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PREFACE

The processes affecting the fate of polychlorinated biphenyls
(PCBs) in lake and river sediments are of great concern. It is
important to understand the role of anaerobic bacteria in PCB
~ degradation to assess the potential biological removal mechanisms
inherent in the environment. Applications of environmentally selected
PCB degrading organisms and the recent advances in fixed-film
technology can pfovide effective wastewater treatment schemes which
could affect the persistence of PCBs.

Traditional aerobic biological wastewater treatment processes
alone do not remove all congeners present in complex PCB mixtures. Due
to the inherent differences between aerobic and anaerobic degradation
processes, anaerobic treatment may result in biodegradation of higher
chlorinated PCBs refractory in aerobic conditions. However, virtually
no data is available for the fate of PCBs in anaerobic wastewater
treatment. With a better understanding of the factors affecting
biodegradation of PCBs in anaerobic sediments, comprehensive wastewater
treatment schemes could be developed.

The purpose of this research is to examine the removal mechanisms
for PCBs in anaerobic sediments using an upflow anaerobic biofiltration
process (ANBIOF).

Chlorinated biphenyls are a family of 209 congeners. They were
originally formulated by Monsanto, by chlorinating biphenyls in an iron
catalyzed process which resulted in complex mixtures of PCBs called
Aroclors. Because of the Targe number of chlorinated congeners in

Aroclor mixtures, potential biological removal processes would require



both aerobic and anaerobic biodegradation. Anaerobic degradation would
be expected to remove predominantly the higher chlorinated congeners
(Brown et al., 1987), leaving lower chlorinated congeners for aerobic
degradation (Bedard et al., 1987).

Removal mechanisms for related chlorinated aromatic compounds
such as chlorophenols and chlorobenzenes (Mikesell and Boyd, 1987;
Fathepure et al., 1988) and the dechlorination patterns indicated in
the environmental transformation of PCBs (Brown et al., 1987), suggest
PCBs could be dechlorinated by a primary degradation process in which
energy is derived from degradation. In reductive dechlorination, PCBs
may act as electron acceptors and the carbon source as the electron
donor. The increased concentration of both the electron donor and the
electron acceptor species and the elimination of competing electron
acceptors (NO3, NOp, SO4 and Felll) could enhance PCB dechlorination.

The objectives of this study were:
1. To develop an anaerobic filter reactor which results in PCB
biodegradation.
2. To characterize PCB degradation by detection of metabolite(s).
3. To identify metabolite(s) using gas chromatography with electron
capture detection (GC/ECD), gas chromatography with mass spectrometric
detection (GC/MS) and cochromatography (GC/ECD).
4. To determine PCB degradation pathways.

The body of this research is contained in Chapter one. The
experimental data for the reactors, the physical/chemical properties of
PCBs and the mass spectra for PCBs are described in the appendices at

the end of the thesis.



CHAPTER ONE

A Method For PCB Metabo]ité Determination in Anaerobic Fresh Water

Sediments using a Upflow Anaerobic Biofiltration Process (ANBIOF).
INTRODUCTION

Chlorinated biphenyls are a family of 209 highly stable, water
insoluble aromatic compounds. They were used extensively in industry
between 1929 and 1978 as paint and dye additives, and in dielectric and
hydraulic fluids (Hutzinger et al., 1974). Unfortunately, their
attractive chemical properties have also contributed to their
environmental persistence and bioaccumulation in food chains.

Treatment of polychlorinated biphenyls PCBs has traditionally
focused on costly physical-chemical and incineration methods, and has
not exploited their potential for biodegradation. Application of
biological treatment schemes such as anaerobic and aerobic fixed film
processes provide potential low cost and low maintenance alternatives.
In-situ cleanup and of PCB contaminated "hot spots" could benefit the
most because of the high volume of contaminated solids present.
Biological treatment methods could be further enhanced by adding
naturally selected and genetically engineered PCB degrading bacteria.

