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Abstract  
 

Food intake is the main source of exposure to dioxin-like compounds for humans, meat accounts for a large 
portion in human daily diet. To protect the people's health and explore the pollution level of polychlorinated 
biphenyls(PCBs) in meat, 28 samples of three kind of retail livestock meat were investigated. The research included 
beef, pork and mutton. After extraction, extracts were cleaned up by FMS and analyzed by isotope dilution 
high-resolution gas chromatography/high resolution mass spectrometry (HRGC/HRMS). The results showed that the 
highest level for the median of DL-PCBs was 0.84 pg WHO-TEQ/g fat in beef, followed by 0.28pg/g fat in mutton, 
0.15pg/g fat in pork. In all samples, PCB118 was the greatest contributor to the total contaminated concentration, and 
PCB126 was the dominant contributor to the TEQ concentration. From the results of dioxin content in six samples 
exceeded the EU action level limit and four of the six samples also exceeded the EU maximum level limit, PCBs 
contamination existed in livestock meat products in China, it was suggested that policy decision maker and 
superviser should pay more attention to this circumstance. 
 
Introduction 
 

Polychlorobiphenyls (PCBs) are the family of compounds which include 209 kind of congeners. Since its good 
chemical stability, high boiling point and electrical insulation, PCBs are widely used in transformer insulating liquids, 
pesticides, paints, lubricants and other products of additives, heat transfer systems in the past decades. PCBs have 
become a global pollutant because the slowly degradation in the environment, the relocation of the environment, and 
the bioaccumulation and toxicity .So that they are one object of 12 highly toxic persistent organic pollutants in the 
Stockholm Convention. Data shows that China had produced 10,000 tons of PCB products from 1966 to 1975 , and 
long-term using and shortcomings in management and disposal had caused a very serious environmental pollution. 
PCBs in food comes mainly from environmental pollution, food containers, contaminated packaging materials and 
equipment containing PCBs accident 1. Food intake is the main route to PCB exposure for human being. However, 
the data on pollution levels of PCBs in food in Shenzhen of south of China is also inadequate due to detection fee 
and equipment restrict. As Special Economic Zone of China, there are have1400 population in Shenzhen . In order to 
ensure food safety, it is very necessary to study the pollution levels of PCBs in food. To explore the contamination 
levels of PCBs in some food in Shenzhen of China, three kind of livestock (beef, pork and mutton) which people 
often consume was chosen to detect the level of PCBs totally including of 6 indicator PCBs and 12 Dioxin-like 
PCBs.  
 
Materials and methods 
 
Food samples 
 

28 Samples of three kind of meat (beef, pork and mutton) were randomly acquired in local markets from 
Shenzhen city in China, which including 14 pork samples, 10 beef samples and 4 mutton samples. The samples were 
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kept at -20°C until they were processed 
. 

Sample preparation  
 

All solvents for trace determination analysis were purchased from Merck (Darmstadt,  Germany). Calibration 
standard solutions, 13C-labeled surrogate standards, cleanup standards and injection standards specified in US EPA 
Method 1668A for PCBs analysis were purchased from Cambridge Isotope Laboratories Co.(Andover, MA, USA). 

All the samples were grounded, then freeze-dried and processed the preparation step individually. Soxhlet 
extraction was used for the samples extraction. With hexane/dichloromethane (1:1) as solvent extracted the sample at 
least 24 h. Extracts were concentrated by rotary evaporator (BUCHI, Switzerland ) and subjected to a three-stage 
clean-up procedure using PowerPrep automated system (Fluid Management Systems, Inc. Waltham, MA, USA). A 
set of disposable columns consisting of a multi-layer silica column, a basic alumina column and a carbon column 
have been used to purify. Analytical procedures used in this study are described in detail previously 2. 

