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ABSTRACT 
 

This paper aims to present how the types and concentrations of PCBs 
contained in a sample of oil from high voltage industrial transformers can 
be determined. The chromatographic method (GC-ECD) was applied to 
determine the PCB concentrations in the collected oil sample. For the 
implementation of the GC-ECD method, an Agilent - 7890 gas 
chromatograph was used, equipped with a µECD detector (ionizing source: 
Ni63, A = 15 mCi) capable of ionizing and identifying the concentrations 
of chlorinated organic substances in the analyzed samples. The 
experimental program started by collecting an oil sample from an 
industrial transformer from the company ELEROM S.A., Neamt county, 
Romania and temporarily stored, for final disposal, in the dedicated 
storage facilities of the company SetCar S.A. Braila, Romania.  The high 
PCB content in the oils from high-voltage industrial electrical equipment 
classifies them as hazardous waste with a negative impact on 
environmental factors and human health and must be managed according 
to the laws in force. 
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1. INTRODUCTION 
Polychlorinated biphenyls (PCBs) are 

synthetic aromatic compounds known under 
several commercial names such as Pyralene, 
Aroclor, etc., representing a group of 209 
isomers each consisting of two benzene 
molecules where they add, in different 
positions, between 1 and 10 chlorine atoms [1], 
[2].  

The total production of PCBs worldwide 
during the period 1929-1976 was approximately 
61 megatons, of which more than 90% of this 
amount was generated by the Monsanto 
company, USA, under the trade name of 
Aroclor [3]. PCBs have been used mostly as 
additives for paints, inks and for cooling, 
dielectric and hydraulic fluids [3], [4].  

Oils containing polychlorinated biphenyls 
were originally used for use in electrical 
industrial equipment such as transformers 
because they have exceptional dielectric 
properties and are non-flammable. Due to the 
fact that these substances are toxic, it have 

increased the stability regarding the reaction 
with chemical agents (acids, bases, oxidants, 
etc.) and easily accumulate in the adipose tissue 
of animals and humans, they have been declared 
extremely dangerous [5].  

The toxicity of PCBs has placed them on 
the list of chlorinated organic substances that 
must be completely eliminated from high-
voltage industrial electrical equipment, and by 
2028 all waste containing PCBs must be 
completely eliminated. This decision was made 
worldwide according to the Stockholm 
Convention [6], [7].  

Currently, it is considered that PCB 
production has been stopped worldwide, but 
concentrations of such persistent 
organochlorine substances can be found in 
various matrices anywhere in the world [8].  

In most cases, PCB concentrations from 
various samples are analyzed using equipment 
equipped with a capillary column, inside this 
column there is usually a layer of fused silica. 
This analytical technique is called gas 
chromatography (GC). The most common 
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detectors attached to this technique are those 
with electron capture (ECD) [1]. 

2. MATERIALS AND METHODS 
The experimental program consisted of 

taking samples of PCB-contaminated oil from 
inside a high-voltage industrial transformer, 
forming a homogenized oil sample and 
analyzing it using the GC-EDC method.  

The industrial transformer, from the 
company ELEROM S.A., Neamt county,  
Romania, was transferred to the company 
SetCar S.A., Braila, Romania, for temporary 
storage and final disposal (Fig. 1).  

 

 
Fig. 1. Temporary storage of high-voltage 

industrial transformer (source: [9]) 
 
The final disposal is represented by several 

technical operations (Fig. 2) such as: emptying 
the oil transformer, dismantling it, 
decontamination of ferrous and non-ferrous 
parts, respectively their economic recovery. 

 

 
Fig. 2. The dismantling operation of the 
industrial transformer coil (source: [10]) 
 
The main reason why this experimental 

program was developed is to quantify the 
degree of PCB contamination of industrial 
transformer oils. Laboratory analyzes are 
applied according to quality standards 
recognized by a nationally accredited entity.  

Transformer oil samples are taken with the 
help of sampling tools such as: glass pipettes or 

other mechanical instruments (syringes) and 
vials with covers made of glass. It is very 
important that all sampling utensils are very 
clean, dry or single use (Fig. 3). Compliance 
with this aspect leads to the avoidance of 
sample contamination with other unwanted 
substances.  

 

 
Fig. 3. The method of sampling PCB-

contaminated oil from an industrial transformer 
(source: [12]) 

 
Using glass pipettes, individual samples 

can be taken, usually three samples are taken 
(from the surface of the oil level, from the 
middle and from the lowest level) [11]. 

For the preparation of oil samples, the 
following high-purity laboratory reagents are 
used: organic solvents (hexane), dried and 
deactivated alumina, silver nitrate, silica, quartz 
wool, ultrapure water and acetone.  

