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ABSTRACT

This program is the Idaho National Engineering Laboratory (INEL) component
of a joint collaborative effort with Lawrence Livermore National
Laboratory (LLNL). The purpose of this effort is to demonstrate a viable
process for breaking down hazardous halogenated organic wastes to simpler,
non-hazardous wastes using high energy ionizing radiation. The INEL
effort focuses on the use of spent reactor fuel gamma radiation sources to
decompose complex wastes such as PCBs. At LLNL, halogenated solvents such
as carbon tetrachloride and trichloroethylene are being studied using
accelerator radiation sources.

The INEL irradiation experiments concentrated on a single PCB congener so
that a limited set of decomposition reactions could be studied. The
congener 2, 2', 3, 3’, 4, 5, 6, 6’-octachlorobiphenyl was examined
following exposure to various gamma doses at the Advanced Test Reactor
(ATR) spent fuel pool. The decomposition rates and products in several
solvents are discussed.



A. INTRODUCTION

Work at INEL during 1988-1989 demonstrated that many compounds were
susceptib]ilso decomposition by exposure to gamma-rays at the ATR spent
fuel pool. Among the compounds studied were chloroform, carbon
tetrachloride, DDT, lindane and commercial Aroclor mixtures. A Varian
2740 GC using either OV-101 or 0Y-210 packed columns in conjunction with
an FID was used to compare before and after chromatograms for samples
exposed to megarad (kilogray) radiation doses. Aroclor 1221 peaks were
shown to ne?f}y disappear following a 50 kGy irradiation. This is shown
in Slide 1. A schematic of the sample irradiation capsules is shown
in Slide 2.

It was then decided to employ GC/MS methods to identify decomposition
products. The PCB 2,2’3,3’4,5'6,6’-octachlorobiphenyl is the sole
congener which has been investigated in these studies. Study of a single
congener rather than commercial Aroclor mixtures is preferred because the
complexity of Aroclor GC/MS chromatograms precludes meaningful
interpretation. A highly chlorinated congener was selected as a
"worst-possible-case" candidate {or treatment.

These studies have been performed in collaboration with LLNL since the
beginning of FY-91. Our LLNL colleagues are studying chlorinated solvents
such as CCl, and TCE using accelerator generated radiation.
Octachlorobiphenyl has also been irradiated with accelerators at LLNL to
compare decomposition efficiencies for different gamma-ray energies.

These samples are currently being analyzed.

The LLNL contact for these experiments is Dr. Steve Matthews, Lawrence
Livermore National Laboratory, P. 0. Box 808, Mail Code L-629, Livermore,
CA 94550.

B. OCTACHLORGBIPHENYL EXPERIMLNTS

The congener 2,2',3,37,4,5’,6,6”-octachlcrobiphenyl in isopropanol was
subjected to irradiations of varying length to evaluate the effect of
total applied dose on PCB decomposition. Duplicate irradiations at five
different applied doses were analyzed and the resultant PCB concentrations
were plotted versus dose. This plot, shown in Slide 3, shows a steady
decrease in octachlorobiphenyl concentration with dose to 100 kGy. At 100
kGy the octachlorobiphenyl is present at only three times the detection
1imit of approximately 1% by GC/MS. The concentrations shown are based
upon the ratio of the peak areas to the known starting concentration (42
ppm) of the original isomer. The GC/MS protocol in use at this time was



EPA Method 827( (semivolatile organics) and thus was not specifically
calibrated for PCBs. The uncertainty of these measurements is +30%.
Octachlorobiphenyl decomposition products detectable by this method were
less chlorinated PCB congeners representing products of a dechlorination
reaction. Slides 4-6 show decomposition product in-growth curves versus
dose. These data may be reviewed in detail in (2).

Upon mass balance analysis of the various PCB congeners in these curves it
can be seen that production of total dechlorination products is
nonstoichiometric. Ninety-seven percent of the octachlorobiphenyl was
decomposed at 100 kGy yet the appearance of dechlorination congeners
accounts for only 12% of the missing PCB. This indicated decomposition of
octachlorobiphenyl to compounds 1ighter than phenol which are not
detectable by the GC/MS method used in this study. At 100 kGy 85% of
total PC3s was decomposed to compounds not detectable by the method.

