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Microorganisms maintain the biosphere by catalyzing biogeo-
chemical processes, including biodegradation of organic chemical
pollutants. Yet seldom have the responsible agents and their
respective genes been identified. Here we used field-based stable
isotopic probing (SIP) to discover a group of bacteria responsible
for in situ metabolism of an environmental pollutant, naphthalene.
We released 13C-labeled naphthalene in a contaminated study site
to trace the flow of pollutant carbon into the naturally occurring
microbial community. Using GC�MS, molecular biology, and clas-
sical microbiological techniques we documented 13CO2 evolution
(2.3% of the dose in 8 h), created a library of 16S rRNA gene clones
from 13C labeled sediment DNA, identified a taxonomic cluster
(92 of 95 clones) from the microbial community involved in me-
tabolism of the added naphthalene, and isolated a previously
undescribed bacterium (strain CJ2) from site sediment whose 16S
rRNA gene matched that of the dominant member (48%) of the
clone library. Strain CJ2 is a � proteobacterium closely related to
Polaromonas vacuolata. Moreover, strain CJ2 hosts the sequence of
a naphthalene dioxygenase gene, prevalent in site sediment,
detected before only in environmental DNA. This investigative
strategy may have general application for elucidating the bases of
many biogeochemical processes, hence for advancing knowledge
and management of ecological and industrial systems that rely on
microorganisms.

Identification of the microorganisms and genes responsible for
catalyzing biogeochemical reactions in terrestrial and aquatic

habitats is one of the major goals of microbial ecology (1, 2).
Mechanistic information about microbial processes improves
our ability to understand and manage ecological systems (3, 4)
Among the many reactions effected by microorganisms is bio-
degradation of organic chemical pollutants (5–7).

Although a multitude of microorganisms have been isolated
from contaminated soils or waters and shown in laboratory
assays to have the potential to biodegrade environmental pol-
lutants (8, 9), only rarely [e.g., via field inoculation (10)] have the
populations actually responsible for pollutant metabolism in
field sites been identified. Many methodological obstacles have
traditionally prevented investigators from simultaneously docu-
menting the identity and activity of microorganisms in real-world
habitats such as soil. Prominent among these obstacles are: an
incomplete understanding of the physical, chemical, and nutri-
tional characteristics of microbial habitats; a large reservoir of
dormant but potentially responsive cells in environmental sam-
ples; and the related propensity for microbial communities to
change both physiologically and in their population structure
after removal from their in situ context (5, 6)

Thus, investigations aimed at linking identity with biogeo-
chemical activity of microorganisms in soils and waters have
relied on multidisciplinary, often indirect, approaches. If active
microorganisms are recognizable microscopically [due to either
morphological distinctiveness or phylogenetic probing for their
16S rRNA genes (11, 12)], they can be simultaneously examined
for evidence that the gene(s) that catalyze the biogeochemical

process of interest are expressed [e.g., mRNA or key enzymes or
metabolic intermediates (13, 14)]. Alternatively, some natural
systems contain a substrate fortuitously labeled with a unique
stable isotopic signature (e.g., methane in anaerobic marine
sediments); this has allowed the signature to be directly traced
to taxonomically recognizable membrane lipids or other micro-
bial biomarkers in field-derived samples (15, 16).

Another, perhaps compromised, path to simultaneously mea-
sure the identity and activity of microorganisms involves the use
of model systems (typically samples of the habitat of interest
incubated in the laboratory after addition of radioactive or stable
isotopically labeled substrates) that allow metabolic activity to be
measured and the detection of label incorporated into active
cells (17, 18). In the present investigation, we used field-based
stable isotopic probing (SIP) (1, 19) to discover a previously
undescribed group of bacteria responsible for in situ metabolism
of an environmental pollutant, naphthalene. In addition, a
representative of the active bacteria was isolated and found to be
host to a distinctive biodegradation gene present in the sediment
microbial community.

Materials and Methods
Site. This study was conducted near South Glens Falls, NY. The
site is a shallow unconfined aquifer (water table at �2.5 m depth)
near the western edge of the Hudson River. Coal-tar waste, rich
in naphthalene and other aromatic hydrocarbons, was deposited
40 years ago in this f lat, sandy, forested area where flowing
groundwater has created a narrow subsurface plume of coal-tar
constituents and has deposited naphthalene in surface sediments
in a low-lying seepage area (6, 19–22).

