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Background: Accurate identification and quantitation of dioxin-like halogenated aromatic
hydrocarbons (HAHs) in environmental matrices are critical for site assessment, risk assessment, and
environmental monitoring. Although sophisticated cleanup and instrumental analytic procedures are
available to separate, identify, and quantitate individual HAHs, these procedures require specialized
equipment and are both costly and time -consuming. A US Environmental Protection Agency (EPA)
Superfund Innovative Technology Evaluation (SITE) report states that the gas chromatogra ph/mass
spectrometer (GC/MS) analysis of 209 demonstration samples cost approximately $1100 per sample
and took approximately 8 months.
An inexpensive and rapid screening assay capable of detecting and
estimating the relative biological/toxic potency of complex mixtures of
dioxin-like HAHs in numerous matrices would greatly facilitate exposure and
epidemiological analysis and screening for HAHs. With support from the
Superfund Basic Research Program, Dr. Michael S. Denison at the
University of California, Davis and Dr. George C. Clark of Xenobiotic
Detection Systems (XDS), have developed a rapid and inexpensive
recombinant cell bioassay system for the detection and relative quantitation of dioxin-like chemicals in
sample extracts that is amenable for large scale screening analysis.
In May 2007, the EPA's Office of Solid Waste (OSW) Organic Methods Workgroup formally reviewed
and approved the draft Method 4435 for inclusion into Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, also known as SW -846. The XDS-Chemically-Activated Luciferase gene
expression cell bioassay system (XDS-CALUXÂ®) for dioxin-like chemicals, will soon be published and
will be posted under "new methods" on the SW-846 website .
Advances: Drs. Denison and Clark and their laboratories designed the XDS-CALUXÂ® bioassay on
knowledge of the molecular
mechanism of toxicity of dioxin-like
HAHs. They used recombinant
technology to place the firefly
luciferase gene under the control of
the Ah Receptor (AhR) and inserted
it into a mouse cell line. The
bioassay uses the cell line to detect
the presence and level of dioxin-like
HAHs in a sample as these
compounds bind to the AhR, which
then localizes in the nucleus of the

cell and binds to dioxin responsive elements (DRE) inducing expression of firefly luciferase. The
enzymatic activity of luciferase leads to the production of light that is easily measured. Dioxin-like
HAHs present in extracts of environmental matrices are determined following sample processing
methods. The assay responds in a time -, dose-, and AhR-dependent and chemical-specific manner.
The XDS-CALUXÂ® bioassay is sensitive to <1 part per trillion for dioxin/furan and polychlorinated
biphenyls (PCB) analyses. The bioassay is applicable to: biological matrices including blood (whole
serum and extracts), breast milk, and tissues extracts; environmental matrices including soil and
sediment, ash, and pulp and paper; and food matrices including animal fats (oil and fats), milk and
butter, and animal feeds.
Drs. Denison and Clark have been working to fine-tune the assay for nearly 10 years and have made
it available to the research and regulatory communities. Accordingly, the use of the patented
technology (US patents 5,854,010 and 6,720,431) has been spread throughout the world:

•

1999 - 500 tons of feed contaminated with approximately 50 kg of PCBs and 1 g of dioxins
were distributed to animal farms in Belgium. Shortly afterwards the Belgian government
licensed the XDS-CALUXÂ® bioassay for the detection of dioxin-like chemicals in order to
protect their residents and food supply.

•

June 2000 - XDS licensed the Hiyoshi Ecological Services Company (Hiyoshi Corporation of
Japan) to use their technology. Since then, Hiyoshi has become an international leader in
using the XDS-CALUXÂ® bioassay and has contributed to licensing of this valuable technology
to other countries in Taiwan, China, Vietnam, and Laos.

•

October 2001 - the Food and Drug Administration (FDA) Office of Regulatory Affairs, Arkansas
Regional Laboratory signed a licensing agreement to use the XDS-CALUXÂ® bioassay for
investigation as a new technology in the detection of dioxin-like compounds.

•

August 2002 - the Belgian government's accreditation service certified XDS' patented bioassay
technology as a valid and accurate method for screening detection of chlorinated
dioxins/dibenzofurans and PCBs. As a result of the certification, the XDS-CALUXÂ® bioassay
licensed by the Belgian government is now an accepted method throughout the European
Union for the screening detection of dioxins and PCBs in food products, and has been widely
used for the analysis of biological and epidemiologic studies.

•

January 2005 - the XDS-CALUXÂ® bioassay was selected by the government of Poland as a
screening tool for detection of chemical contamination of their feed and food supply.

•

May 2005 - XDS was invited to participate in the US EPA's SITE Program. The XDS-CALUXÂ®
bioassay was evaluated in the program study and was an outstanding performer.

•

September 2005 - the Minister of the Environment, Japan, promulgated a ministerial
notification designating the XDS-CALUXÂ® bioassay as a concrete simplified method in
accordance with the law concerning special measures against dioxins.

•

May 2007 - the EPA OSW Organic Methods Workgroup officially approved the XDS-CALUXÂ®
bioassay for publication in SW -846.

Significance: The XDS-CALUXÂ® bioassay analyses costs are 40%-70% lower than GC/MS analyses.
In the EPA SITE study, the XDS-CALUXÂ® analysis took 1.5 months to analyze 209 samples vs. 8

months for the GC/MS analysis. These substantial savings make XDS-CALUXÂ® an excellent screening
tool and give researchers, laboratories, and government agencies the option to reduce the use of
expensive GC/MS analyses in conjunction with the XDS-CALUXÂ® results to estimate if dioxin levels
are above client-established threshold levels.
The EPA OSW Organic Methods Workgroup, by accepting the method for publication in SW-846,
approves the bioassay for use in conducting the evaluations and measurements needed to comply
with the Resource Conservation and Recovery Act (RCRA). Because other countries look to the US EPA
for approval or va lidation of methods before they are implemented, the inclusion of XDS-CALUXÂ® in
SW-846 is a very important step in getting the technology used throughout the US and world.
Development of the XDS-CALUXÂ® technology was funded in part by Superfund Basic Research
Program Grant ES04699, and by NIEHS Small Business Innovation Research Grants ES 08372-01 and
ES 08372-03.
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