A broad range of aerobic bacteria are capable of biodegrading
PCBs with three or fewer chlorines, but degradation becomes
increasingly difficult for higher chlorinated congeners. Pure and
mixed cultures isolated from activated sludge and PCB contaminated

river sediments aerobically degraded 4-chlorobiphenyl and not 2-



chlorobiphenyl. The degradation products indicated a sequential
reaction consisting of ring fission producing 4-chlorobenzoate followed
by total mineralization to CO; (Kong and Sayler, 1983; Masse et al.,

1984). Aerobic degradation of pure PCB isomers {with 5 or less

chlorines) by Alcalidenes sp. strain Y42 and Acinetobacter sp. strain
P6 suggested primary metabolism (dechlorination and ring cleavage) of
mono-, di-, tri- and tetra-chlorobiphenyls (Furukawa et al., 1979,
1983; General Electric Company, 1984). The resulting metabolites
consisted of mono and dichlorobenzoates, dihydroxybiphenyls, and many
cleavage products with two or three chlorines. PCB congeners with
single ring chlorinations were generally aerobically degraded faster,
and preferential ring fission occurred on the lesser chlorinated ring.
Pentachlorobiphenyls did not undergo primary degradation as observed by
the production of dihydroxybiphenyls. The decreased degradative
competence of pentachlorobiphenyl was a function of both increased
chlorination and the complex chlorine substitution patterns on the
biphenyl ring. Additionally, higher chlorinated congeners in
commercial PCB mixtures exhibited decreased biodegradation while mono
and dichlorobiphenyls were readily degraded by activated sludge (Tucker
et al., 1975; Liu, 1980).

Although the increased chlorination of Aroclors 1248 and 1254
significantly decrease their biodegradability, several pure strain
enriched bacterial cultures degraded tetra-, penta- and hexa-
chlorobiphenyls. Alcaligenes eutrophus H850 isolated from PCB dredge
spoils was enriched on biphenyl, and grew well on 2-chlorobiphenyl (2-
CB) but not on 3-CB or 4-CB (Bedard et al., 1987; General Electric
Company, 1984, 1985). The unique metabolism of 2-CB by H850 was not
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observed for cultures mineralizing 4-CB. H850 degraded a wide range of
tetra-, penta- and hexa-chlorobiphenyls in complex industrial PCB
mixtures; Aroclor 1248 was reduced 81% and Aroclor 1254 was reduced 31%
after 48 hours. In addition, most di-, tri- and tetra-chlorobiphenyls
were completely eliminated (95-100% removed) by H850 in 48 hours.
Similarly, pure strain bacteria Pseudomonas putida sp. LB400 degraded
penta-CB and hexa-CB, and Corynbacterium sp. MBl degraded penta-CBs of

Aroclors 1248 and 1254 (Bedard et al., 1986, 1987; Bopp, 1986).

In contrast to aerobic oxidative metabolism, anaerobic
degradation of halogenated aromatic compounds proceeds by reductive
dehalogenation. Biodegradation of chlorophenols, chlorobenzenes and
chlorobenzoates by anaerobic bacteria occurs in methanogenic sediments
and anaerobic sewage sludges (Horowitz et al., 1983; Suflita et
al.,1984; Fathepure et al., 1988; Woods et al., 1988). Anaerobic
degradation of chlorophenols proceeded with sequential replacement of
chlorine atoms by hydrogen atoms in a reduction process (reductive
dechlorination). The eventual dechlorination product of chlorophenol,
phenol, was readily degraded to CH4 and COy by anaerobic bacteria, or
CO2 and Hy0 by aerobic bacteria (Suflita and Miller, 1984). The
dechlorination process exhibited by sewage sludge organisms
(unacclimated), was shown to be selective for specific chlorine atom
substitution patterns on the phenol molecule. The chlorine closest to
the hydroxyl group (ortho) was removed first, followed by the next
closest (meta) chlorine. Chlorine atoms opposite the hydroxyl group
(para) were removed last (Boyd et al., 1983). Chlorine removal
patterns for anaerobic sludge acclimated to monochlorophenols (ortho,