Overview of Field-Based Stable Isotope Probing and 13CO2 Respira-
tion. Procedures, reported previously (19), involved release of
aqueous 13C-naphthalene solutions (�22 ppm concentration,
1-ml doses at times 0, 24, and 48 h) added to surface sediment,
covering the sediment with a small glass chamber, monitoring
13CO2 and 12CO2 evolution in headspace gases by MS, freezing
on site (at time � 54 h) the 13C-naphthalene-dosed sediment in
dry ice�ethanol, laboratory extraction of nucleic acids from the
sediment, separating 12C-DNA from 13C-DNA by CsCl equilib-
rium centrifugation, and then amplifying (by PCR), cloning, and
sequencing 16S rRNA genes from the 13C fraction of DNA.

Field Chambers. The ‘‘open-bottom soil cover’’ treatments were
prepared, as described (19), by inserting truncated 250-ml glass
canning jars 3–5 cm into the soil, enclosing 28 cm2 of the surface.

Abbreviations: SIP, stable isotopic probing; RFLP, restriction fragment length polymor-
phism; T-RFLP, terminal RFLP; MSB, mineral salts base.

Data deposition: The sequences reported in this paper have been deposited in the GenBank
database [accession nos. AY166684, AY250090-AY250111 (16S rDNA), AY194928–
AY194932, and AY250112–AY250114 (nahAc)].
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For the respiration assay, there were four replicate chambers.
For DNA extraction, there were three replicates each for
treatments dosed with 13C-naphthalene (13C6, 99% purity, Cam-
bridge Isotope Laboratories, Cambridge, MA) and 12C (unla-
beled)-naphthalene controls.

Respiration Assay. Headspace sampling (250-�l gas-tight syringe)
occurred three times over an 8-h period. All 12 syringes were
shuttled to the laboratory, and GC�MS analyses were completed
on the sampling day. A Hewlett–Packard 5971A GC�MS
equipped with a Hewlett–Packard Pora Plot Q column (25 m �
0.32 mm, 10-�m film thickness and He as the carrier gas) in
splitless mode was used to separate gaseous components. The
detector was operated at 1.10�5 torr (1 torr � 133 Pa), 70 eV
(19). The GC oven program was isothemal 60°C. CO2 eluted at
2.5 min. By using the single ion monitoring mode, the detector
was able to simultaneously quantify 12CO2 (m�z 44) and 13CO2
(m�z � 45). Gross 13CO2 release was directly measured. Net
13CO2 evolution produced from the 13C-naphthalene was com-
puted (19) by subtracting background 13CO2 produced from
sediment organic matter. The latter was inferred from direct
measurement of 12CO2 adjusted according to the known fixed
ratio of 12C to 13C in naturally occurring carbon [1.11% (19, 23)].
Net values for 13CO2 evolved within replicate chambers were
pooled; averaged values at different times were compared with
Student’s t tests.

DNA Extraction and CsCl Fractionation of 13C DNA. Sediment (5 g per
chamber) that received substrate was removed by using a sterile
spatula, placed on dry ice, transported to the lab on the dry ice,
and stored at –80°C (19). DNA extraction was carried out by
using the Fast DNASPIN kit with a bead-beating procedure
(Qbiogene, Carlsbad, CA).

As a positive control for 13C and 12C DNA, Pseudomonas
putida strain G7 was grown in three mineral salts media, one with
100% 13C-glucose, one with 50% 13C-glucose, and the other with
nonenriched (‘‘12C’’) glucose. DNA was extracted as above. One
milliliter of the DNA solution was diluted to 4.5 ml with TE
buffer (10 mM Tris�1 mM EDTA, pH 8), and 4.5 g CsCl was
added and shaken gently until dissolved. Ethidium bromide (100
�l; 10 mg�ml) was added to each ultracentrifuge tube, which was
then sealed. Tubes were centrifuged at 140,000 � g (Vti 81 rotor;
41,900 rpm) for 66 h at 20°C (19). Resultant bands in standards
were clearly separated. The 13C band in field treatments could
not be seen; instead, we used known standards to guide DNA
removal by piercing the centrifuge tubes using standard methods
with an 18-g needle (24). In processing DNA from the 13C-
naphthalene treatment, we compensated for partial 12C-labeling
of DNA (two-thirds of the C atoms) by sampling 2 mm below the
50% of the 13C band. One-half milliliter of CsCl solution
containing the DNA was withdrawn. Ethidium bromide was
extracted from the DNA by the addition of 10 volumes of
TE-saturated 1-butanol and gently mixing. The organic layer was
discarded and the extraction repeated five times, then the
volume of DNA was brought to 3 ml in TE. DNA precipitation
occurred overnight at –20°C by addition of 300 �l of 3 M sodium
acetate (pH 4.6) and 2� volume of ethanol. After pelleting at
13,000–15,000 � g for 30 min, the DNA was washed twice with
70% ethanol, centrifuged at the same speed for 10 min, resus-
pended in 50–100 �l of distilled water, and stored at �20°C.

