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POLYCHLORINATED BIPHENYLS IN SOLID WASTE
AND SOLID-WASTE-RELATED MATERIALS

R. A, CARNES. J. U. DOERGER, and H. L. SPARKS
Office of Research and Monitoring
U.S. Environmental Protection Agency
Netional Environmental Rescarch Center
Solid Wasre Rescarch Laboratory
Cincinnarl, Olio 45268

Municipal refuse along with various solid~waste processing samples were analyzed
for polychlorinated biphenyls tPCBs). In all cases, the samples required drying. par-
ticle—size reduction, separation of extraneous material, and extraction with an of-
ganic solvent. The extiacts were cleaned—up by chromatography and analyzed by
gas chromatography. The qualitative results obtained indicate (hat PCBs were
present in several of the samples analyzed. These results are consistent with findings,
by other investigators, that there is PCB contaminztion in many party of vhe Tnviron-
ENMT AN TNCY indicale that disposal of solid wasie contributes to this contamination.

Recently, ana]ys(§ involved with cnvircnmental pollutants have come 10 realize that
polychlorinated bizlinls (PTD5) aie Wil distiibuted i the environment {Risebrougn
et al. 1969). These compounds were not discovered in the environment until 1966,
Sweden, and 1967, in the U.S., despite the fact that they have been available commercially
for 40 years (Gustafson 1970). Concentrations of PCBs in fish and birds are highest in
such indusirial outfalls as San Francisco Bay and San Diego Bay, and concentration
gradients apparently exist from these areas to more remote regions (Risebrough 1968,
Risebrough et al. 1968).

Polychlorinated biphenyls are produced by vaiious manufacturers in a numbe:r of
counitries. Some of them are marketed under the name of Aroclor® (a mixture of
chlorinated terphenyls) by Monsanto Chemical Co.. St1. Louis. They represent *“a serics of
inert, chemically—resistant, fire—retarding plasticizers compatible with a wide variety of
resins” and they vary ‘‘from mobile, oily liquids to white crystals and hard transparent
resins” (Monsanto Co. 1968). They are used in synthetic resins, synthetic and natural
rubbers, cellulose resins, point, varnish, wax, asphalt, and in ally] starch. They also find ap-
plicstions for dust prevention, moisture proofing, sealing, impregnation, and vapor sup-
piession to prolong the residual life of pesticides (Lichtenstein er al. 1969).

The objective of this study was to analyze for PCBs in municipal refuse and in the
products of processed refuse. This involved analyzing samples, of varying geographic
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origin, from a compost plant, raw municipal refuse, incinerator fly ash, incinerator
gascous stack cmissions and residue, and leachate from a sanitary landfill.

Material and mmcthods

Sample preperation. The raw municipal refuse (Saint Bernard, Ohio) was a grab
sample from a 10--cubic vard packer truck which was ground in a large hammennill to
spproximately 17 x 1" in size. Suhsequemtly, the refuse was ground in a Wiley Mill, to
pass through a 2—mm screen, and dried in a laboratory oven at 105°C to constant weight.
After diying, a portion of the sample was weighed ino a pre--extracted extraction
thimble.

The liquid condensate from incinerator stack and the products trapped in ethylence
glycol were obtained from an experimental, high- temperature, low —capacity tcfuse in-
cinerator (located at the Environmemial Piotection Agency facility at Center Hill).
A sample probe was placed in the stack and a portion of the gascous enissions were
diverted through this probe. The diverted emissions were routed through a scries of
water--cooled condensers and then through a gas—diffusion bubbler containing ethylene
glycol. (The cthylene glycol trap was uscd to extract any organic material that may have
been volatilized in the incincration process.) The liquid condenszte was collected und
utilized as a solid-- waste processing sample along with the ethvilene elycaol sample. These
samples, zlerg it the zoaltary landfl deachate evple (Walton, Yo0), weors exiractnd
using the procedure described by the FWPCA Method for Chilorinated Hydrocarbon
Pesticides in Water and Wastewater (U.S. Deparaiment of the interior 1969).

The residue~ and fly—ash samples were collected from municipal incinerators, as listed
in Table I, and were prepured according to a unpublisired procedure of Cohen and Allen
{1972). Bricly, this involved various sorting, grinding, quartering, and drying procedures
designed to reduce the sample size and still obtain 2 homogeneous sample. The final treal-
ment utilized a pulverizer to reduce the sive of particles so that they would pass a 60- mesh
sieve. The pulverized, sicved material was used as the sample for this study.