meta and para substitutions) exhibited degradation patterns distinctly



different from unacclimated sludge. Cultures acclimated to 2
chlorophenol (2-CP), 3-CP and 4-CP removed chlorines with specificity
ortho > para > meta. Similarly cultures acclimated to 3-CP degraded
chlorophenols with meta or meta and para chlorine substituents (Boyd
and Shelton, 1984). Biodegradation of chlorobenzenes was observed in
sewage sludge acclimated to various industrial waste sources (Fathepure
et al., 1988). Pentachlorobenzene was dechlorinated to produce a
mixture of 1,3,5-trichlorobenzene (1,3,5-TCB) and dichlorobenzenes 1,2-
DCB, 1,4-DCB and 1,3-DCB. The observed reductive dechlorination of
chlorobenzenes extends the dech]orination reaction to water insoluble
aromatic hydrocarbons (i.e. PCBs) which do not have polar functional
groups like -OH and -COOH.

The similarity in structural and aromatic characteristics of
chlorobenzenes and polychlorinated biphenyls suggest the dechlorinating
ability inherent in chlorobenzene degrading bacteria may also exist for
bacteria acclimated to PCBs. Reductive dechlorination of PCBs in
anaerobic sediments was suggested from data showing alterations of
original congener compositions; Aroclors 1248 and 1254 (Brown,1987).
Evidence from PCB profiles of Hudson River and Silver Lake sediments
indicated preferential removal of higher chlorinated congeners
(environmental transformations) (Brown et al., 1984). Environmental
transformations exhibited complex ortho, meta and para chlorine removal
patterns specific to sediment type and sampling location. Hudson River
sediments exhibited distinct meta and para dechlorinations, and Silver
lake exhibited broader ortho, meta and para dechlorination specificity.

Environmental transformation of PCBs was determined using

data collected from PCB contaminated sediment samples which were up to
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30 years old. The observed removal patterns represented a history of
selective congener removal, and was only suggestive of reductive
dechlorination. Similar dechlorination patterns were observed in batch
reactor experiments using a synthetic PCB wastewater and Hudson River
sediment inocula (Tiedje et al., 1987). Experimental results showed
penta- and hepta-chlorobiphenyl congeners were partially anaerobically
degraded in 52 weeks. 43.8% of a synthetic 23456-CB was reductively
dechlorinated to produce potential a mixture of para, 2356-CB and meta,
2346-CB dechlorination products. No ortho dechlorination was observed.

Data has shown the accumulation of specific chlorine substitution
patterns in the degradation products of chlorophenols, chlorobenzenes
and PCBs during anaerobic biotransformations (dechlorination). This
evidence suggests the more easily removed chlorine atoms follow faster
degradation kinetics, while the more persistent chlorine atoms are
removed at slower kinetics. Anaerobic degradation of substituted
chlorophenols showed the relative rates of dechlorination to follow a
general order: ortho > meta > para (Boyd and Shelton, 1983).
Additionally, dechlorination rates were the highest for
pentachlorophenol, and the rates decreased a§ the number of chlorines
decreased on the phenol molecule (Mikesell and Boyd, 1986; Woods et
al., 1988). Archival sediment data (General Electric Company, 1984)
for PCBs deposited during 1954 to 1974 indicated a 30% reduction of
Aroclors 1242 and 1248 in 10 to 30 years. This rate of disappearance
indicates in a biodegradative half life between 20 to 60 years.
Similarly, 43.8% removal of 23456-CB in 43 months represented a 73
month (1.38 years) degradation half life (Tiedje et al., 1987).

Anaerobic degradation of PCBs is suggested from environmehta]



transformation data, but their lTong degradation half lives Timit the
practical application of biological wastewater treatment in degrading
PCBs. Enhancing anaerobic biodegradation of PCBs would require the
broad dechlorinating specificity of anaerobic sediments and the
increased reaction kinetics associated with anaerobic fixed-film
(biofilm) treatment processes. Fixed-film processes have traditionally
shown increased reaction kinetics due to high concentrations of
bacterial cells (biofilm) attached to the reactor media, and a high
bacterial solids retention time. By virtue of the attached bacteria,
the biofilm process exhibits a high tolerance to substrate toxicity and
can degrade organic wastes at high COD loadings. (McCarty, 1964).
Anaerobic treatment of chlorophenolic compounds was reported for
anaerobic sludge blanket reactors (Hakulinen et al., 1985; Woods et
al., 1988) and in an anaerobic fluidized bed reactor (Hakulinen and
Salkinoja-Salonen, 1982). Results indicated biodegradation of
chlorophenols, chloroveratroles and chloromethoxybenzenes in the sludge
blanket reactor. Similarly, chlorophenols from pulp bleaching

effluent were partially degraded in the anaerobic fliudized bed
reactor.