PCR Cloning, Restriction Digestion and Sequencing. PCR amplifica-
tion of 16S rRNA genes in the 13C -DNA fraction used universal
eubacterial primers (27f and 1492r) by methods described pre-
viously (25). The product was ligated into the vector pCR2.1 (TA
cloning, Invitrogen) following the manufacturer’s recommended
protocol. After transformation of plasmids into host cells and
blue�white screening, colonies with inserts were verified by PCR

with vector-specific primers (5�-GTAACGGCCGCCAGTGT-
GCT and 5�-CAGTGTGATGGATATCTGCA) that flank the
cloning region. The amplicons were digested with HaeIII and
HhaI. Restriction fragment length polymorphism (RFLP) pat-
terns were analyzed on 3% MetaPhore agarose (BioWhittaker,
Molecular Applications, Rockland, ME) gels with a 100-bp
ladder (Promega) as marker. Clones containing unique RFLP
patterns were selected for sequencing, grown overnight in 5 ml
of LB with appropriate antibiotics (Kanomycin, Sigma), pelleted,
and plasmids were purified (QiaPrep spin miniprep kit, Qiagen,
Santa Clarita, CA). PCR primers (M13 forward, M13 reverse,
and 16S rDNA universal) were used by the Cornell DNA
sequencing facility (Ithaca, NY). Raw sequence data from both
strands were assembled into full length sequences by using the
program SEQMAN II (DNASTAR, Madison, WI). After assem-
bly, the consensus sequence was verified manually by referring
to the corresponding ABI chromatograms of the sequencing
reactions. The computational tools of the Ribosomal Database
II project (http:��rdp.cme.msu.edu�html) were used to check
chimeras and to calculate the similarity values for individual
rDNA sequences by using the SEQUENCE�MATCH program. A
BLAST search (http:��ncbi.nlm.nih.gov�BLAST) was also used to
identify the additional related sequences. The closest relatives
identified from both searches were included in dendrograms. To
evaluate dendrogrm topology, sequence alignment and phylog-
enies were done with CLUSTAL W and PHYLIP [DNAML (maximum
likelihood) and DNADIST (Kimura model); http:��evolution.gs.
washington.edu�phylip.html] software packages after deleting
regions of sequence ambiguity from the analyses.

Population Profiling in DNA Extracts by Terminal (T)-RFLP Analysis of
16S rDNA Genes. For T-RFLP analysis, standard procedures (26)
were followed. PCR primer 27F-FAM (5� end-labeled with
phosphoramidite fluorochrome 5-carboxy-fluorescein) was used
instead of the above forward primer of 16S rDNA. Fluorescently
labeled PCR products were digested for 6 h with HhaI and
electrophoretically separated in an Applied Biosystems 3730
DNA analyzer (Applied Biosystems), and the data were analyzed
by using GENEMAPPER software (Applied Biosystems).

Isolation of Naphthalene-Degrading Bacterium. To isolate the bac-
terium responsible for naphthalene degradation, previously de-
scribed methods (25, 27) were used. One gram of the coal
tar-contaminated sediment was transferred to tubes containing
PBS. Serial dilutions were prepared, and 0.1-ml aliquots were
spread onto mineral salts base (MSB) (28) agar plates, incubated
in the presence of naphthalene vapors at 10°C. The colonies were
repeatedly transferred on agar media to isolate the microorgan-
isms able to grow in the presence, but not absence, of the
naphthalene vapor.

