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Abstract

Since early 1980’s, the production and usage of Polychlorinated biphenyls (PCBs) have been banned
throughout the world due to its carcinogenicity to humans and animals. However, due to the large half-
lives of PCBs, large amounts of stocks are still available in storage. This study presents the validation data
of the method developed for analysis of Aroclor 1260 in transformer oils in order to determine the
concentrations for systematic disposal and destruction.

The transformer oil samples were prepared according to the ASTM D 4059 with few modifications. PCBs
in transformer oils were extracted with iso-octane followed by deactivated florisil cleanup and detection
by GC — ECD using HP 5 GC column (30 m x 0.32 mm X 0.25 um). The study was performed under
matrix matched condition to eliminate the matrix effect that was found to be significant. The method was
found linear over a wide working range from 2.5 ppm — 100 ppm with a regression coefficient of 0.994
and a lower limit of determination of 2.5 ppm. Method showed satisfactory repeatability with relative
standard deviation below 7% over the entire working range. Accuracy of the method was assured using
spike recoveries at 5 ppm, 10 ppm and 50 ppm with 85%, 105% and 93% respectively. The selectivity of
Aroclor 1260 was confirmed against Aroclor 1254 and Aroclor 1242 considering uniquely identified non
— overlapping chromatographic peaks.

Based on the performance characteristics, this method can be suggested as an accurate and precise
methodology to analyze Aroclor 1260 present in transformer oil.
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1. Introduction

PCB is expanded as Poly Chlorinated Biphenyl. PCBs are a group of synthetic organic chemicals
consisting of carbon, hydrogen and chlorine atoms. The number of chlorine atoms and their location in a
PCB molecule determine many of its physical and chemical properties. PCBs are also categorized as a
constituent member of poly aromatic hydrocarbons (Schantz, 1996). PCBs have no known taste or smell,
and range in consistency from an oil to a waxy solid. The Solubility of certain congeners of PCB is as low
as 0.0013 ug/ml(Lang, 1992)

The chemical properties primarily responsible for many of the industrial applications of PCBs that
is, their inflammability, chemical stability, and miscibility with organic compounds (i.e., lipophilicity),
accounts for their use as thermal insulators and coolants mainly in transformers, capacitors, electrical
equipment including voltage regulators, switches, re-closers, bushings, electromagnets, oils used in
motors and hydraulic systems.
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PCBs were also used in fluorescent light ballasts, cable insulation, adhesives, tapes, oil-based
paints, caulking, plastics, carbonless copy paper and floor finish (Safe, 1994; Bowman et al.,
2010)(Erickson and Kaley, 2011).

Despite their wide use in industry, PCBs have been classified as a type 1 Carcinogen by the
International agency for research on cancer (IARC) (International Agency for Research on Cancer, 2018).
Earlier, PCBs were classified as a 2B carcinogen due to the studies showing that rats developed tumors in
the liver after a prolong exposure to PCBs (Kamohara, Yagi and Itokawa, 1984; Safe, 1985). However, in
late 70s, there were a few accidental poisonings leading to enhanced concern on studies related to toxicity
of PCBs (Grittini et al., 1995). PCBs are absorbed through ingestion, inhalation, and dermal exposure,
after which they are transported similarly through the circulation (Schantz, 1996). Sensitized individuals
may develop a rash after 2 days of exposure by contact or inhalation (Andric et al., 2006), and also have
shown through studies that PCBs can interfere with endocrine hormones by mimicking and biding with
the active site(Chris, 1991). Studies also have shown that PCB acts as an embryo toxic and teratogen to
birds (Hoffman et al., 1996) Furthermore PCBs have also effected in birds since the second world war by
the pattern of calcium metabolism. According to studies PCBs have made eggshells of birds
thinner(Lohmann and Dachs, 2019). Furthermore because of their persistence in the environment, the
bioaccumulation in human and animal tissues (Kamohara, Yagi and lItokawa, 1984), PCBs have also been
detected in human breast milk and they have a large potential to have chronic or delayed toxicity
(Schantz, 1996). Due to the risk of carcinogenicity, the general disposal methods are cannot be considered
safe since PCBs have long half-lives (Seegal et al., 2011). Therefore, disposal of PCBs are carried out
using specific disposal methods such as by reacting with metallic Sodium and Sulphate radicals can be
used to break down PCB congeners(Fang et al., 2012), burning of PCB in cement kilns, chemical
reduction, and molten metal pyrolysis (Grittini et al., 1995) etc. But in all these methods, formation of
polychlorinated dioxins and furans are possible. Therefore, attention must be given to minimize the
formation of hazardous byproducts. Furthermore studies have also been carried out on whether
microorganisms could break down the PCB found in soil, by growing microorganisms in soil
slurry(Correa et al., 2010).

