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ABSTRACT

Modifications of conventional sample preparation and
analytical methods are necessary to provide radiation
protection and to meet sensitivity requirements for
regulated constituents when working with radioactive
samples. Adaptations of regulatory methods for
determining "total" Toxicity Characteristic Leaching
Procedure (TCLP) volatile and semivolatile organic; and
pesticides, and for conducting aqueous leaching are
presented.

I. INTRODUCTION

Direct application of SW-846 sample preparation and
analysis methods' to the characterization of radioactive
mixed wastes (RMW) can result in unacceptable radiation
exposure of personnel and the contamination of facilities
and equipment. Adherence to the ALARA principle
(keeping radiation exposure as low as reasonably
achievable) requires that methodologies be adapted when
handling radioactive materials. This paper describes
modifications made to some TCLP and SW-846 methods.

From an ALARA standpoint, the direct (or "total")
analysis of radioactive wastes for toxiciry characteristic
constituents (allowed by the TCLP, SW-846 method 1311)
is preferred over leachate generation and analysis. This
eliminates the extra sample handling and waste generated
in the aqueous leaching. SW-846 preanalytical sample
preparation methods have been scaled-down and SW-846
gas chromatography (GC) and high performance liquid
chromatography (HPLC) determinative methods have been
adapted. Sample amounts have been scaled-down to
reduce sample radioactivity, but the chemistry of the SW-
846 methods has been preserved. This reduction in scale
also is necessary to accommodate the limited amount of
sample which can be collected from nuclear waste tanks;
however, the TCLP Regulatory Limits can still be met by
the determinative methods.
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II. DETERMINATION OF TOTAL TCLP TOXICITY
CHARACTERISTIC ORGANIC CONSTITUENTS

The TCLP organic analytes have been regrouped for
determination using three analyses: volatile organics,
electron-capturing pesticides and halogenated/nitrated
semivolatiles, and acidic semivolatiles. These analyses
are conducted as described below. All sample
preparations are conducted in radiochemical hoods, glove
boxes, or hot cells, depending upon the radionuclides
present in the sample and their specific activities. All
extracts are analyzed for gross a and 0 activities, and
their containers are screened by Health Physics probe and
smear methods before they are transported to the
analytical instrumentation labs.

A. Volatile Organic Compounds

Toxicity Characteristic or Target Compound List
volatile organic compounds (benzene, carbon
tetrachloride, chlorobenzene, chloroform, 1,2-
dichloroe thane, 1,1-dichloroethylene, methylethylketone,
tetrachloroethylene, trichloroethylene, vinyl chloride, and
pyridine) are determined in solids or liquids using SW-
846 purge and trap gas chromatography-mass
spectroroetry (P/T-GC-MS) method 8240 or 8260. There
are three sample preparation options. Laboratories
lacking a P/T-GC-MS in a radioactive contamination area
lab can perform a 30 min. ultrasonic extraction of a few
g of solid in methanol at a 1:1 (solid/liquid) ratio. This
is an adaptation of the methanol extraction high
concentration SW-846 method 5030, and is described in
the DOE Methods Compendium2 method OP020R. Purge
and trap is conducted using at least 65 /KL aliquots of the
extracts or of liquid wastes in order to meet TCLP
Regulatory lLmits. Smaller volumes may be used if the
radioactivity is too high or if higher detection limits are
acceptable. Matrix spike and surrogate standard
recoveries from depleted and enriched uranium-
contaminated wastes (representative data for sump cake
are listed in Table 1) have generally been very good, and
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usually within the SW-846 or Contract Laboratory
Program (CLP) QC Acceptance Limits for soil. The
relevance of these limits to RMW analyses has yet to be
established, but they are a convenient benchmark for
method performance evaluation. As an alternative, the
methanol extracts^ 6r liquid wastes are subjected to a
preliminary pwge and trap in a radiochemical hood or
glove box, ja'd the traps are transported to the GC-MS lab
for desprption and a second purge and trap3 of the
voUtfles, as described in the DOE Methods Compendium

,nwthod OP030R. Matrix spike and surrogate standard
S recoveries (see Table 1) using this method are not quite as

high as those achieved using the direct P/T-GC-MS
method because of the additional sample manipulations,
but most meet SW-846 or CLP QC Acceptance Limits for
soil or water. Bromofluorobenzene, the least volatile of
the surrogate standards, was not purged as efficiently in
the off-line apparatus. The most direct analysis is
achieved by installing the purge apparatus in a
radiochemical hood or glove box and interfacing it with
a trap unit and GC-MS located outside of containment.
This arrangement provides good radiation protection,
while facilitating access to the units most likely to require
maintenance and repair.