Naphthalene Biodegradation Assays. Metabolism of naphthalene
by strain CJ2 (cells grown on MSB–pyruvate medium and
washed) was confirmed after extraction by GC�MS measure-
ments of aqueous naphthalene added to MSB media (25). An
uninoculated control accounted for abiotic losses, which were
negligible. In the slurried sediment assay, mixtures of ground-
water (30 ml) mixed with 10 g (wet weight) of seep sediment were
prepared with and without inoculation of 107 cells per ml strain
CJ2 (three replicates per treatment) and incubated at 10°C.
Periodically, the slurries were sampled (1 ml) with a syringe.
After mixing with 1 ml of methanol, the samples were analyzed
by GC�MS.

Analysis of Napthalene Dioxygenase Genes. As described (20),
diluted nucleic acids from sediment or strain CJ2 (also water as
a negative control) were used as templates. PCR amplification of
a 482-bp fragment of nahA was achieved with the following PCR
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primers: Ac114F 5�-CTGGC(T�A)(T�A)TT(T�C)CTCAC(T�C)-
CAT-3� and Ac596R 5�-C(G�A)GGTG(C�T)CTTCCAG-
TTG-3� (20). PCR amplification was carried out in 50-�l reac-
tion volumes, using previously described (20, 25) thermal cycler
and reagents with primer concentration of 1 �M and a cycling
regime of 94°C for 5 min (1 cycle); 94°C for 1 min, 56°C for 45
sec, and 72°C for 45 sec (35 cycles); 72°C for 10 min (1 cycle). The
amplicons were cloned, sequenced, and analyzed as described
above for 16S rRNA genes.

Results
Previous reports have demonstrated that microorganisms native
to a coal tar waste-contaminated field study site have been
engaged in naphthalene biodegradation (e.g., refs. 6, 20, and 21).
To discover the identity of the active populations, we imple-
mented field respiration and SIP procedures (19), which released
13C-labeled naphthalene where flowing groundwater has depos-
ited naphthalene in organic matter-rich surface sediment (22).
The small volumes of naphthalene-dosed sediment (�50 ml)
were covered by open-bottom glass chambers that allowed
headspace gases produced by the native microbial community to
be periodically gathered and analyzed for evolution of 13CO2
above background produced from sediment organic matter (19).
In an initial 8-hr experiment examining in situ respiration, net
13CO2 rose steadily, amounting to net mineralization of 2.3% of
the added naphthalene (Fig. 1). We then revisited the site,
adding 13C-naphthalene to sediment in three doses over a 54-hr
period. Parallel control treatments added 12C (unlabeled) naph-
thalene to adjacent sediments. The chambers were removed, and
DNA was extracted for CsCl density gradient ultracentrifugation
to separate 12C- from 13C-DNA. As found in previous studies
(19), when PCR primers designed to amplify the 16S rRNA gene
were applied to the location of the CsCl gradient that corre-
sponded with a 13C-DNA standard, a robust amplicon was
obtained from the 13C-naphthalene-treated sediment but not
from the 12C-naphthlene-treated sediment (Fig. 6, which is
published as supporting information on the PNAS web site). The
strongly amplified signal from 13C-labeled 16S rRNA genes
provides a means to identify microbial populations that metab-
olized the 13C-naphthalene. Confirmation that the 13C-DNA
fraction that was amplified by PCR was not simply a relic from
the 12C-band seemed prudent; therefore, we also conducted 16S
rDNA-based T-RFLP analysis to allow comparison of popula-
tion profiles between bulk soil DNA and both of the CsCl-
separated (12C- and 13C-) DNA fractions from the soil that had

been dosed with 13C naphthalene. The T-RFLP population
fingerprints (Fig. 2) showed that the 13C-DNA fraction was
readily distinguishable from and far simpler than (Fig. 2C) the
other two population profiles, which matched one another as
expected (Fig. 2 A and B). After examining enzyme restriction
digests of 95 clones derived from the 13C-labeled DNA (Fig. 2C)
and determining 22 full 16S rRNA gene sequences, we prepared
a phylogenetic tree to examine the relationships between the
cloned sequences and those in GenBank from related bacteria
(Fig. 3). The vast majority of the clones (92 of 95) clustered in
an unusual group associated with Acidovorax, Variovorax, Rhod-
oferax, and Polaromonas, members of the � proteobacteria.
Three outlying sequences were split between other Gram-
negative species (Pseudomonas and Burkolderia). Interestingly,
there was surprisingly little variation among the vast majority of
cloned 16S rDNA sequences: 84 of the 92 fell into the same tight
clade whose closest cultured relatives were Polaromonas vacu-
olata and dichloroethene-degrading bacterium JS666 �93%
identity (29, 30). Forty-six clones from the 13C-DNA were
identical (clone 3 in Fig. 3).