The compost samples came from the joint U.S. Public Health Service- Tennessee Vatlev
Authority Composting Project at Johuson City, Tennessee. The smnples were all from the
same windrow and werc initially ground and mixed at the compost plant. Before shipment
to this lab, these samples were dried at 100°C: on arrival, the lurge picces of glass,
ceramics, metals, and rocks were removed. The samples were then proacessed in the same
manner as that used to prepare the raw refuse sample for extiaction. Table | shows the
samples used in this study and the gquantity of hibmstory sample exacted.

Analytical mcthods.  All solids werc extracted using a soxhlet apparatus and between
200 and 250 mi of hexane-acetone mixture (9:1 by volume) as the extraction solvent.
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All samples were extracted for at least 12 hours, the solvent evaporated to dryness, and
the residue redissolved in 6% ethyl cther. The PCBs were eluted from a 22—mm | D,
250—mm long column containing a small layer (one-half inch) of anhydrous granular
sodium sulfate followed by a 15—g charge of activated forisil which was then covered
with about three—fourths of an inch of granular sodium sulfate. The eluate was collected
and evaporated to | ml. A portion (usually 100 ul) was applied to a 20— x 20-cm
thin-layer chromatography plate, for further separation, along with several standard PCB
solutions (hexane). The systemn employed was that described by Lichtenstein, et al. (1969).

Table 1. Samples Analyzed for PCB Content

Quantity Evidence
Sample Description exlracted of PCBs
1 Raw municipal refuse 509 g No
(Saint Bernard, Ohio)
2 Liquid condensate from incincrator 250 m! No
stack (Saint Bernard, Ohio)
3 Gaseous emissions from incincrator 300 mlt4 No
stack (Saint Bernard, Ohio)
4 Incinerator residue (ines 90.} g Yes
(Mediz, Pepna)
5 Incinerator residue fincs 2540 g Yes
(Greenwood, S. C.)
6 Incinerator fly ash 115.7 ¢ Yes
(Media, Penna.)
7 Incinerator fly ash 878 g “Yes
(New Orlcans, La.)
8 0—Day compost 50.1 ¢ No
(Johnson City, Tenn.)
9 15-Day compost 630 g Yes
(Johnson City, Tenn.)
10 30-Day compost 1.7 8 Yes
(Johnson City, Tenn.)
11 42-Day compost v 69.3 g Yes
(Johnson City, Tenn.)
12 Finished, screencd compost 76.6 g (Trace)
(Johnson City, Tenn.) :
13 Sanitary landf{ill leachate . 1000 ml No
(Walton, Ky.)

¢ Approximately 19 standard cubic feet of gaseous emissions were passed through this
amount of ethylene glycol.
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This system utilized a 250—p aluminum oxide coating and a heptane—acetone mixture
{99:1 by volumc). After devclopment, the aren of standard PCB spots was sprayed
with a solution of Rhodamine B (0.1 mg/m! in ethanol). covering the extract pottion so
that it was not contaminated by the spray. Fig. 1 shows the chromatographic position of
the PCBs on the chromatographic plate of TLC system employved. The standmd spots
were matked and the area of sample with the samc Rf value as the standard spots was re-
moved and extracted three times with 10~ml portions: of hexanc. The extract was

Solvent Front

Aroclor 1254

Area Etuted

o
Dieldsin & ‘f;
§ v
o.p’-DDD
. . . L] [ . . * . - . L4 » L]

’-b—— Sample Extract ———————————

Fig. 1. Thin laycr chromatogram of PCB and pesticide chemica) standards showing arey
cluted fraom chromatogiaphic plate for POCB analysis. Solvent:  acetane- heptane mixture
{1:99 Ly volume)
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Polychlorinated Biphenyls in Waste Material 31

evaporated to | ml and retained for final analysis by electron—capture gas chromoatog-
raphy (GC). A Barber—Coleman Series 5000 Bench Model Gas Chromatograph’, with
(PH)—electran—capture detector was used. A coiled glass column (4 ft. x 4- mm 1D),
. packed with one percent by weight of SE-30 on 60/80 mesh Gas Chrom Q, was employed,
The GC conditions were: column temperature — 188°C; injection-biock temperature —
185°C: detector temperature — 210°C; gas—repulator pressure — 8 psi; gas - nitrogen, pre-
purified.