The purpose of this study was to determine the biodegradative
fate of a five synthetic PCB congeners fed to four anaerobic filter
reactors inoculated with upper Hudson River and Silver Lake sediments.
Particular emphasis was placed on acclimating and selecting for PCB

degrading bacteria, and characterizing PCB degradation products.



MATERIAL AND METHODS

Four anaerobic filters were operated to treat a synthetic
wastewater containing five chlorinated biphenyls. The major
distinguishing feature between the reactors was the source of bacterial

inocula used in each reactor.

Reactor

Reactors used in this experiment were modified upflow anaerobic
filters. An anaerobic filter is an oxygen free, media filled reactor
with wastewater delivered to either the top (stationary reactor type)
or the bottom (upflow reactor type). Four upflow anaerobic filters
(Figure 1) with recycle were constructed of Michel-Miller threaded
chromatography glassware (Ace Glass Inc, Vineland, NJ). The reactor
consisted of a 300 ml glass column and a 50 ml settling compartment
coupled together and sealed at both ends with Teflon fittings. The
reactor was packed with 6 x 6 mm Rasching rings (Ace Glass, Inc) which
yielded a 3000 cm? surface area and a 250 ml void volume. The filter
had three sampling points: reactor off gases were collected from a
septum on the gas outflow line; effluent samples were collected off the
recycle line at top of the reactor; and reactor sediments were
collected from the port at the bottom of the reactor. Recycle was
provided by a peristaltic pump (Cole Parmer, Chicago, IL) which
delivered a flow rate between 450 and 500 mls/day. Teflon and brass
shut-off valves were used to control influent, effluent and recycle

streams. All fluid lines were 3.18 mm (1/8 in) OD FEP Teflon tubing.
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Reactor Operation

The anaerobic filter reactors were operated at 30 + 0.5 OC
throughout the experimental period. Each réactor was fed
semicontinuously at a 10 day hydraulic retention time with daily batch
injections of PCBs and a vitamin/mineral feed stock solution. Twenty
five mls of the feed solution were fed simultaneously with PCBs (see
feeding schedule for PCBs, Table 1) at the bottom port. The feed
source was injected using a two step process in which the feed stock
was first drawn into the 50 ml syringe from the anaerobic feed bottle
through a two stage syringe valve, and then expelled into the feed
injection 1ine (Figure 1). The feed source was warmed to 35 OC by a
recirculating water bath prior to injection into the reactor. Gas
volumes were determined using manometers filled with a 5% (v/v)

- HpS04/saturated NaCl solution connected to the reactor effluent gas
line. Volumes were measured by withdrawing an appropriate volume of
reactor gas with a 50 ml syringe until the pressure exerted by the
reactor head space on the manometer fluid was balanced with the
atmosphere. Volumes were corrected to standard pressure (1 atm) and

reactor operating temperature (30 + 0.5 9C).
Inocula

Four PCB contaminated anaerobic sediments were used as reactor
inocula. Samples C2 and F3 were collected from Silver Lake, a 10 ha
urban pond Tocated in Pittsfield, Massachusetts. Silver Lake received

industrial discharges of Aroclor 1260 from 1950-1971, and Aroclor 1254



Table 1. Reactor Daily Feeding Schedule

Feed component COD3 Total COD PCB congener concentrationbs¢
Acetate Methanol Glucose Acetone Tetra Penta Hexa Hepta Octa
Period Beginning date (mg/1) (mq/1) (mmo1/1)
Stabilization 7/22/87 213 214 107 175 709 0 0 0 0 0
Phase I 8/24/87 281 297 150 175 903 0.18 0.15 0.15 0.14 0.12
Phase II 9/22/817 281 297 150 349 1078 0.36 0.31 0.29 0.27 0.24
Phase III 2/10/88 281 297 150 3490 4218 3.8 3.09 2.92 2.73 2.40

a4 Theoretical chemical oxygen demand. -

b tetra: 23744’-CB
penta: 23456-CB
hexa: 22'44'66'-CB
hepta: 22/344'5'6-CB
octa: 22/33/44'55'-CB

C Based on PCB influent concentrations after PCBs are
injected with 25 mls of feed stock addition.