In an attempt to grow and isolate the host of the 16S rRNA
gene sequence that we found was dominant in the clone library,
we plated dilutions of seep samples on naphthalene-based
mineral salts (MSBN) media and incubated them at the in situ
groundwater temperature of 10°C. Large (�4-mm diameter)
mucoid colonies appeared after 2–4 weeks. When restreaked
and purified, this culture (strain CJ2) produced large colonies in
the presence of naphthalene and not in its absence. Strain CJ2
was unable to grow on MSBN media at temperatures above 20°C
because at such temperatures, the vapor pressure of naphthalene
was toxic (Table 1, which is published as supporting information
in the PNAS web site); thus, the 10°C incubation was crucial for
isolation of strain CJ2. Remarkably, the 16S rRNA gene se-
quence of strain CJ2 fell within the tight taxonomic cluster
dominated by clone 3 found in the SIP 13C-DNA library (Fig. 3)
of microorganisms involved in naphthalene metabolism in situ.
Furthermore, the T-RFLP pattern for strain CJ2’s 16S rRNA
gene revealed a single major fragment (193 bp) that matched the
major fragment from the 13C-DNA fraction shown in Fig. 2.

Naphthalene utilization by strain CJ2 was confirmed in min-
eral salts media analyzed after 10 days by GC�MS. Furthermore,
assays that used GC�MS to monitor biodegradation of the
naphthalene component of the contaminated sediment in lab-
oratory-incubated sediment slurries (10°C) showed that inocu-

Fig. 1. Net respiration of 13CO2 beneath glass chambers enclosing 28 cm2 of
sediment in the contaminated field site that was dosed with aqueous 13C-
naphthalene. Data reflect averages of four replicate chambers. Background
13CO2 respired was inferred from evolved 13CO2 (19). Error bars show standard
deviations. Values at successive sampling times were significantly different
(Student’s t test, P � 0.008).

Fig. 2. Microbial community composition reflected by T-RFLP profiles of 16S
rRNA genes digested with HhaI, in bulk coal tar-contaminated sediment (A)
and CsCl gradient-ultracentrifuged preparations from the sediment 12C-DNA
(B) and 13C-DNA (C) fractions.
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lation of strain CJ2 accelerated naphthalene loss (Fig. 7, which
is published as supporting information on the PNAS web site).
Thus, strain CJ2 has the potential to be metabolically active in
a laboratory approximation of the field habitat. Strain CJ2 is a
Gram-negative cocoid bacterium (Fig. 4) with several pheno-
typic and genotypic characteristics [including absence of flagella,
extracellular polysaccharide production, inability to grow on rich
media, and intracellular accumulation of polyhydroxyalkanoic
acids, polyphosphates, and glycogen (27)] unlike those of taxo-
nomically related bacteria listed in Fig. 3.

To further explore the environmental significance of strain
CJ2, we focused on a gene involved in naphthalene metabolism.

We used PCR primers specific for the terminal iron–sulfur
component of naphthalene dioxygenase [nahAc (20)] to amplify,
clone, and sequence a 482-bp fragment of nahAc. The dendro-
gram portraying the relationship of strain CJ2’s nahAc to related
sequences (Fig. 5) reveals that strain CJ2 is host of a distinctive
sequence (clade I in Fig. 5). This clade, with �7% amino acid
dissimilarity with clade II, was previously discovered among
dioxygenase genes expressed in situ as mRNA sequences in
groundwaters from the study site (20). Until now, there has been
no known host for this nahAc allele. Comparison between nahAc
sequences of strain CJ2 and the closest previously cultured host,
Comamonas testosteroni H (31), showed an identity of 92.8%. To
verify that the nahAc-like amplicon from stain CJ2 was present
in the study site, we extracted DNA from strain CJ2’s sediment
of origin and used the nahAc-specific primers to amplify, clone,
and sequence related genes in the microbial community. Six of
the 20 sediment-derived nahAc clones that we obtained fell
within clade I, matching the sequence of strain CJ2 (Fig. 5).