The application of the GC-ECD method 
was carried out using the following equipment: 
vaporizer with rotating mechanism for sample 
concentration, vacuum pump, laboratory 
utensils and glass vessels, respectively the 
Agilent 7890  gas chromatograph equipped with 
a chromatographic capillary column and µECD 
detector with a Ni-63 source, which has an 
activity of 15 mCi (Fig. 4). The concentrations 
of all PCB types identified from the analyzed 
oil sample were obtained using the calibration 
method based on the internal standard (Aroclor) 
and the procedures specified in the national 
regulations [11]. 

 

 
Fig. 4. Agilent 7890 gas chromatograph 

property of SetCar S.A. Braila (source: [9]) 
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3. RESULTS AND DISCUSSION 
After performing the qualitative and 

quantitative analysis applying the GC-ECD 
method, quite high PCB concentration values 
were recorded for all identified isomer types. 
Table 1 shows all types of PCBs and their 
concentrations, identified as a result of the 
analysis of industrial transformer oil samples 
from ELEROM S.A. 

The results of the analysis, presented in 
table 1, indicated that a total number of 11 
polychlorinated biphenyl isomers were 
identified. The concentration values of all types 
of identified PCBs considerably exceed the 
limit value (50 ppm [13]) imposed by the 
Stockholm Convention, European and 
Romanian legislation.  

 
 

Table 1. Determination of PCB types and their concentrations in the analyzed oil sample 
Retention Time [min.] PCBs type Concentration of PCB [ppm] 

20.007 PCB 96 36.79 
24.521 PCB 77, 110 546.60 
36.123 PCB 196, 203 691.48 
37.065 PCB 189 232.60 
38.718 PCB 207 257.05 
39.399 PCB 194 515.54 
39.745 PCB 205 662.67 
41.507 PCB 206 991.27 
44.375 PCB 209 137.04 

 

 

 
Fig. 5. The chromatogram obtained after the analysis of the contaminated oil sample 

 
Table 2. Comparison of the results of this research and the results of another similar research 

PCBs type 
Concentration 
of PCB in this 

work [ppm] 

Concentration of PCB 
obtained in a sample from 

Romania [ppm] [11] 

Concentration of PCB 
obtained in a sample from 

Indonesia [ppm] [11] 
PCB 96 36.79 7998.24 - 

PCB 77, 110 546.60 42.41 261.80 
PCB 196, 203 691.48 2003.34 - 

PCB 189 232.60 1233.04 317.06 
PCB 207 257.05 175.06 - 
PCB 194 515.54 301.48 344.66 
PCB 205 662.67 453.20 344.66 
PCB 206 991.27 1023.09 372.25 
PCB 209 137.04 - - 

 



FASCICLE XIV THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI 

32 

Figure 5 shows the chromatogram obtained 
after the analysis of the PCBs contaminated oil 
sample. The results obtained in this research 
were compared with the results obtained in 
another similar research. This comparison is 
presented in table 2. 

From the comparison of the results (Tab. 
2), the following remarks can be formulated: 

The concentration of PCB 96 (360.79 ppm) 
is extremely low compared to the concentration 
of PCB 96 determined in the oil sample from 
Romania (360.79 ppm [11]); 

The concentration of PCB 77 and 110 
(546.6 ppm) is much higher than the 
concentration of PCB 77 and 110 determined in 
the oil sample from Romania (42.41 ppm [11]) 
and significantly higher than the concentration 
determined in the oil sample from Indonesia 
(261.8 ppm [11]); 

PCB 196 and 203 has a concentration 
(691.48 ppm) approximately 3 times lower than 
the concentration of the same type of PCB 
determined in the oil sample from Romania 
(2003.34 ppm [11]); 

PCB 189 has a very low concentration 
(232.6 ppm) compared to the concentration of 
PCB 189 determined in the oil sample from 
Romania (1233.04 ppm [11]), respectively 
lower than the concentration determined in the 
oil sample from Indonesia (317.06 ppm [11]); 

The concentration of PCB 207 (257.05 
ppm) is higher than the concentration of the 
same type of PCB determined in the oil sample 
from Romania (157.06 ppm [11]); 

PCB 194 recorded a higher concentration 
(515.54 ppm) than the concentrations of PCB 
194 identified in oil samples from Romania 
(301.48 ppm [11]) and from Indonesia (344.66 
ppm [11]); 

The PCB 205 concentration value (662.67 
ppm) is higher than the PCB 205 concentration 
values determined in the oil samples from 
Romania (453.2 ppm [11]) and from Indonesia 
(344.66 ppm [11]); 

PCB 206 has a concentration (991.27 ppm) 
slightly lower than the concentration of PCB 
206 determined in the oil sample from Romania 
(1023.09 ppm [11]), but significantly higher 
than the concentration of PCB 206 determined 
in the sample of oil from Indonesia (372.25 
ppm [11]); 

PCB 209 was identified only in the sample 
analyzed in this work and recorded a 
concentration (137.04 ppm) approximately three 
times higher than the normal limit (50 ppm 
[13]). 

