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A STUDY IN LABORATORY AUTOMATION

Analysis of PCBs in trans­
former oils
8y $.1. Lormon, H. Gordon, and J.P. Hendricks

P
OLYCHLOftfNATSO biphenyls 
(PCBs) have been commercial* 
ly manufactured since 1929. 
They were, until recently, widely 

used throughout industry because of 
their chemical and thermal stability, 
low or nonflammability, and good 
electrical insulating properties. But 
the very properties that have made 
PCBs so useful have resulted in a ban 
on their manufacture and strict reg­
ulation of their disposal by the Envi­
ronmental Protection Agency 
(EPA). PCBs are so chemically inert 
that they persist in nature long after 
many other organic chemicals have 
broken down. Most of the biosphere 
Is contaminnted, although no natural 
source of PCBs exists. Not only are 
PCBs environmental pollutants, but 
they are suspected carcinogens as 
well.

When the EPA announced the reg­
ulations on disposal of PCBs In 
1971, the technical personnel at Con­
solidated Edison were faced with a 
major problem. It was necessary to 
determine which of the 23,000 trans­
formers in the Consolidated Edison 
systems contained PCB-comami- 
nated transformer oil. and at what 
levels. The oils were almost certainly 
contaminated because at one time 
fuinollititsd Edison had used PCBs 
as transformer oil. When the switch 
was made, the new oil introduced be­
came contaminated by PCB residua. 
This meant that • method for hand-
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ling thousands of sample* per year 
had to be developed.

The system that was finally devel­
oped has been in use for more than 
three yean. More than 1000 samples 
have been assayed with it. The three- 
part method consists of gas chroma­
tography. sample preparation, and 
automation, both instrumental and 
data reduction. These were inte­
grated into one efficient system for 
speedy handling of many samples 
and rapid analysis of data.

Sample tracking

Sample preparation consists of 
four discrete tasks, allowing fa as­
sembly-line work and minimum crit­
ical path planning. The first task was 
to log in an identification number for 
each sample. Next, each sample was 
prepared and its weight entered into 
the log. The sample was then loaded 
into the autosnmpler for injection 
into the gas chromatograph. The last 
task was to eater the sample's i.d. 
and weight into the computer. Two 
technician-days were required for 50 
samples, at a rate of about three 
samples per technician hour.

Oas chromatography

Two Perkia-Elmer Sigma stria 
gas chromatographs were used. Each 
was equipped with a Perkia-Elmer 
autosampler. The Sigma 3 gat chro­
matograph used is a single-channel 
unit, equipped with an NlM electron 
capture detector and capable of tem­
perature programming. The Sigma 4 
is a dual channel, isothermal GC.

The chromatography was carried 
out under the following conditions: 
column packing, Chrpmosorb W 
HP; column toad, 4% OV-22S; mesh 
sin, 60-00; column material, glass; 
column sise: 1.1 m x 4 nun; carrier 
gas, argon: methane, 95:5; carrier

MGNS

flow. 30 mL/min; oven temperature,
225 *C; auxiliary temperature,
373 *C; standing current of etactran 
capture detector. 0.5.

No data reduction wee pafprmed 
on the gas chromatographs: Thtout­
put signals were tai’-dkmQt hno e 
computer.

Sample cleanup and peaparution

Rapid analysis was repaired for 
the large numbers of templet. For 
the first analyea, sample cleanup 
was performed on a packed Plororil 
column. But, because using Florastl 
packing is a very laborious proce­
dure, at this time only dirty or high 
samples (greater than 500 ppm of 
PCB) or samptas giving poor chro­
matograms were cleaned. This proce­
dure war changed for later PCB aam- 
pta. Ail inter analytes were pa- 
formed using Sep-Paks (Waters 
Associates) which are FlorocB units 
in small disposable packets, This 
eliminated the need for cohuna prep­
aration.

The preparation procadnre was a 
follows: 100 jiL of sample were dis­
pensed on e previously weighed Scp- 
Pak. The loaded Sep-Pak wee than 
reweighed. Next the sample was 
diued with 25 mL of hexane, using a ^ 
syringe, directly into a 25-mL vol­
umetric flask.
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The recovery was found to be ex­
cellent (r«M* /). A sample known to 
be clean gave tha same chromato­
gram bosh before and after deenup. 
It wu concluded, therefore, that no 
PCBe were loet. A known dirty sam­
ple save a well-reeolved ebromato- 
gram aher dsonup (Ffgtrcw 1 ~4j.

Stmdtrds

Originally the transformer oils 
were identified by trade asms, nab* 
as standards Askasal, Insrteea. and 
Pyranol, which era dUfaeeac sUa- 
turea of PCBa km all centals sham 
30*h trlchlorobmeane. Later, far
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Figure 3 A very poor cnromttogram batora tampla ciaanup.