 
HRGC/MS Analysis 
 

Six indicator PCB congeners(IUPAC No. 28, 52, 101, 138, 153 and 180), the non-ortho PCB congeners (IUPAC 
No. 77, 81, 126 and 169), as well as the mono-ortho PCB congeners (IUPAC No. 105, 114, 118, 123, 156, 157, 167, 
189) were analyzed by HRGC/HRMS according to the US EPA 1668A method. A DB5-MS (J and W Scientific, 
USA) fused silica capillary column (60 m×0.25 mm id., 0.25 μm film thickness) was used with helium as the carrier 
gas. The temperature program was from 90 °C (held for 1 min) to 180 °C (held for1 min) at 20 °C/min, to 300 °C 
(held for 3 min) at 3 °C/min for PCBs using the splitless injection mode. The ion source and interface temperatures 
were 260 °C and 280 °C, respectively; ionization energy 60 eV (electron ionization mode), and trap current 0.9 mA. 
The resolving power was kept at 10,000 (10% valley definition), using selected ion monitoring (SIM) in isotopic 
dilution. 

 
Quality Assurance/Quality Control (QA/QC) 
 

In accordance with the US EPA1668A method3, the samples quality control process, including the HRGC / 
HRMS the performance control, method blank, recovery, quality control testing of samples have been done. The 
laboratory has participated in international quality control studies for the analysis of PCBs at the same period 
organized by Norway public health institute. The laboratory is also accredited to ISO/IEC 17025 by CNACL of 
China (No.L2154). 

 
Results and discussion 
 
1. Quality control sample test results 
 

In order to ensure accurate test results and reliability, carrying out the certified reference material (CRM) testing. 
Using the same testing process for detection of PCBs in fish samples（Carp-2）, to verify the accuracy of the Analysis 
method. The average of three test results are in the scope of the standard reference values. The three test results of 
relative standard deviation less than 20%, which could prove the accuracy of this detection method and the stability 
of inspection system (Table 1). 

 
Table 1  

Method validation of international certified reference material  Carp-2 for PCBs congeners
（National Research Council  Canada） * 
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Detection result（ n=3）  

Compounds Mean 
（ ng/kg wet weight） RSD(%) 

Certified value 
(ng/kg wet weight) 

PCB28 30.2 17.6 34.0±7.2 
PCB52 112.7 14.2 138±43 
PCB101 152.1 10.2 145±48 
PCB105 52.1 4.5 53.2±15.6 
PCB118 124.5 3.2 148±33 
PCB138 89.4 11.2 103±30 
PCB153 121.4 15.1 105±22 
PCB180 58.2 9.8 53.3±13.0 

 
*: note, the concentrations of other congener compounds doesn’t be provided in the certif ication 
sheet.  
 
2. PCBs concentrations in livestock meat 
 

Table 2 Concentrations of the PCBs in beef, pork and mutton (pg/g fat) 
 

Sample Con. Of 
indicator-PCBs 

Con. Of 
Dioxin-like 

PCBs 

Total Con. 
Of PCBs 

Con. Of 
WHO-TEQ 

EU action level 
standard 

WHO-TEQ 

EU maximum 
level standard 
WHO-TEQ 

pork
（n=14） 389.45 46.37 435.82 0.15 0.5 0.5 

beef
（n=10） 1151.41 456.19 1607.60 0.84 1 1.5 

mutton 
（n=4） 427.67 77.50 505.17 0.28 1 1.5 

 
Concentrations of the indicator PCBs in three breeding stock meat products are quite different. The highest 

content was 1151.41 pg/g fat in beef , followed by 427.67 pg/g fat in mutton and 389.45 pg/g fat in pork. The 
concentration of indicator PCBs in beef was about 3 times of which in the pork and mutton.The DL-PCBs 
concentration in beef was 456.19 pg/g fat ,followed by77.5 pg/g fat in mutton and 46.37 in pork.The trends total 
concentration of PCBs is consistent with which of indicator PCBs: beef> mutton> pork.The TEQ concentration of 
DL-PCBs in three kind of meat were 0.84,0.28 and 0.15 pg/g fat in beef,mutton and pork, respectively .The results 
showed that TEQ concentration of DL-PCBs (median value) in meat products was lower than the limit value in the 
EU standard action level4. The concentration value in beef samples is about 5.6 and 3 fold of pork and mutton 
samples, respectively. The study also found the positive samples which exceeded the EU action levels standards and 
maximum levels standards for PCBs. One pork sample and five beef samples were detected. Among them, the pork 
sample and three beef samples also exceeded the EU maximum levels standards. the highest WHO-TEQ 
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concentration of a beef sample was 2.60pg/g fat, about 1.7 times of the maximum levels standard. The study shows 
that the livestock meat products in China have a certain degree of PCBs pollution.  