4. CONCLUSIONS 
The GC analytical technique equipped with 

an electron capture detector (µECD) was 
successfully applied for the identification of the 
11 types of PCBs and their concentrations.  

All determined PCB concentrations are 
considerably higher than the normal legal limit, 
and for this reason the transformer oil from 
ELEROM S.A. is considered a hazardous waste 
and must be managed according to legal 
procedures. 

REFERENCES 
[1]Gherdaoui, C.E., Bouberka, Z., Delbarre, J.-P., et al., A 

simple and reliable method for separation of mineral 
oil/polychlorobiphenyl mixtures, Waste Management & 
Research, 41 (1) (2023) 182-194. 

[2]Motladiile, S., Kwaambwa, H.M., Sichilongo, K., 
Development and Validation of a Gas Chromatography-Mass 
Spectrometry Method for the Determination of PCBs in 
Transformer Oil Samples-Application on Real Samples from 
Botswana, Journal of Chromatography & Separation 
Techniques, 2 (4) (2011) 1000116. 

[3]Ryoo, K.S., Byun, S.-H., Choi, J.-H., et al., Destruction and 
Removal of PCBs in Waste Transformer Oil by a Chemical 
Dechlorination Process, Bulletin of the Korean Chemical 
Society, 28 (4) (2007) 520–528. 

[4]Aganbi, E., Iwegbue, C.M.A., Martincigh, B.S., 
Concentrations and risks of polychlorinated biphenyls (PCBs) 
in transformer oils and the environment of a power plant in the 
Niger Delta, Nigeria, Toxicology Reports, 6 (2019) 933-939. 

[5]Laxman, K.C., Bhupendra, D., PCBs contaminantion of 
transformer oil and its occupational health and safety status in 
the Kathmandu Valley, Nepal, International Journal of 
Environment, 3 (4) (2014) 12-13. 

[6]Stockholm Convention on Persistent Organic Pollutants 
(POPs) as amended in 2009. 

[7]Da Silva, M.R.A., De Oliveira Rodrigues, E., Espanhol-
Soares, M., et al., Application of Fenton process to remove 
organic matter and PCBs from waste (fuller’s earth) 
contaminated with insulating oil, Environmental Technology, 
40 (10) (2018) 1298-1305.  

[8]Huang, J., Hui, Y., Matsumura, T. et al., Detailed analysis of 
PCBs and PCDD/Fs impurities in a dielectric oil sample 
(ASKAREL Nr 1740) from an imported transformer in China, 
Frontiers of Environmental Science & Engineering, 8 (2014) 
195–204. 

[9]Sloată, F., Ene, A., Stroia, D.C., High efficiency analytical 
method for the determination of polychlorinated biphenyls 
(PCBs) concentration in industrial electrical equipment, 
``Dunarea de Jos`` University of Galati, Doctoral School of 
Engineering, Doctoral School of Social, and Humanities 
Sciences, 5th edition, Galați, Book of abstract, (2017) 129. 

[10]Sloată, F., Ene, A., Determination of PCB content in 
industrial waste water by the GC method, UGAL International 
Conference Multidisciplinary HUB for the Higher Education 
Internationalization by Means of Innovative Interaction with 
the Labour Market and Society, Galați, Book of abstract, 
(2018) 52. 

[11]Sloată, F., Ene, A., Bogdevici, O., Application of the gas-
chromatographic analysis method for the characterization of 
oils in high capacity industrial electrical equipment, Annals 
Dunarea de Jos Univ. Galati, Fasc. II. Mathematics, Physics, 
Theoretical Mechanics, 45 (1) (2022) 33-38. 

[12]Sloată, F., Ene, A., Determination of PCBs concentrations in 
waste oils from industrial high voltage electrical equipment by 
gas chromatographic method, Monitox International 
Conference ”Environmental Challenges in the Black Sea 
Basin: Impact on Human Health”, Galați, Book of abstract, 
(2020) 37. 

[13]Government Decision no. 173/2000 Regulating the special 
regime for the management and control of polychlorinated 
biphenyls and other similar compounds. 