Discussion
This investigation relied on the SIP technique to trace labeled C
atoms from an added microbial substrate (naphthalene) into the
DNA of naturally occurring populations involved in substrate
metabolism. If a high-substrate concentration had been used,
SIP may have revealed opportunistic microorganisms other than
those active under ambient site conditions. Because the mass of
13C-naphthalene added (�60 �g�5 g sediment) roughly matched
ambient concentrations (22), we feel that potential concentra-
tion-based artifacts were avoided. Data interpretation presumed

Fig. 3. Phylogenetic analysis of 95 cloned bacterial 16S rRNA genes from the sediment-derived 13C-DNA fraction and isolated strain CJ2. Sequences found in
this study (bold) are contrasted with those from reference strains (italic). The clones were screened by their enzyme restriction patterns, and 22 full 16S rRNA
genes representing these patterns were fully sequenced. Numbers in parentheses indicate frequencies of clones exhibiting the same restriction pattern. Sequence
alignment and phylogenic relationships were completed with CLUSTAL W and PHYLIP software packages (Kimura model; Department of Genomics, University of
Washington). Values at each node are the percentage of 1,000 boot-strap trees. (Bar � 0.1 changes per nucleotide position.) T, type strain.

Fig. 4. Photomicrographs of strain CJ2. Note coccoid shape of two dividing
cells, rough surface texture from extracellular polysaccharide, absence of
flagella, and size (1–2 �m) visible in scanning electron microscopy image (Left).
Alcian-blue staining at low pH reveals acidic nature of extracellular polysac-
charide (Right). (Inset) India ink staining of capsular material.
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that the 16S rRNA gene sequences found in 13C-labeled DNA
were indicative of microbial populations directly responsible for
naphthalene biodegradation. But potential indirect incorpora-
tion of the 13C (e.g., via excreted metabolites or other C transfers
from biodegrading populations to adjacent community mem-
bers) must be considered. In this implementation of SIP, indirect
C incorporation was unlikely because the incubation period in
the field was brief (�2 days) and because our isolated bacterium,
host of the predominant SIP-based 16S RNA gene sequence,
possessed genotypic and phenotypic traits consistent with its role
as an active member of the site’s microbial community. Thus, this
investigation allows us to link strain CJ2 to in situ metabolism of
an environmental pollutant. The presence of the distinctive
nahAc allele in both strain CJ2 and its sediment of origin strongly
suggests that the enzyme encoded by this gene catalyzes naph-
thalene biodegradation in situ. Elimination of metabolism by
creating a nahAc-deletion mutant of strain CJ2 will solidify this
latter conjecture.

Although aerobic biodegradation of naphthalene has long been
described (32), the majority of cultured hosts that have contributed
to understanding both the biochemistry and genetics (33) of
naphthalene biodegradation fall into a readily cultivatable broad
class of Pseudomonas-like Gram-negative bacteria (34). It is signif-
icant that the bacterium that we found to be active in situ and to

contain the distinctive sediment-borne naphthalene dioxygenase
gene is not related to Pseudomonas. Rather, strain CJ2 is phylo-
genetically remote and features several unusual traits that argue for
its novelty and, perhaps, explain why this strain has not been
isolated before. Strain CJ2 joins the growing minority of cultured
nonpsuedomonads (e.g., ref. 35) able to biodegrade naphthalene.

An emergent theme in current microbial ecology is the
repartee and feedback that develop between culture- and non-
culture-based inquiries (36). This dialogue has routinely proven
to be heuristic, leading to the discovery of both new taxonomic
diversity in the microbial world (37) and clues that allow initially
mysterious hosts of traits observable from real-world habitats
(e.g., 16S rRNA gene sequences or physiological activity) to be
pursued and eventually brought into cultivation (38, 39), thus
enabling further physiological, genetic, genomic, and ecological
inquiries (3, 40). An eventual goal would be to understand
habitat biogeochemistry sufficiently well to be able to quanti-
tatively attribute changes in habitat resources to individual
members of microbial communities.
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thank W. C. Ghiorse for preparing micrographs. This research was sup-
ported by National Science Foundation Microbial Observatories Grant no.
MCB-0084175 with cooperation from Niagara Mohawk Power Corporation
and the New York State Department of Environmental Conservation.
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