0l
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during the period between 1971 and 1977. Samples C2'and F3 were bottom
sediments which consisted of soft, black, oily, methanogenic muck. C2
was taken from sediments with PCB levels from 1 to 1300 ppm; F3 was
taken from sediments containing 220 to 860 ppm PCBs. Sediment sampies
H7 and TI were collected from the Upper Hudson River between river
miles 188.6 and 193.3 (between Thompson Island Dam and Ft. Edward
Village). Upper Hudson River waters received industrial discharges of
Aroclors 1248 and 1254 during the period between 1946 and 1977 (Brown,
1987). In contrast to C2 and F3, bottom sediments H7 and TI were
sandy, silty and low in organic matter. H7 was collected one mile
below Ft. Edward Village in sediments containing 50 to 380 ppm PCBs.

TI was sampled above the Thompson Island Dam where PCB Tevels in the
sediments ranged from 50 to 2500 ppm. All sediment samples were
collected between February 3rd and 10th, 1987, and refrigerated at 0 OC
at the General Electric Corporate Research and Development Laboratory,
Schenectady NY (through June 11, 1987)(Brown, 1987). The inocula were
stored at room temperature from June 12 to July 23, 1987, after which

they were injected into the four anaerobic filter reactors.
Feed Stock and PCBs

A feed solution containing vitamins, minerals and carbon sources
was used to support anaerobic growth. The feed solution was made up
with deoxygenated distilled water. The water was deoxygenated by
bubbling N2 gas for 10 minutes with vigorous mixing. The inorganic
nutrient stock solution was a modification of the media described by

Owen et al., (1979) and contained: 0.175 g/1 CaClp, 1.62 g/1
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MgCl,.6H20, 1.17 g/1 KC1, 0.018 g/1 MnC1,.4H0, 0.0388 g/1 CoCl,.6H,0,
5.2 mg/1 H3BO3, 2.5 mg/1 CuCl3.2H,0, 1.9 mg/1 ZnClp, 2.3 mg/1
NayMo0O4.2H20, 0.36 g/1 NH4Cl1, 0.014 mg/1 Biotin, 0.014 mg/1 Folic Acid,
0.072 mg/1 Pyridoxine HC1, 0.036 mg/1 Riboflavin, 0.036 mg/1 Thiamine,
0.036 mg/1 Nicotinic Acid, 0.036 mg/1 Pantothenic Acid, 0.072 ug/1
Vitamin B12, 0.036 mg/1 PABA, 0.036 mg/1 Thiotic Acid and addition of
the following minerals: 0.0257 g/1 NiCl,.6H,0, 0.018 g/1 FeCl,.4H70 and
0.22 g/1 NapS. Buffering was accomplished using a carbonate and
phosphate buffer containing: 0.25 g/1 NaH2P04.H20, 0.25 g/1 NapHPO4,
and 2.77 g/1 NaHCO3. Glucose, acetic acid, methanol and acetone were
added to yield a final chemical oxygen demand (COD) ranging from 709
mg/1 during the reactor stabilization period to 4218 mg/1 during Phase
ITI. Concentrations of carbon sources during each phase are
illustrated in Table 1.

The PCB stock solution contained five congeners (Figure 2);
2,3',4,4' -tetrachlorobiphenyl (23'44’-CB), 2,3,4,5,6-pentachloro-
biphenyl (23456-CB), 2,2’,4,4’,6,6’-hexachlorobiphenyl (22'44’'66'-CB),
2,2',3,4,4’,5' ,6-heptachlorobiphenyl (22'344’'5'6-CB) and 2,2',3,3/,
4,4',5,5'- octachlorobiphenyl (2233744’55'-CB) (Ultra Scientific Inc.,
Hope, RI). The PCB stock solution was made up in HPLC grade acetone.