In the most recent experiments octachlorobiphenyl was irradiated in three
different diluent solutions at concentrations of 40-50 ng/ul. These
solutions were isopropanol, methanol and transformer o0il. Plots of
octachlorobiphenyl decomposition versus dose for methanol and isopropanol
are shown in Slide 7. Note that the decomposition reaction in methanol
appears to be more dose efficient than that in isopropanol. This may be
due to the higher dielectric constant of methanol. The decomposition
reaction is a dechlorination and is knng g? be catalyzed by free radicals
produced by irradiation of the solvent.\°~ These free radicals have a
longer ]ife-tiTg and hence higher probability of reaction, in a more
polar solvent. ) This suggests an interesting field of investigation
and suggests that analyte decomposition efficiencies may be improved by
raising the dielectric constant of the matrix.

Results for these measurements are shown in terms of concentration since
the EPA Method 680 (PCBs and Pesticides) specific to PCB analysis is now
being used. The uncertainty of these measurements is +30%.

Presented in Slide 8 is a plot of decomposition products detectable by
GC/MS versus dose for isopropanol. These are the products of the
dechlorination reaction and are less chlorinated PCB homologs. }hese
curves are in agreement with those generated in previous work. (2)" When

a mass balance analysis is performed only 13% cf the original PCB mass can
be accounted for following a 100 kGy irradiation. Clearly, reactions
other than simple dechlorination are occurring at these doses. Slide 9
shows graphically that the polychlorinated biphenyl decomposition products
produced in isopropanol do not account for the octachlorobiphenyl which
has been destroyed.

Slide 10 shows analogous data for octachlorobiphenyl irradiations in
methanol. Only 6% of the original octachlorobiphenyl mass can be
accounted for by PCB decomposition products detectable by GC/MS.



In an effort to determine the fate of the missing decomposition product
mass a series of irradiated isopropanol and methanol solutions of
octachlorobiphenyl were subjected to Volatile Organics Analysis (VOA).
This analysis is designed to detect and quantify decomposition products
with masses too low to be seen by the GC/MS PCB protecol. Numerous
reaction products appeared in these analyses of which the majority can be
traced to the interaction of radiation with the solvents. As an example,
Stide 11 shows the production of 2-methoxypropane and acetaldehyde in
isopropanol solutions versus dose. While these reactions are not directly
related to PCB decomposition they may provide information concerning free
radical production and thus information concerning possible PCB
decomposition mechanisms. The only chlorinated volatile organic product
detected in either irradiated methanol or irradiated isopropanol
octachlorobiphenyl solutions was dichloromethane (methylene chloride).
This product appeared consistently but without trend. It is unknown
whether this product is due to direct decomposition of PCB or due to
chlorine recombination with other products. Slide 12 shows data
concerning dichloromethane production versus dose. It should be noted that
the collaborative effort at LLNL has shown that dichloromethane itself is
susceptible to r9?io1ytic degradation to the point of total
mineralization.{

The previous results clearly demonstrate the viability of PCB
decomposition is alcoholic solvents. However, PCBs in "real-world"
samples are generally found dissolved in oil. The 2, 2", 3, 3, 4,5, b,
6'-octachlorobiphenyl was therefore irradiated at various applied doses in
transformer 0il. These preliminary results are shown in Slide 13.
Clearly, the process is capable of decomposing octachlorobiphenyl in oil.
A dose of 100 KGy decreased octachlorobipheriyl concentration by a factor
of ten.

C. CONCLUSIONS AND FUTURE WORK

Irradiation experiments performed in FY91 have confirmed initial results
presented in (2) which demonstrated the radiolytic PCB decomposition
concept. Further, the new data suggests that decomposition is more
efficient in more polar solvents. A series of samples in various solvents
has been prepared for irradiation at a single dose to demonstrate this
effect. Should this experiment be successful it would suggest that a PCB
contaminated solvent (such as o0il) of low dielectric constant may be
treated at lower doses simply by mixing with a high dielectric constant
solvent. Irradiations will be performed to verify this.

The fate of much of the octachlorobiphenyl mass following irradiation is
still unknown. The only chlorinated product discovered by VOA was
dichloromethane. It occurs at low concentrations. The Tack of an
identifiable trend in dichloromethane production is of concern. These
experiments will be repeated with better control over headspace volume in
the samples.

Some advantages of using ionizing radiation as a waste treatment tool are
summarized in Slide 14.