B. TCLP SemivoJatile Organic Compounds and
Pesticides

The semivolatile organic Toxicity Characteristic
compounds are divided into two groups for analysis:
neutral electron-capturing semivolatiles (Chlordane,
Endrin, Heptachlor and its epoxide, hexachlorobenzene,
Lindane, Methoxychlor, and Toxaphene, 1,4-
dichlorobenzene, 2,4-dinitrotoluene, hexachloroethane,
hexachlorobutadiene, and nitrobenzene), and the acidic
semivolatiles (the three cresols, 2,4,5- and 2,4,6-
trichlorophenols, pentachlorophenol, 2,4-D, Silvex, and
2,4,5-T). The former are extracted from 1 g of solids
using three simple 10 min. ultrasonic bath extractions with
metfaylene chloride (modification of SW-846 method
3550). Liquids (200 mL) are extracted using methylene
chloride in a manner similar to SW-846 method 3510.
After solvent exchange into hexane, the extracts are
analyzed for neutral electron-capturing species using GC
with electron capture detection in a combination of SW-
846 methods 8121, 8081, and 8090, as described in DOE
Methods Compendium method OG100R. Matrix spike
recoveries have been very good, as illustrated by the data
for a surrogate radioactive waste water process sludge
(see Table 2). A portion of the extract is solvent
exchanged into methanol, and the acidic TCLP
semivolatiles are determined by reverse phase HPLC
using gradient elution and ultraviolet absorbance detection
at 280 or 235 run (DOE Methods Compendium method

OH100R). For analysis of aqueous wastes (or TCLP
leachates of wastes), extraction, concentration, and
derivatization are not required because the sample is
directly injected into the HPLC. Thus, there is
considerably less radiation exposure to the operator and
less secondary laboratory waste generated. Data for a
simulated TCLP leachate are listed in Table 2.

Degradation of the more acidic chlorophenols
occurred when they were spiked into highly alkaline liquid
sample matrices. Extraction of these same compounds
from highly alkaline, nitrate-containing nuclear tank
waste sludges also has been problematic. Very low
extraction recoveries were achieved and new
chromatographic peaks appeared; the latter probably
corresponded to phenol degradation products. Oxidation
and nitration of phenols have been observed by several
investigators, and recent work at the Pacific Northwest
Laboratory has shown4 that nuclear waste tank sludges
must be buffered (determined from a preliminary titration
of the sludge) before adding the spikes and performing the
extractions. This observation of matrix reactivity raises
the question of whether phenols should be considered a
regulatory issue in alkaline nuclear wastes.

HI. ADAPTATION OF TCLP LEACHING
PROCEDURES

If leaching tests are requested (e.g., when the total
analysis suggests that the regulatory limits for leachates
may be exceeded), the equipment and sample size for the
TCLP leaching have been reduced in scale to
accommodate sample radioactivity, as suggested by the
joint Environmental Protection Agency-Nuclear
Regulatory Commission Proposed Guidance Document on
the Testing of Mixed Radioactive and Hazardous Waste3.
For several years, our laboratory and several other
Department of Energy laboratories have conducted the
nonvolatile leaching on a reduced scale (10 to 20 g instead
of the 100 g specified in SW-846 method 1311) in glove
boxes and hot cells. Small glass or plastic bottles and
small tumblers that are commercially available are used in
these procedures. However, the volatile compound
leaching using the zero headspace extractor (ZHE) is
much more difficult to adapt for operations under
containment or shielding because of the weight of the
massive ZHE and the numerous fine parts which are
difficult to disassemble, clean, and reassemble. A small-
scale ZHE has been developed using an inexpensive 100
mL gas syringe, Luer-lock valve, and syringe filter
assembly. Sample masses in the 1 to 5 g range can be
readily leached in this apparatus, and they are exposed
only to glass, stainless steel, and Teflon. The tumbler has
been designed specifically for glove box and hot cell



