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ABSTRACT 

PURPOSE: The objective of this study was to estimate the dietary intake (EDI) of organochlorine 

pesticides (DDT and its metabolite) through consumption of fish in Bulgaria. The potential health risk 

was assessed based on the dietary intake of DDTs through fish consumption. 

METHODS: DDT and its two main metabolites DDE and DDD were determined in muscle tissue of six 

fish species widely consumed by the population of Bulgaria: goby (Neogobius melanostomus), sprat 

(Sprattus sprattus), grey mullet (Mugil cephalus), horse mackerel (Trachurus Mediterraneus ponticus), 

shad (Alosa pontica pontica) and bluefish (Pomatomus saltatrix). Samples were collected from Black 

Sea coast of Bulgaria during 2007 – 2011. The DDT and its metabolites were determined by capillary 

gas chromatography system with mass spectrometry detection.  

RESULTS: The levels of the Total DDTs (sum of DDT, DDE and DDD) ranged from 18.5±8.3 to 

200.2±41.9 ng/g wet weight (in goby and shad, respectively). The mean EDI of DDTs in fish from 

Black Sea was calculated between 3.5±1.6 and 37.8±7.9 ng/kg body weight/ day through consumption 

of goby and shad, respectively. The health risk was assessed using a risk quotient (RQ) of the fish 

consumption as the ratio of daily fish exposure level (EDI) in relation to oral reference dose. 

CONCLUSIONS: The estimated dietary intake of DDTs through marine fish for the Bulgarian 

consumer does not pose a health risk. 
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INTRODUCTION 

Organochlorine compound 1,1,1-trichloro - 2,2 

- bis (4-chlorophenyl) ethane (DDT) and its 

metabolites were listed as persistent organic 

pollutants (POPs) in the Stockholm 

Convention (1). These chemicals are 

lipophilic, persistent, and rapidly accumulated 

in living organism and through the food chain 

(2). DDT was the first widely used synthetic 

pesticide (3). Intensive agricultural use of 

organochlorine pesticides in the past, have led 

to widespread contamination of the 

environment. These persistent compounds are 

transported by air all over the world, because 

they are driven by temperature and their 

volatility (4). In the environment DDT 

metabolizes slowly and the key metabolite 

DDE (1-1 dichloro-2,2-bis (p-chlorophenyl) 

ethylene) is also persistent compound (5). 

DDT is still used for vector control against 

malaria (6). These very persistent compounds 
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have the potential to affect the physiological 

functions of wildlife (7). Marine organisms 

such as fish and marine filter feeders, can also 

act as bioconcentrators, creating levels of DDT 

in their tissues above ambient environmental 

concentrations (3). The use of DDT was 

banned in most developed countries after 1970 

as a result of these environmental concerns. 

Even today DDT remains so widespread in the 

environment that it is likely that exposure to it 

is unavoidable (3). 
 

Many authors have revealed that high fish and 

seafood consumption increases the risk of 

DDTs contamination of the human body (1, 8, 

9). Humans are exposed inadvertently to POPs 

through numerous sources, of which the 

consumption of contaminated fish is one of the 

most important pathways (10). Dietary intake 

is an important route of human exposure to 

organochlorine compounds (11, 12). Several 

studies have investigated the dietary exposure 

and assessed the risk of POPs for the general 

population through the consumption of food in 

various countries (11, 13, 14, 15). Therefore, 

risk assessment of the POPs in seafood is 
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important and necessary to manage risks from 

seafood intake (16, 17). Current non-cancer 

risk assessment methods are usually based on 

the use of the Risk quotient (RQ). RQ is a ratio 

between the estimated dose of a contaminant 

and the reference dose below which there will 

not be any appreciable risk (18). If RQ exceeds 

unity, there may be concern for potential health 

effects.  
 

The objectives of this study were to estimate 

the dietary intake (EDI) of DDT and its 

metabolite through consumption of fish in 

Bulgaria and to assess the human health risk. 
 