 
3. Correlation of the indicator PCBs and dioxin-like PCBs concentrations 
 

The study found a better correlation between the indicator PCBs and DL-PCBs r = 0.6443, P <0.0001 (Figure 1). 
Compared with the DL-PCBs, indicator PCBs is easily detected and analyzed from food. In this way, the 
contamination of DL-PCBs (which toxicity is higher, more difficult to detect) in samples can be estimated analysis 
by detecting the indicator PCBs content in samples. It can not only save cost but also play a role in early warning of 
monitoring the food. 
 

R2 = 0.4151
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Fig.1. Distribution of indicator PCBs and DL-PCBs concentrations in meats 

 
4. Pollution characteristics of DL-PCBs in three sorts of livestock food 
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Fig.2. Pollution characteristics of the dioxin-like PCBs 
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Fig.3. Pollution characteristics of the in dicator PCBs 

 
Pollution characteristics of the DL- PCBs are shown in Fig.2. In all samples, PCB118 was the main contributor to 

the total concentration, between 32%-68%; followed by PCB105 and PCB156. Compared the total PCB118 
concentration in three samples, beef in the highest proportion, followed by pork and mutton was minimum. Different 
from other congeners contribution trends, concentrations of PCB105 and PCB156 in mutton were higher than pork 
and beef, about 20% contribution. However PCB126 was found to be the main contributor to the WHO-TEQ 
concentration in the three kind of samples, accounting for nearly 90% ~ 92% of TEQ concentration. 
  Indicator PCBs were analyzed simultaneously Fig.3. PCB 28 is the predominant contributor to the total 
concentration accounted for 40%-50% in the three kind samples. Other contributor to total concentration was 
different based on different food groups. The sum of PCB 52 and PCB 153 accounted for more than 30% in pork , 
sum of PCB138 and PCB153 accounted for more than 40% in beef ,and sum of PCB53 and PCB153 accounted for 
more than 40% in mutton.  

 
4. Conclusion 

The study involved in three kind of meat samples, the total concentration of PCBs in beef samples were 
significantly higher than pork and mutton. The concentration of indicator PCBs and DL-PCBs have good consistency 
and correlation. It can be found that the PCB polluted level in beef is still the highest compared to the others. 
However, the median concentration of TEQ for three samples did not exceed the EU standards for PCBs. In Taiwan 
[5] survies of the related beef, mutton and pork in the TEQ concentrations of PCBs were 0.363, 0.189 and 0.145pg/g 
fat, respectively. In some European studies6,7,8showed that the TEQ concentration were 0.02-0.69 pg/g fat, 0.13-1.22 
and 1.22 pg /g fat in pork ,beef and mutton, respectively. The results of this study showed that the TEQ concentration 
of beef is closed to European and higher than Taiwan’s investigative levels; mutton is closed to Taiwan, but lower 
than the European studies levels, and pork with the concentration of research near to Taiwan and lower than the 
similar studies in Europe. PCBs content in three kind of meat trend that is consistent with other studies: beef> 
mutton> pork. The content of indicator PCBs in beef is the highest, which was similar to those of other studies9,10. 
This study shows that, PCB118 is still the most polluted monomer, the main contributor to TEQ concentration is 
PCB126, which is consistent with the results of other studies 11,12.  
   In this study, some positive samples were detected. It shows that some retail meat products have been 
contaminated in this city. At present, the domestic meat animals are reared closely and some feed additive were used 
for feeding in China. Therefore, the meat may have been contaminated by polychlorinated biphenyls feed additives, 
which entered animals’ body through enrichment. Because the meat products in Shenzhen produced from different 
feeding base, there is a certain extent of risk of PCBs contamination in our country. More monitoring to PCBs 
pollution on meat products should be carried out in order to guarantee the food security and people's health. 
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