operations and to meet laboratory safety requirements.
An exploded view of the equipment is shown h Hgure 1.
Special features include a simple hinged clamp holder for
the ZHE syringe and a lever arm to hold the syringe
plunger in place during tumbling and to force leachate
through the filter cartridge for collection after tumbling.
Compatibility with the heavy gloves in glove boxes and
the remote manipulators in hot cells was a key design
requirement. Occupational Safety and Health
Administration and other internal safety requirements for
electrically-powered equipment with rotating parts have
been incorporated into the design. A prototype has been
constructed, and its performance is being compared with
the SW-846 method 1311 ZHE on nonradioactive
samples. In initial experiments, no differences between
this adapted ZHE and the method 1311 ZHE were
observed with regard to preventing losses of leached
volatiles and protecting the leachate from contamination
or artifact formation.

IV. CONCLUSIONS

Conventional sample preparation and analysis
methods can be successfully adapted to the requirements
of radioactive mixed wastes. Total analyses of the wastes
are preferred to leachate generation and analysis.
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Table 1. Representative Matrix Spike and Surrogate Standard
Recoveries from the Total Analyses of Mixed Wastes

Method

MeOH Extraction,
P/T-GC-MS

Off-Line P/T-GC-
MS

Matrix
(Number of Samples)

Enriched U Sump Cake (6)

Enriched U Sump Cake (34)

Nuclear Waste Tank Liquid
(20)

Nuclear Waste Tank Liquid
(65)

Spike (ppm)

1,2-Dichloroethane (50)

Trichloroethene (50)

Benzene (50)

Toluene (50)

Chlorobenzene (50)

Toluene-d, (50)

Bromofluorobenzene (50)

1,2-Dichloroethane-d, (50)

1,1-Dichloroethene (0.05)

Trichloroethene (0.05)

Benzene (0.05)

Toluene (0.05)

Chlorobenzene (0.05)

Toluene-d, (0.05)

Bromofluorobenzene (0.05)

1,2-Dichloroethane-d4

(0.05)

Avg. Recy.
(STD), %

94 (23)

82(7)

81(7)

73 (10)

86(8)

95 (12)

102 (12)

76(11)

105 (18)

87 (14)

89 (15)

81 (20)

67 (13)

89 (17)

59 (15)

81 (11)



Table 2. Matrix Spike and Surrogate Standard Recoveries from Synthetic Wastes or Leachates

Method

Ultrasonic Xtn.,
GC-ECD

Direct HPLC

Matrix
(Number of Samples)

Surrogate Waste Water
Process Sludge (6)

Surrogate Waste Water
Process Sludge (18)

TCLP Leaching Fluid
(3)

Spike (ppm)

Chlordane (0.6)

1,4-Dichlorobenzene (10)

Toxaphene (10)

Hexachloroethane (0.04)

Nitrobenzene (0.04)

Hexachlorobutadiene (0.04)

2,4-Dinitrotoluene (0.04)

Hexachlorobenzene (0.04)

Lindane (0.04)

Hepuchlor (0.04)

Heptachlor Epoxide (0.04)

Endrin (0.04)

Methoxychlor (0.04)

Tetrachloro-m-xylene (10)

Decachlorobiphenyl (10)

m + p-Cresols (10)

o-Cresol (5)

2,4-Dichlorophenoxyacetic
Acid (5)

2,4,5-Trichlorophenoxy-
propionic Acid (5)

Silvex (1)

2,4,5-Trichlorophenol (5)

2,4,6-Trichlorophenol (2)

Pentachlorophenol (10)

Avg. Recy.
(STD), %

98 (0.98)

90 (7.5)

82 (1.6)

69(11)

71(7.1)

89 (3.4)

106 (5.0)

117(7.6)

100 (0.82)

123 (1.8)

119(2.2)

131 (3.7)

109 (1.0)

99 (8.9)

83 (19)

102 (1.0)

89 (6.2)

91 (7.7)

89 (1.7)

98 (11)

96 (6.5)

128(11)

96 (8.9)



OUNl TJWGWM Rf»f,7

Fig. 1. Exploded View of Tumbler with ZHE Syringes