MATERIALS AND METHODS 

1. Sampling 

Samples were caught by local professional 

fishermen by net from 2007 to 2011. The fish 

species were selected according to their 

importance to human consumption in Bulgaria: 

goby (Neogobius melanostomus), sprat 

(Sprattus sprattus), grey mullet (Mugil 

cephalus), horse mackerel (Trachurus 

Mediterraneus ponticus), shad (Alosa pontica 

pontica) and bluefish (Pomatomus saltatrix). 
 

2. Analytical method 

Samples were prepared according to a 

previously described method for the 

preparation and quantitative determinations of 

DDTs in fish (19). Briefly, twenty grams of 

homogenized fish tissue were extracted with 

hexane / dichloromethane in Soxhlet Extractor. 

The extract was cleaned-up on a glass column 

packed with 2 g neutral silica, 4 g acid silica 

and 2 g neutral silica (Merck KGaA, 

Darmstadt, Germany). The eluates were 

concentrated to near dryness and reconstituted 

in 0.5 ml in hexane. One micro liter of purified 

extract was injected into GC/MS. 
 

An aliquot of the extract (1/5th) was taken for 

lipid determination. The solvent was carefully 

evaporated until dryness and the lipid content 

was determined gravimetrically. 
 

After lipid determination, the extract was 

cleaned-up on a glass column packed with 

neutral and acid silica. Organochlorine 

compound were eluted with 50 ml n-hexane 

followed by 50 cm
3
 n-hexane/ dichloromethane 

(80:20 v/v). The eluates were concentrated to 

near dryness and reconstituted in 0.5 cm
3
 in 

hexane. 
 

The simultaneous analysis was performed on 

gas chromatograph GC FOCUS (Thermo 

Electron Corporation, USA) using POLARIS 

Q Ion Trap mass spectrometer and equipped 

with an AI 3000 autosampler. Experimental 

masspectrometry parameters are: the Ion 

source and Transfer line temperatures were 

220
o
C and 250

o
C, respectively. The splitless 

Injector temperature was 250
o
C. For DDTs 

determination the oven was programmed as 

follows: 50
o
C (1 min), 30

o
C/min to 180

o
C, 

5
o
C/min to 260

o
C, 30

o
C/min to 290

o
C with a 

final hold for 3.0 min. Helium was applied as 

carrier gas at a flow of 1 ml/min.  
 

Pure reference standard solutions (EPA 

625/CLP Pesticides Mix 2000 μg/ml - 

Supelco) were used for instrument calibration, 

recovery determination and quantification of 

compounds. In prepared extracts 1,1-dichloro-

2,2-di(4-chlorophenyl) ethylene (p,p’-DDE), 

1,1-dichloro-2,2-di(4-chlorophenyl)ethane 

(p,p’-DDD) and 1,1,1-trichloro-2,2-di(4-

chlorophenyl)ethane (p,p’-DDT) were 

analyzed. Each sample was analyzed three 

times and was taken an average of the results 

obtained. The limits of detection (LOD) varied 

for individual compounds from 0.02 to 0.05 

ng/g ww. 
 

3. Quality control  

The quality control was performed by regular 

analysis of procedural blanks and certified 

reference material BCR - 598 (DDTs in Cod 

liver oil) – Institute for Reference Materials 

and Measurements, European Commission. 

Recovery of DDTs from certified reference 

material varied in the range 85-109% for 

individual compounds. 
 

4. Statistical analysis 

The statistical analysis of the data was based 

on the comparison of average values by a t-test 

and a significance level of p<0.05 was used. 

All statistical tests were performed using SPSS 

16 software. 
 

