95 <LOD 2.54 <LOD 5.12 <LOD 

p,p-DDD NA 0.000 0.000 ND <LOD <LOD <LOD 

p,p-DDE 5.25 17.75 5.33 3.30 3.70 3.72 6.87 

p,p DDT 22.17 <LOD 49.00 <LOD <LOD <LOD <LOD 

dieldrin <LOD 8.47 9.900 5.00 4.70 4.82 4.21 

endosulfan I 6.46 6.62 5.50 6.12 3.86 3.15 3.62 

endosulfan II <LOD 1.80 7.64 2.00 2.00 7.47 <LOD 

endosulfan sulfate 4.28 ND <LOD <LOD <LOD <LOD <LOD 

endrin 1.87 7.83 2.30 <LOD <LOD <LOD 5.27 

endrin aldehyde 5.81 <LOD 5.30 <LOD <LOD <LOD <LOD 

endrin ketone 4.74 <LOD <LOD <LOD <LOD <LOD <LOD 

Heptachlor 3.92 5.83 3.83 10.74 1.67 4.11 4.80 

heptachlor epoxide 8.20 27.63 45.64 12.80 15.30 28.00 42.52 

methoxychlor 12.23 23.37 26.00 <LOD <LOD <LOD 61.60 

* Lower detection limit. 

 

Table 4. Results for Concentrations (w.w ngg
1
) of Polychlorinated Biphenyl (PCBs) Determined in Fish Tissue from Virginia Coast 

PCBs 

Bluefish  

(Pomatomus 

saltatrix) 

Spotted 

Seatrout  

(Cynoscion  

nebulosus) 

Rock  

(Morone  

saxatilis) 

Summer 

Flounder 

(Paralichthys 

dentatus) 

Croaker  

(Micropogon 

undulatus) 

White Perch 

(Morone  

americana) 

Striped Bass 

(Centropristis 

striate) 

Bluefish  

(Pomatomus 

saltatrix) 

ACR –1016 <LOD* 1.34 1.32 2.14 0.002 N.D 1.02 1.20 

ACR –1221 <LOD 0.00 4.13 0.00 0.00 3.05 0.00 0.00 

ACR –1232 236.90 <LOD <LOD 5.96 0.01 N D 27.94 5.40 

ACR –1242 0.147 0.00 0.00 7.12 0.01 0.00 6.55 7.40 

ACR- 1248 40.00 11.30 11.30 127.67 0.00 4.30 45.17 0.00 

ACR –1254 0.00 5.32 5.32 0.00 0.01 4.13 <LOD 6.27 

ACR –1260 8.45 5.37 5.37 8.68 0.01 <LOD <LOD 0.00 

* Lower detection limit. 
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Table 5. Mean Concentrations Mean of PCBs and DDTs in Fish from Different Parts of World 

Area Species PCBs (ng g
1
) DDTs (ng g

1
) References 

Rio Grande Basin (RGD) Sea trout 46-63 10-23 [4] 

Thames River UK Anguilla anguilla 0.77-3.32 0.08-4.94 [7]  

Hudson river estuary, NY, USA Mumichogs 652-5796 -- [8] 

NW Mediterranean Sea Mora moro 60-104 32-55 [9]  

Douro estuary (NW Portugal) Flounder and mullet  52-345 8-69  [18] 

Lake Ganzirri and Straits of Messina (Sicily, Italy) Mullet Liza aurata 317-800 44-141 [19]  

Australia, Sydney harbor Sea mullet 4330-16,443 630-5039 [20]  

Antarctic Ocean Chaenocephalus aceratus 0.4-2.35 15-20  [21] 

Indian Ocean Mullet 2.23-4.27 72-125 [22] 

Sea bass 19-27 11-17 
Ebro Delta, NW Mediterranean Sea 

Red mullet 38-88 19-73 

[23]  

 

 A significant correlation was noted among the concentra-
tions of the various OCPs in all fish. Correlation factors (r2) 
are provided in Table 6. 

 Heptachlor was found in all fish with a mean value of 
4.61 ngg

1
 with the maximum concentration of 10.74 ngg

1
 

w.w seen in Flounder (Table 3). The relative order of 
OCPs was Heptachlor epoxide > BHC > endosulfan > 
 chloradan.  

 As DDT is metabolized to DDE, the ratio of DDE to total 
DDT can be used as an indicator for the source of the DDT. 
The total value of 120.30 ngg

1
 has been reported as a criti-

cal limit in previous studies (Tsydenova et al., 2004). A ratio 
of 0.9 ( DDT: individual compound of same group) is 
indicative of a lack of recent inputs of DDT. In samples of 
Rock fish, Blue fish and other fish this ratio equals to 0.99, 
0.24 and zero respectively. Therefore, Virginia is not receiv-
ing significant new inputs of DDT. This situation is more 
evident if the DDE / DDT ratio is considered. Chlordanes 
group was also detected in all the fish. The highest 

chloradan concentrations were found in Trout (25 ngg
1
 

w.w.) followed by PCBs congeners, was determined in fish 
tissue from Virginia Coast Table 4.  

 Summed concentrations of 7chlorobiphenyl congeners 
( PCBs) ranged from 7.17 ngg

1
 w.w. to 276.20 ngg

1
  w.w 

with the lowest concentrations occurring in the Croaker and 
Trout as well as Perch were at quite the same level, and the 
highest value in Bluefish followed by Flounder. The levels 
of PCBs congeners 1232 and 1248 in the Bluefish were 
markedly higher than those found in the other fish due to 
different point of collection, as well as the significantly 
higher lipid content.  