All solvents used in the course of this work were of a pesticidal quality suijtable for
pesticide enalysis and the glassware was cleaned with chromic acid before use. Al
thimbles used in the soxhlet extraction were pre—extracted, using the solvent system em-
ployed to extract the samples.

Results and discussion

The results of the electron—capture gas chromatography indicate the presence of
several PCBs in at least thiee of the samples extracted, with most other samples showing
only traces. The data for the compost samples indicate the presence of PCBs: this finding
is not surprising because the compost originated {rom a municipal refuse source that, no
doubt, contained plastics which are associated with PCBs. PCBs are indicated in the
chromatograms from incinerator residue and fly ash, pointing up the hcat—resistant
characterisiics of PCBs. The presence of PCBs in ihe fly ash can also lead to the exisience
of PCBs in gaseous emissions from incinerators; however, they ate not detected in gascous
emissions from the incinerator available during this study. PCBs in the incinerator residue
fines indicate the need for carcful disposal of these materials to avoid further contamina-
tion of soil or ground-water supplies.

. Fig. 2 to Fig. 4 show gas chromatograms obtained from Aroclor standards while Fig. §
! to Fig. 7 show the similar chromatograms obtained fiom saumple extracts. The PC8s in
the samples are tentatively identified as Aroclor 1254 in the incincrator residue fines
(sample 4), Aroclor 1254 and 1262 in the incinerator fly ash (sample 7), and Aroclor
1248 and 1254 on the 42-day compost (sample 11). Table il lists the retention time
for the various peaks of the three Aroclor standards and the retention time (in mm of
chart travel) of various peaks from the samples and shows the similarity in retention
times.

No attempts at quantitation were made due to the difficulty of determining the
amount of PCBs present without the usc of a mass spectrometer.

\ The results reported in this paper indicate that disposal of municipal solid waste is one
way in which PCBs enter the environment.

{ 'Mention of commercial products does not imply endorsement by the U.S. Envisonmental Pro
tection Agency. .
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Fig. 2. Gas chromatogram of 50 ng Fig. 3. Gas chromatogram of 40 ng of Arochilor
of Arochlar 1248 1254
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Fig. 4. Gas chromatogram of 50 ng of Arochlor 1262
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Fig. 5. Gas chromatogram of a 10-pl Fig. 7. Gas chromatogram of a 10-pul
aliguot of extract (1 ml) obtained from aliquot of extract (1 mi) obtained from
incinerator residue fines (sample 4 in 42-day compost (sampie 1] in Table I)

Table 1)
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Fig. 6. Gas cliiomatogram of & 10- ) aliquot of extract (1 ml) obtained from incinerator

fly ash (sample 7 in Table §)
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34 R. A. Carnes et al.

Table 11. Comparison of Retention Times Qbtained for Arochlor Standard Sohetions
and Extracts of Various Waste Samples®

Sample desipnation Re(cnli(;n times (mm chart (ravclr)
Asochlor 1248 16, 18,21,25,28,32.5,36,44,51, 58, 8.
78, 105
Arochlor 1254 28,38,44,51,61,69,81,93, 111,126, 145,
172
Arochlor 1262 37.5,43,51,60,70,75,81.92.5,105.5,
127,149,167, 201, 235, 307
Sample 4, extract 23,27.5,3),37,43,50, 60, 69, 81, 93, 106.
: 128
Sample 7, cxtract 21,23,28,37,43, 49, 00, 70. 74, 80, 91,
_ 105, 126, 148,166, 199, 233, 303
Samplc 11, extiact 18, 23,28,37,43,50,60,09.5.8),93,128,
171
Sample 13, extract 18,24,28,31,37,43,50,60,70,82,93,
106,112, 128,152,170, 207, 240

¢Samplec numbers are those given in Table §. Retention times are measured from the in-
jection point with a chart speed of 2.54 mm/min. The injection point corresponds to the
coordinatc marked "*Responses”, in 1he figures, All retention times vere measured on the
origindl chromatogram. Fig. 4 and Tig. ¢ have been reduced: therefore. the peaks in
these two figures do not occur at the respective retention times given in this table,
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