In the year 2001, representatives from different countries established the Stockholm Convention to
discuss issues and concerns regarding protection of the environment. According to this convention, 12
organic pollutants were identified as persistent organic pollutants (POPs) (Table 1) and Polychlorinated
Biphenyl in one out of the twelve chemicals which were identified as (Stockholm Convention, 2001;
ONU, 2009). The signed agreement states that all parties must work towards either destruction or disposal
of stocks of PCBs by the year 2025 (ONU, 2009).

Table 1: Dirty dozen of the Stockholm convention(ONU, 2009)

Chemical Use

Aldrin Pesticide (insecticide)

Chlordane Pesticide (insecticide, termiticide)
Dieldrin Pesticide (insecticide)

DDT Pesticide (insecticide)

Endrin Pesticide (insecticide, Rodenticide)
Heptachlor Pesticide (insecticide, termiticide)
Mirex Pesticide (insecticide, termiticide)
Toxaphene Pesticide (insecticide)

Hexachlorobenzene
Polychlorinated biphenyl
Dioxin

Furan

Pesticide (fungicide), by-product of solvent
manufacture

Industrial

By-product

By-product
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Since 1929 PCBs were used in transformer oils throughout the world. In the same manner PCBs were
used in transformers oils in Sri Lanka(Implementation et al., 2004)(Justice and Lanka, 2006). In 1979,
PCBs were banned and ever since PCB was not added to transformer oils in Sri Lanka. In the year 2002
Sri Lanka signed the Stockholm convention on Persistent Organic Pollutants (POP)(Stockholm
Convention, 2001).

Several methods in literature describe about analysis of Aroclors in transformer oil. Many authors have
used expensive solid phase extraction (SPE) (Na et al., 2008; Gordon, Szlta and Feeder, 1982,) or lengthy
analytical procedures (Shin et al., 2006) for Aroclor analysis. Sri Lanka, as a signatory to the Stockholm
convention, it was a timely requirement in the country for the establishment of a simple, relatively cost
effective and rapid method developed for analysis of Aroclor 1260, which was the most frequently
detected Aroclor present in the transformers as per the preliminary assessments carried out in the country.
In this relation, a simple, cost effective and a rapid method was validated for the analysis of Aroclor 1260
in transformers oils.

2. Methodology

2.1 Materials and reagents

The standard of Aroclor 1260, 500 ppm in transformer oil was purchased from Sigma Aldrich Germany.
2,2,4-Trimethylpentane/ Isooctane with a purity of > 99.5% GC grade (Sigma Aldrich -
Germany),Deactivated magnesium silicate (Fisher Scientific — USA), The Helium and Nitrogen gasses
used for the analysis were of high purity of 99.999%.

2.2 Instrumentation

Agilent 6890 series Gas Chromatograph coupled to electron capture detector with a HP-5(5% phenyl
methyl 30 m x 0.32 mm x 0.25 um) column was used for the analysis. Inlet temperature was maintained at
250 °C in split-less mode. The Aroclors were separated using a temperature programme stated at 100 °C
and ended at 300 °C at a rate of 15 °C/min with a flow rate of 2 mL/min. The Detector was maintained at
308 °C.

2.3 Preparation of working standards series

The working standards were prepared by diluting the 500 ppm Aroclor 1260 to 2.5 ppm, 7.5 ppm, 25 ppm
and 100 ppm concentrations in non-contaminated transformer oil. Then 0.10 + 0.01 g from the prepared
each working standards were extracted to 10 mL of 2,2,4-Trimethylpentane according to the procedure
explained in 2.4 to maintain the recommended dilution ratio of 50:1 of solvent: transformer oil.

2.4 Preparation of samples

0.10 + 0.01 g of transformer oil sample was weighed in to a 10 mL glass disposable vial and diluted 50
times with 10 mL of 2,2,4-Trimethylpentane to obtain a 50:1 solvent ratio. Then approximately 1 g of
deactivated magnesium silicate (Florisil) was added and vortexed for 3 mins at 2500 rpm. The supernatant
was filtered using a Nylon 0.45 pum syringe filter in to a 2 mL auto sampler vial for injection into the GC-
ECD.

2.5 Reagent Blanks
If the reagent blank produces same set of peaks within £ 0.05 min of the retention time as of the Aroclor 1260 with

identical ratios observed for Aroclor 1260, the source of contamination or the interference was eliminated before
processing samples.

2.6 Fortified samples

PCB free transformer oil was spiked with Aroclor 1260 to concentrations of 5 ppm, 10 ppm, and 50 ppm
respectively. The same method was followed for the fortified sample in order to measure accuracy,
precision and the recovery of the method. The fortified samples were replicated six times to evaluate the
method performance characteristics.
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2.7 Method validation

Method performance characteristics: accuracy, precision, recovery, limit of determination (LOD), limit of
quantification (LOQ) selectivity, linearity, working range were evaluated as per EURACHEM
guidelines.(Eurachem, 2014)

3. Results
The summary of validation data is given in Table 2.

Table 2: Results and parameters

Recovery % Precision (%RSD) LOD LOQ Linearity Working range
(ppm)  (ppm) (ppm)
Low Mid High Low Mid high
85 +4 109+ 6 94 +2 5.1 6.7 24 25 5 0.994 2.5-100