Figure 4 Sampta f/t Figure 9 attar efaanup. Nota tha hfgtify Improvad raaolu- 
don, and much cfaanar ohromatogram at a raault of tfia ciaanup procedure.

consistency in reporting, the Aro* 
don 1242, 1254, and 1240 ware 
used. Recently Arodort 1016 end 
1221 were added. Now commercial 
Arodor standard# of 1000 ppm in 
isoctane art used.

The standard# were prepared by 
diluting to 2 ppm PCS in hexane.

This is equivalent to taking 0.1 g of 
oil containing 500 ppm PCB, and di­
luting to 25 tnL with hexane. Five 
mkroUters of the standard, contain­
ing 20 ng PCB, were injected into the 
chromatograph. Standardization 
was performed, and the standard 
usually hcM with very little drift.

Now, improved Mark III ZJppatts 
diepaneare are highly roaletant to 
breakage. Tha boroaiiieata giaaa 
syringe ia ancaaad In protective 
polypropylene. Oeltvery velvet ere 
positioned within the reservoir for 
added sefety. The delivery tip ie 
secured by a rigid platform to 
eliminate dislodging by accident. 
Dispensing range fully adluatebie 
throughout syringe capacity. Five 
sizes available: 0-0-5 ml, 0-9 mi, 0-10 
ml, 0-30 ml, 0-50 ml. Fully 
autociavabie without disassembly. 
Available with low profile, sntMtp, 
safety reservoir of amber glees, or 
one gallon amber plastic coaled 
bottle for the 0-30 ml and 040 ml 
sizes. Screw threaded adapters for 
use with common laboratory con­
tainers are available.

For complete information, sand for 
the Wheaton Zlppette brochure. Tel: 
900425-1400, extension 2232.
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Datt reduction
An HP 3354 LAS computer was 

used for data reduction. The com­
puter it a real-time on-line system 
with instrument and autosampler 
control and It compatible with any l- 
volt analog instrument output. In 
(hit cam, it received data directly 
Tram the gae chromatographs.

Hie computer was programmable 
in BASIC, allowing for individual 
data analysis. The system-level lan­
guage was a user-oriented conversa­
tional language for peak-integration 
analysis.

Calculation and Arocior selection 
were done as follows. The computer 
searched for 5 key standard peaks 
for each Arocior of interest. It also 
calculated a concentration for each 
Arocior based on total peak area. 
Each standard peak was calibrated 
at total concentration, ail 3 peaks 
averaged, and a relative standard de­
viation (BSD) calculated. An error 
factor was calculated using both the 
BSD and the total-area value. The 
Arocior with the lowest error factor 
was choeen. The computer then 
looked at the % BSD. If it was below 
40%, the mean value was reported. 
If It was above 40%, the total-area 
value was reported (figuns 3 and 6, 
reOfrJ).

There are several reasons why this 
software is so significant. The pro-
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for 1949, aa expected, 
gram is not complex. It is merely ■ 
simple statistical process written in 
BASIC. The computer program wee 
United to identifying rocognlxabie 
Arocior chromatograms, t.g., trans­
former oils. The data were still re­
viewed by a technician, who used the 
printouts to write reports and trou­
bleshoot the instrumentation.

The results of all analyses were 
stored in e data file, and specific runs 
(standards and pertinent runs) could 
be stored la tbrir entirety. Numerous 
utility programs were also available.

For example, files could be mwiip- 
ulated for system operatloa aad tr-

When this project began, PCBs 
were classified into two ripnfleam 
concentration level*. Samples wbh

poenl, stmpt for milsnnmnel m 
entry. Any eamplm greninr than SB 
ppm wart dmriftad ee PCI material*
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Ptfure t Printout foe « sompto.

oils with over SO ppm PCS, a third 
class of concsntratfcm had to bs oh
• •ktlBt.^1 tMiaa. Mfbk MUMMtpa.

required severs rsstrictions. 
Conclusion

done greater than 500 ppm were re­
ferred to as PCB material. Samples 
that were between SO and S00 ppm 
are now labeled PCO-contamlnaied.

In terms of disposal, this dassl- 
flcatlon of the tamplee meant that 
noo-PCB material was dlspoeed of as

Analytical systems designed for 
very large numbers of temples must 
be carefully designed. AH aspects of 
analysis, sample preparation, Instru* 
meat automation, and data reduc­
tion must be considered, both sep­
arately and as a system. Even where

rial required some restrictions re- sary, the savings in labor alone make 
gardlag disposal, and PCB material such a system profitable.

REAGENT-
GRADE

SOLVENTS

Users oI Corco chromatographic, nine- 
tronic and spoctrophomatrie reagent- 
grade solvents Know they can count on 
Corco for highest quality. Reliability, And 
delivery. In pints, gallons, frvo-gaaon*. or 
drums.

At Corco, we’ve bean specialists in 
reagent-grade solvents since 1969- 
end have bmlt our reputation on meeting 
the requirements and speeifteabont of 
our customers. ACS and ASTM

Corco can also provide reagent- 
grade acids, bases, and specialty chem­
icals.

Write or call regarding your specific 
solvent requirements and our complete 
solvent listing in Bulletin 10. Or circle the 
number. '
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