1. Meikrantz, D. H., and Mincher, B. J.,

REFERENCES

2. Mincher, B. J., Meikrantz, D. H., Murphy, R. J., Gre
Connolly, M. J., Applied Radiat. Isot., in press.

3. Evans, R., Nesyto, E.

Phys. Chem., 15, 276

4. Sherman, V. W., Evan
Nature, 232, 118.

5. Sawai, T., Shimokawa
Jpn., 47, (8), 1889.

6. Butler, J., Land, E.
Chem., 24, (1/4), 27

W., Loftis, J. A., J
Meikrantz, D. H., Mu
High Energy Irradiat
Society Internationa

7. Matthews, S. M., Boegel, A. J.,

2.

Unpub]ished results, 1988.

sham, G. L., and

, Radlowski, C., and Sherman, V. W., (1971), J.

s, R., Nesyto, E., and Radlowski, C., (1971),

, T., and Shinozake,

Y., (1974),

Bull. Chem. Soc.

J., and Swallow, A. J., (1984), Radiat. Phys.

3.

Eccles, S. F., tlomann, S. G., Rice, D.

ovanovich, M. C., Caufield, R. A., Mincher, B. J.,

rphy, R. J., Gresham,
jon of Chlorinated Hy
1 Topical Conference,

Radioanlaytical Chemistry 11, Kona, HI, A

G. L., and
drocarbons,
Methods an
pril 21-27,

Connolly, M. J.,
American Nuclear
d Applications of
1991.



G5 0 O OO NN O i I G

Detector response

SLIDE 1

I
A
I
A
24
{é
O
(@8
192
2
G
o
Q
L
o
8
B
B .
B \,\_\
l 1
i >0 5.0
Time (min) Time (min)

@) (0)

AROCLOR 1221 DECOMPOSITION IN HEXANE
a) before irradiation, b) following 50 kGy.




7cm<

SLIDE 2

e —
-

Sample

____/

24

mple vial (glass)

O-Ring

p-on cap

™~ Stainless steel
irradiation capsule

22— Rubber pad

J

3.2 cm

2.9014



SLIDE 3
OCTACHLOROBIPHENYL DECOMPQOSITION VS. DOSE
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SLIDE 4

INGROWTH OF
HEPTACHLOROBIPHENYLS VS. DOSE
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SLIDE 5
INGROWTH OF
HEXACHLOROBIPHENYLS VS. DOSE .
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SLIDE 6

INGROWTH OF
TOTAL PRODUCT CONGENERS VS. DOSE
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SLIDE 7
OCTACHLOROBIPHENYL DECOMPOSITION VS DOSE
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SLIDE 8

i INGROWTH OF DECHLORINATION PRODUCTS IN ISOPROPANOL
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SLIDE 9

OCTACHLOROBIPHENYL DECOMPQOSITION AND DECHLORINATION
PRODUCT INGROWTH VERSUS DOSE
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SLIDE 10

INGROWTH OF DECHLORINATION PRODUCTS IN METHANOL
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SLIDE 11
FORMATION OF ISOPROPANOL RADIOLYSIS PRODUCTS VERSUS DOSE
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SLIDE 12

DICHLOROMETHANE PRODUCTION VERSUS DOSE
IN SOLUTIONS CONTAINING OCTACHLOROBIPHENYL

CONCENTRATION (NG/uL)
CONCENTRATION FoLLOWING AppLIED Dose OF:

(NG/uL) 10 30 50 80 100
INITIAL kGy «kGvy _kGy _kGy _kGy
METHANOL 0.1 0.7 4.0 0.6 1.5 7.4

ISOPROPANOL 0.5 1.1 1.4 17.4 1.8 4.4



SLIDE 13
OCTACHLOROBIPHENYL DECOMPOSITION VS DOSE IN OIL
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ADVANTAGES OF IONIZING RADIATION DECOMPOSITION

1. IonxzING RADIATION CAN TREAT A WIDE RANGE OF
HALOGENATED WasTeEs FrRoM TCE 10 PCBsS.

1 2. PROCESS IS INHERENTLY SELECTIVE TO RZ=ACTIVE
: CoOMPOUNDS.

3. Process (DOSE) IS EASILY CONTROLLED.

4. PROCESS MINIMIZES GASEOUS AND PARTICULATE
EFFLUENTS.

5. IN-SITU DESTRUCTICN POSSICLE IN MANY
WASTE SITUATIONS.

6. EXISTING TECHNOLOGY EMPLOYED FOR SOQURCES
OoF IoNxzING RADIATION VIA TWO METHODS

A. ACCELERATORS WHERE SPENT FUEL IS NOT
AVAILABLE OR PRACTICAL.

B. SPENT FUEL
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