3.1 Selectivity

Since there are 209 PCB congeners there are a large no of peaks in the chromatogram as depicted in
Figure 1. This makes the identification and quantification more challenging. GC-Electron Capture
Detector was used for detection. The concentration of PCB was identified by selecting the specific peaks
which are unique for Aroclor1260 as denoted in figure 1. The peaks were selected by screening Aroclor
1260 against Aroclor 1242 and Aroclor 1254 standards as given in figure 2. and figure 3.
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Figure 1: GC Chromatogram of Aroclor 1260
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Figure 2: GC chromatograms of (a) Aroclor 1260 (b) Aroclor 1254 and (c) Aroclor 1242
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Figure 4 : GC Chromatograms of Aroclor 1248 and 1260
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Figure 5: GC chromatograms of Aroclor 1232 and 1260
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By overlaying and screening peaks of retention times of 12.9 min, 13.2 min, 13.5 min, 13.8 min, 14.3 min
were obtained. It was also assured that, the selected peaks utilized for the quantification of Aroclor 1260
were completely free from the interfering peaks present in other PCB congeners present in PCB 1248,
1016 and 1232 as clearly indicated in Figures 3, 4 and 5.

3.2 Accuracy and Recovery

Since a certified reference material was not available, accuracy of the method was evaluated using the
recovery values. The recovery of the method covering the low, mid and high quantification levels of the
analytical range were as 85%, 109%, and 94% respectively.

3.3 Precision
The relative percentage standard deviation (% RSD) for the fortified samples obtained were 5.1%, 6.7%,
and 2.4% for quantification levels at 5 ppm, 10 ppm, and 50 ppm respectively.

3.4 Limit of detection (LOD) and limit of quantification (LOQ)

To the mean value obtained for the blank response fortified at the lowest detectable concentrations, the
LODs and the LOQs evaluated for PCB by adding approximately 3 times and 5 times of the standard
deviation of the response detected for the fortified blank at the lowest detectable concentrations were 2.5
ppm and 5 ppm respectively.

3.5 Linearity and working range
The method was found linear with a regression coefficient of 0.994 over the working range from 2.5 ppm
— 100 ppm.
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Figure 6: Calibration curve for total peak area of Aroclor 1260 vs Concentration

4. Discussion

In literature, PCB analysis has been carried out mainly using non polar solvents such as hexane,
dichloromethane and toluene followed by SPE clean up (Na et al., 2008; Gordon, Szlta and Feeder, 1982).
In comparison to the SPE cleanup, the method described here uses dispersive florisil cleanup which
eliminates the requirement of use of SPE manifolds and is very cost effective(Ballschmiter and Zell,
1980). Further, the method presented is quick and fast enabling screening and quantification of Aroclor
1260 within 19 min which is lower than many of the methods described in literature for Aroclor analysis
(Aries et al., 2004; Frame and Cochran, 1996)
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The method performance characteristics obtained for the analysis of PCBs in transformer oils were
evaluated in comparison to the requirements mentioned in International method validation guidelines
(AOAC,2012; EURACHEM, 2014).

Since unique chromatographic peaks were selected for the qualitative identification and quantitative
analysis against Aroclor 1242 and Aroclor 1250, the selectivity of the analytical method was assured.
Florisil clean up enabled removal of most of the complexities associated with the matrix. In addition, the
interference arising from the matrix was further eliminated through the use of the matrix matched
calibration conditions. The method was found accurate throughout the analytical range with mean
recoveries found within the range from 80 — 110 % which is the recommended acceptable recovery
percentages for analytes which are present in ppm ranges (AOAC, 2012). The method was also found
precise with mean relative standard deviations below 8%. According to the AOAC Guidelines for
Standard Method Performance Requirements, percentage relative standard deviation should be less than
11% (AOAC, 2012) for the analytes present in ppm levels. The linearity of the method was observed
throughout the working range which extended from 2.5 ppm — 100 ppm. Further, with low LOD and LOQ
values, the method enables sensitive detection of Aroclor which could be present in trace levels in
transformer oils.

Prior to the injection of the samples fresh transformer oil (without Aroclor1260) was prepared in the same
manner and injected to the GC-ECD to identify any solvent interaction between transformer oil and Iso
Octane. Furthermore the fortified samples indicated the glassware and the reagents did not affect the
extraction of Aroclor 1260 in the 1so Octane due to the recovery being between 80% - 100%.

Therefore, all the method performance characteristics of the analytical method are in compliance with the
requirements stipulated in international method validation guidelines.

5. Conclusion

The work described presents the method validation studies carried out on the analysis of Aroclor 1260 in
transformer oils. The method is accurate, precise and sensitive and hence can be used for qualitative and
quantitative analysis of Aroclor 1260 in transformer oil to study to the level of contamination of PCBs in
transformer oils for the implementation of the national plan on phasing out of PCBs in Sri Lanka by 2025.
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