RESULTS  

Dietary intake estimation 

Human exposure assessment of DDTs through 

oral ingestion is generally estimated using 

daily intake of the contaminant. The estimated 

total daily intake (EDI) of the contaminants in 

a given fish species was calculated as follow 

(13):  
 

EDI = C x Intake / BW 
 

where EDI is the estimated daily intake (ng/kg 

body wt./day), C is the mean concentration of 

measured DDTs in fish species (ng/g wet 

weight), Intake is the daily food consumption 

of fish (13.2 g/ day for Bulgarian standard 

adult, taking into consideration the Bulgarian 

national average diet (20) and BW is the 

average consumer body weight (70 kg for adult 

men). 
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The concentration levels of DDTs compounds 

were described in detail in our previous study 

(19). The Total DDTs load of each fish species 

was calculated on the basis of the sum of DDE, 

DDD and DDT, ng/g wet weight (ww). 

Mean values of the EDI (ng/kg bw/day) 

calculated for the DDT and its metabolite 

found in marine fish, collected during 2007-

2011, are shown on Figure 1. 

 

 
            Figure 1. Values of the EDI (ng/kg bw/day) assessed for the DDTs found in marine fish, collected  

            during 2007-2011 

 

Human health risk assessment 

The potential risks of non-carcinogenic effects 

are evaluated by the risk assessment index 

known as the risk quotient (RQ). RQ is defined 

as the ratio of daily fish exposure level (EDI) 

in relation to reference dose (RfD) considering 

non-carcinogenic effects of the contaminants. 

The RQ was calculated as follows (13, 18): 
 

RQ = EDI / RfD 
 

where EDI is the estimated daily intake (ng/kg 

body weight/day); and RfD is the Chronic 

reference dose (ng/kg day). The RfD applied in 

this study was 500 ng/kg day (18). 
 

The lipid contents of each fish species, mean 

levels of Total DDTs (average of study period 

2007-2011) in investigated fish species from 

the Black Sea coast of Bulgaria, mean 

estimated daily intake (average of EDI during 

2007-2011) and risk quotient (RQ) are shown 

in Table 1. The lipid percentage ranged from 

1.7% in goby to 22.6% in shad.  

 

Table 1. The lipid contents (%), mean levels of Total DDTs, ng/g wet weight (2007-2011) determined 

in fish collected from the Black Sea, Estimated daily intake (EDI), ng/kg bw day and Risk quotient 

(RQ), ng/kg bw/day 

Species n Lipids  DDTs  
(2007-2011) 

EDI 

 
RfD 

 (USEPA) 
RQ 

goby  18 1.7±0.6 18.5±8.3 3.5±1.6 

500 

 

0.007 

sprat  11 5.8±1.8 61.5±27.5 11.6±5.2 0.023 

grey mullet 12 8.3±2.8 58.7±24.7 11.1±4.7 0.022 

horse mackerel  18 11.7±2.6 45.1±29.2 8.5±5.5 0.017 

shad  12 22.6±6.2 200.2±41.9 37.8±7.9 0.076 

bluefish 11 18.6±4.1 156.0±73.7 29.4±13.9 0.059 

 

DISCUSSION 

Estimated daily intake (EDI) of DDTs 

It has been proven that fish and seafood are 

one of the major routes of human exposure to 

organic contaminants (21). The consumption 

of contaminated fat food can be a potential risk 

for the consumer. To evaluate risk exposure, 

the mean EDIs for these harmful chemicals in 

each fish species were calculated. On the basis 

of the measured concentrations in the fish 

samples (19), the daily dietary intake of DDTs 

was calculated. The estimated daily intake of 

the DDTs through fish species studied in the 

period 2007 - 2011 is shown in Figure 1. The 
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estimated daily intake was calculated on the 

basis of a fish consumption rate of 13.2 g/day 

(20) for adults with body weight of 70 kg, on 

the mean exposure level.  
 

The dietary intake of DDTs for the Bulgarian 

adult was estimated in the range from 1.2 

ng/kg bw day (goby 2011) to 50.0 ng/kg bw 

day (shad 2009). Some species showed high 

contributions compared with the other species. 

Shad had the highest contribution of DDTs 

compounds. The statistical analysis indicated 

that the differences among mean annual 

estimated EDI of DDTs were not statistically 

significant within a species (p>0.05). 