Final concentrations of the reactor feed solution are shown in Table 1.
Sampling
Effluent and sediment samples were taken from a sampling port on

the recycle line and from a port at the bottom of the reactor,

respectively (Figure 1). Daily effluent samples were collected with
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simultaneous feed stock addition. pH was measured in each effluent
sample immediately following sampling. A 25 ml effluent sample was
placed in a 40 ml Teflon centrifuge tube and centrifuged at 20,000 rpm
for 5 minutes. 20 mls of the supernatant was pipetted into a 22 mil
glass vial with a Teflon lined cap, and extracted immediately.

Sediments were sampled prior to feed stock addition by collecting
5 mls of sediment sludge with a 10 ml syringe. The sediment sludge
was placed in a preweighed 5 ml amber vial with a Teflon lined cap,
and centrifuged at 7500 rpm for 10 minutes to separate the solids and
supernatant. The supernatant was discarded and the sediment sludge was
analyzed for solids composition, and extracted for PCB analysis.

Effluent COD samples were collected from the port on the recycle
line. Samples were similarly centrifuged. A 10 ml aliquot of the
supernatant was placed in a 20 ml glass vial with 10 mls distilled
water. Influent COD samples were prepared identically using the stock
feed solution and an appropriate volume of reagent grade acetone to
simulate PCB addition.

Reactor off gases were sampled using a 250 ul gas tight syringe.
Gas samples were measured immediately by injecting a 100 ul aliquot

into the gas partitioner.
Experimental Program

The anaerobic filters were operated for 229 days in four
experimental phases. The four phases included a stabilization phase in
which no PCBs were added, and three experimental phases with a defined

PCB feeding schedule (Table 1). During the four week stabilization
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phase, the reactors were operated in batch mode to acclimate inocula to
feed solution. After one week of batch operation, the reactors were
switched to semicontinuous flow. The reactors were operated in
semicontinuous plug flow for the remaining three weeks of the
stabilization phase.

Phases I, II and III were characterized by increasing PCB
concentrations. Throughout Phases I, II and III the reactors were fed
semicontiouously by daily feed additions. Phase I was initiated with a
50 ug/1 PCB feed concentration. Transition into Phase II was
characterized by increasing the PCB feed concentration to 100 ug/1-day,
and initiating semicontinuous flow with recycle. Phase III was the
final phase of the experiment and was characterized by a 1000 ug/1-day
PCB feed concentration. Reactors continued to operate in
semicontinuous flow with recycle. Reactor effluent was sampled weekly
during the beginning of Phase II and decreased to bimonthly for the
remainder of Phase II and III. Sediments were extracted bimonthly in
Phase I and II, and increased to once a week in Phase III. Daily pH
and gas measurements and biweekly COD analyses were performed to

monitor reactor operation during all three phases of PCB loading.

Analytical Techniques

pH. solids and chemical oxygen demand

The reactor pH was measured by taking pH readings of the reactor
effluent immediately following effluent sampling. Special attention
was made during pH measurement to gently mix the effluent with the pH

probe to minimize COp gas evolution. Reactor effluent and sediment
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samples were analyzed for solids composition. COD measurements were
performed on effluent samples only. Total solids (TS) and total
volatile solids (TVS) were determined according to Standard Methods
209f (APHA, 1985). A 0.1 gm aliquot of sediment sludge was removed
prior to solvent extraction, and the moisture content was determined by
calculating the change in mass after the sample was dried in a 104 OC
oven for one hour. Chemical oxygen demand (COD) was determined by the
closed reflux colorimetric method (Standard Method 508C; APHA, 1985).
COD samples were preserved by adding three drops of concentrated
sulfuric acid to the sample and refrigerating them at 0 2C. (Metcalf

and Eddy).

Reactor Gases

Major components in the reactor off gas were determined using a
Fisher gas partitioner (Fisher Scientific, Pittsburgh, PA). Gas
component mol fractions were determined by making standard curves for
pure N», 07, COp and CHgq. Two packed columns were used to separate the
individual gas components: column 1 (76.2 cm long x 6.35 mm Dia.) was
packed with 30% HMPA on Columnpak 60 - 80 mesh, and column 2 (198 cm
long x 4.76 mm Dia.) was packed with Molecular sieve 13X, 48 - 60 mesh.
The carrier gas was helium, with a 10 psig column head pressure and a

35 ml/min flow rate.
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PCB Extraction

PCBs were extracted from effluent supernatant and sediment sludge
with hexane and acetone, and were measured by gas chromatography with
electron capture detection (GC/ECD). Confirmation of unknown peak(s)
were made using gas chromatography with mass spectrometric detection
(GC/MS).