 The relative distribution of the mean concentrations of 
PCB congeners are reported in the analyzed fish. Aroclor 
1232, Aroclor 1260 and Aroclor 1254 predominate, up to 
42.93%, 4.33% and 3.29% of PCBs respectively followed 
by Aroclor 1242 and Aroclor 1016 (3.27% and 1.12% as 
lowest ratio of PCB). Concentrations of PCBs was found 
to be in the same range in Trout, Perch, (Striped Bass, Black 

Table 6. Correlation (r2 Value) Matrix of Organochlorine Concentrations in All Fish 

  Aroclor BHC  Chlordane Dieldrin  Endrin  Heptachlor DDT Aldrin 

 Aroclor 1 0.99 0.98 0.96 0.95 0.89 0.75 0.74 

BHC  1 0.99 0.98 0.92 0.87 0.73 0.71 

 Chlordan   1 0.95 0.92 0.96 0.86 0.82 

Dieldrin    1 0.88 0.88 0.76 0.74 

 Endrin     1 0.95 0.86 0.78 

 Heptachlor      1 0.84 0.75 

DDT       1 0.67 

Aldrin        1 
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Striped fish) and Rock. It was minimum in croaker and 
maximum in bluefish. Aroclor 1016 was found in lowest 
amount (7.2 ngg

1
), and not found in Bluefish. It was not 

within the detection limit in Trout, Flounder, Croaker, Ti-
lapia and Striped Bass fish. For Aroclor 1221, the levels var-
ied between 5.96-24 ngg

1
 in Flounder and Bluefish. Mini-

mum concentration of PCB was found in Croaker and 
maximum in Bluefish as 312.54 ngg

1
.  

 PCB congener patterns were same in Perch, (Black 
striped fish and Striped Bass). Other studies have also dem-
onstrated that unlike congener profiles, total PCB content 
does differ dramatically amongst fish and that PCB differ-
ences among fish can vary with site [8]. A clear trend of the 
greater metabolic activity for the lower chlorinated conge-
ners [9] was difficult to recognize in fish samples because of 
the very low concentrations of PCBs. Lipid content was not 
measured during processing of MSPD however bioaccumu-
lation in fish depends upon their fat content [10]. In fact, for 

PCBs and OCPs the mean level on w.w. basis of con-
tamination in the examined tissues always have a linear rela-
tionship with their mean lipid content [11]. Generally, lipid 
content of fish tissue in net mass is about 15%, mainly being 
composed of phospholipids, triacylglycerolipids, and choles-
terol and sterol esters [12]. 

 Indeed, these congeners (Aroclor 1016 -1260) are present 
in higher proportions in industrial PCB formulations [13] 
and seem to be responsible of the persistence and bioaccu-
mulative properties. It means the Aroclor 1221, 1248, and 
1260 congeners were found in higher concentration in Blue-
fish and Perch species but these are not more than 1.12% of 
total PCBs. Moreover, there was little difference in the pat-
tern of relative percentages of each congener to the total 
PCBs found in different fish. PCBs with higher chlorine con-
tent are usually more difficult to metabolize and so their per-
sistence and bioaccumulation are greater [14]. PCBs and 

OCPs varied in male and female fish but the difference 
between male and female are not determined (Fig. 1).  

 OCPs in trout was found markedly higher (155 ngg
1
). 

A significantly similar pattern of OCPs was found in Blue-
fish, Perch, Rock, (Black Striped fish and Striped Bass). This 
variability can be the result of different feeding habits  
and/or dissimilar ability of the different species to accumu-
late pollutants. 

 Much progress in the development of analytical metho- 
dologies for accurate determination of chlorinated pesticides 
in the environment and in biological tissues has been made 
during last decade. Most scientists are using solid phase ex-
traction technique in place of the soxhlet extraction method, 
along with application advance software analysis, especially 
in USA. Results of present study, however, showed that 
OCPs are still among the most prevalent environmental pol-
lutants, and they can be found in various environmental 
compartments at any time. Their widespread presence is due 
to their extremely persistent and lipophilic nature. These 
properties cause these persistent organic pollutants (POPs) to 
bioaccumulate in the adipose tissues of fish resulting in the 
enrichment throughout the food chain [15] because the pro-
longed exposure to these pollutants can interfere with normal 
physiology and biochemistry [16]. The composition of lipids 
can also influence the bioaccumulation of organochlorine 
compounds [17]. It is postulated that an organism’s burden 
of contaminants depends upon a number of factors, such as 
feeding habit, metabolic ability, and reproductive cycles. 

4. CONCLUSION 

 The levels of PCBs and OCPs detected in the tissues 
of different fish from the lower James River and Chesapeake 
Bay along the Virginia coast, was found that organochlorine 
contaminants concentrations in fish decreased in the order of 
Rock>Trout>Bluefish>Perch>Black Striped Bass >Floun-
der>Croaker. And with respect of PCBs, the profile was 
Bluefish > Flounder > Rock > Striped Bass > Perch > Trout 
> Croaker.  

 The relatively smaller concentrations reflect the distance 
from anthropogenic source of contamination, atmospheric 
sources of pollution, and large dilution factor.  
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Fig. (1). OCPs and PCBs in male and female fishes. 
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