Evaluated daily intakes decrease slowly during 

the period of study (2007 – 2011) in all fish 

species – Figure 1. 
 

The differences in feeding preferences and 

lipid content of different fish species justify the 

large range of EDIs (from 3.5 to 37.8 ng/kg 

bw/ day, in goby and shad, respectively). The 

statistical test indicated that the mean EDIs 

calculated in shad were significantly higher 

than those in goby (p<0.05). It can be seen 

(Table 1) that the fish with a higher lipid 

content had high contributions for DDTs (such 

as shad and bluefish) while those with a low 

fat content (goby, sprat, grey mullet) had low 

contributions of organochlorines compound. 
 

A comparison of the dietary intakes of DDTs 

compounds from fish in Bulgaria with 

published data shows that the dietary intakes of 

DDTs in Sweden – 256 ng/ day (22), in Italy 

197 ng/ person day (14) and in South Korea - 

270 ng/day (11) were higher than those in the 

present study.  
 

The fish species are a common element in the 

diet of most individuals; they represent a major 

exposure route for persistent compounds from 

the aquatic systems into humans (9, 24). EU 

legislation did not set a maximum residue level 

(MRL) for DDTs in fish, but only in meat and 

preparations of meat. The mean EDI levels 

found in fish species in this study were 

compared to the minimum risk levels (MRLs) 

– 500 ng/kg/day for oral intake of these 

compounds (23). MRL (ng/day) for a person of 

70 kg was calculated 35 000 ng/day (9). To 

exceed the MRL for DDTs, a mean adult 

Bulgarian consumer must eat more than 389 g 

of marine fish every day. 
 

Human health risk assessment 

For chronic systemic toxicants, the RfD is used 

as a reference point in assessing risk (24). The 

RfD is an estimate, with an uncertainty of 

perhaps an order of magnitude, of a daily 

exposure that is likely to be without 

appreciable risk of deleterious health effects in 

the human population (including sensitive 

subgroups) over a lifetime (13, 18). 
 

The average consumption together with the 

measured concentration of the contaminant is 

used to calculate the risk quotient RQ – Table 

1. RfD values adopted in this study are the 

criteria of the USEPA (Environment Agency 

of the United States) – Chronic reference dose 

(18). RQ less than unity indicates that the 

chemical involved is less likely to pose a 

significant health risk to the consumers. RQ 

greater than unity would indicate that 

exposure concentration exceeds RfD and a 

more refined risk assessment is needed to 

ascertain whether appropriate control or 

management measures are required (13, 25). 

The likelihood of risk is related to the degree 

to which exposure exceeds the RfD. Risk also 

depends on individual characteristics; 

susceptibility to toxic exposures varies 

considerably in most populations. 

Consequently, the primary use of RfDs is to 

provide a protective exposure limit rather than 

to predict risks. In practice, however, they are 

often used to estimate risk (18).  
 

The RQ values ranged from 0.007 to 0.076 for 

goby and shad, respectively (Table 1). It can 

be seen that the fish with a lower lipid content 

had a lower RQ (goby, sprat, grey mullet) 

while those with a high fat content such as 

shad and bluefish, had a higher RQ. In our 

study all the RQ values were much lower than 

1, suggesting that consumption of the fish 

species from Black Sea Bulgaria, would not 

pose a non-cancer risk. 
 

CONCLUSION 

Dietary intake of DDTs compounds from fish 

in Bulgaria was estimated lower than those in 

the published data from other study. Evaluated 

daily intakes decrease slowly during the period 

of study (2007 – 2011) in all fish species. The 

estimated intake levels of DDTs through 

consumption of fish from Black Sea, Bulgaria 

were several orders lower than their respective 

RfD for adults. The RQ values were much 

lower than unity, suggesting that consumption 

of the fish species would not pose a health risk 

for the adult Bulgarian consumer.  
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