PCBs were extracted from 1liquid samples using glass distilled
hexane. Ten uls of an internal standard, tetrachloronapthalene (2.36
mg/1 in HPLC grade acetone)(Ultra Scientific, Hope RI) was added to
each sample before extraction. Two mls of hexane were added to 20 mls
of supernatant (in 22 ml glass vial) and extracted for 10 minutes on a
wrist shaker. The resulting hexane/aqueous emulsion was separated by
centrifugation at 7500 rpm for 5 minutes. The hexane layer was
removed and placed in two 1.8 ml amber autosampler vials, and
refrigerated at 0 OC.

Sediments were extracted and purified using a modification of a
technique developed by Georlitz and Law (1974). PCBs were extracted by
a sequential addition of acetone and hexane. Purification was
accomplished by adding copper pellets along with the solvent during
mixing and extraction to precipitate sulfur components. The
hexane/acetone solvent layer was mixed with concentrated sulfuric acid
to remove oxidizable organic matter (Bellar and Lichtenberg, 1981). To
a 5 ml glass vial containing the sediment sample, 5 gms of copper
pellets, 10 uls of the tetrachloronapthalene internal standard solution
and 1 ml of HPLC grade acetone were added. The sediment was mixed for

20 minutes on a wrist shaker. Two mls of hexane were added and the
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sample was extracted for 10 minutes. The hexane/acetone sample mixture
was centrifuged at 7500 rpm for 10 minutes, and the solvent layer was
pipetted in a 22 ml glass vial containing 10 mls of concentrated HySO4
precooled to 0 °C. The solvent/acid mixture was mixed for one minute
at 5 OC and centrifuged at 7500 rpm for 10 minutes. The bottom acidic
layer was removed and 20 mls of distilled Hy0 was added to the
remaining solvent layer. The solvent/aqueous mixture was mixed for 2
minutes, centrifuged to separate the layers and the hexane layer was
pipetted into two 1.8 ml amber autosampler vials. The hexane extract

was stored at 0 OC until it was analyzed.

PCB Quantification

The five PCB congeners used as parent compounds were measured by
preparing standard solutions which contained known masses of each
congener and a fixed mass of internal standard (PCB standard curves).
Standard solutions for each congener were analyzed by GC/ECD, and their
corresponding retention times (RTs) and peak areas were used to
identify and quantify the parent compounds in reactor samples.

Standard solutions were made up for effluent and sediment samples
separately. Effluent standards were made with 20 mls of distilled
water, and sediment standards were made with 1 ml acetone and 2 mls
hexane. The standard solutions were treated identically to effluent
and sediment extraction procedures. The extract was analyzed by GC/ECD
and the resulting peak areas for each congener were plotted against the
ratio of congener to internal standard areas (The internal standard

method; Shatkay, 1978). The resulting standard curves for each



19

congener were statistically analyzed, and the slopes and intercepts
were used to calculate the concentration of each congener in the
reactor sample.

PCB extracts were analyzed using splitless injection of a 1 ul
sample on a Hewlett Packard 5890 gas chromatograph fitted with an
auotsampler and an electron capture detector. A fused silica capillary
column with DB-5 1iquid phase and a 0.25 um film thickness (J and W
Scientific Inc., 30 m x 0.329 mm id, ID# 142216) was used for
separation. The conditions employed for the gas chromatographic
analysis were: injector and detector temperature, 300 9C; initial
temperature, 45 OC; initial time, 2 minutes; initial temperature ramp,
20 OC/min; final temperature 150 OC; temperature ramp A, 10 OC/min;
ramp A final temperature, 200 9C; ramp A final time, 20 minutes;
temperature ramp B, 4 9C/min; ramp B final temperature, 245 °C; ramp B
final time, 18.5 minutes; column head pressure, 5 psig; flow rate, 23
ml/min; carrier gas, helium; makeup gas, 95% argon and 5% methane.

PCB parent compounds and potential metabolites were identified by
splitless injection using a Hewlett Packard 5890 Gas chromatograph with
a Hewlett Packard 5988 Mass spectrophotometer. The column used was
identical to that used in our GC/ECD analysis. The conditions employed
for the GC/MS analysis were: injector temperature, 300 °C, interface
temperature, 280 OC; initial temperature, 45 OC; initial time, 2
minutes; initial ramp, 20 9C/min; final temperature 150 °C; temperature
ramp A, 10 9C/min; ramp A final temperature, 170 °C; ramp A final time,
8 minutes; temperature ramp B, 10 9C/min; ramp B final temperature, 245

OC; ramp B final time, 7 minutes.



20

RESULTS

Anaerobic Filters

Four upflow anaerobic filters were operated in a semicontinuous
flow mode with a 10 day hydraulic retention time. Five synthetic
chiorobipheny]s together with nutrients, vitamins and carbon sources
(glucose, acetate, methanol and acetone) were fed daily into the
reactors. The reactors differed in their mass and source of inocula,
the percent of total volatile solids (%TVS) and the solids retention
time (SRT). The results indicated the mass of TVS in the initial
reactor inocula (time 0) varied between 17 to 74 gms (Table 2). The
mass of effluent solids washed out per day (effluent solids flow rate)
was determined in Phases II and II, and ranged between 0.39 to 0.67 gm
TVS/1-day. From the effluent mass flow rate and the initial mass of
TVS in each reactor, the SRT was calculated. The SRT varied from 30
days in Reactor NO.4 to 193 days in No.2. At the end of Phase III, the
mass of TVS in each reactor was estimated from the change in the %TVS
(the difference in reactor %TVS from time 193 days and time 0). The
results indicated the change in %TVS ranged from a 68% decrease in
Reactor No.2 to a 378% increase in No. 4. A corresponding SRT was
calculated from the estimated TVS mass in each reactor and the effluent
solids flow rate in Phase III, and indicated the SRTs were converging
to an approximate value of 100 days (Table 2).

Reactor performance was monitored daily by measuring reactor pH
and gas production. COD analyses were completed biweekly during
Phases I, II and III. Reactor pH fluctuated between 6.4 and 7.4 during
Phase I and stabilized at 7.0 + 0.1 throughout Phase II. At the end of



Table 2. Solids Characterization

Reactor Solids Effluent Solidsd Tvsf Solids Ret. Time
Rl R2 R3 R4 R1 R2 R3 R4 Rl R2 R3 R4 RI R2 R3 R4
Period (q_TVS/1) (q TVS/1-day) (%) (DAYS)
Stabilization 234 744 314 174 ND ND ND ND 16 28 5 4 59D 193D 9P 30D
Phase I - - - - ND ND ND ND ND., ND ND ND - - - -
Phase II - - 0.40 0.39 0.6 0.67 404 god 40d 25d - - -
Phase III 35C 50C 43C 60c 0.38 0.37 0.43 0.47 24d 19d  7d 5d 888 132€ g97€ 104©

-}

Averaged value

-0 QO T

(TVS/TS) x 100%
ND Not determined

Estimated from initial reactor sediment inocula solids
analyses taken before reactor startup

Calculated from effluent solids determined in Phase III
Estimated from reactor %TVS increase

Calculated from estimated solids concentration

{c
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Phase II, when the COD of the feed was increased four fold, the pH
began to fall and stabilized at 6.7 + 0.1 in Phase III (Figure C-1).

COD removal efficiency varied little between inocula sources in
Reactors No.l through No.4 during Phases I, Il and III. COD removal
efficiency for Reactor No.3 which was inoculated with H7 sediment
(Hudson River) is shown in Figure 3. The COD removal efficiency varied
between 45 and 70% during Phase I, and increased to 90% by the end of
Phase I. Phase II was dominated by 90% COD removal, increasing to 95%
by the end of the phase. The mean soluble COD concentration in the
effluent was 110 mg/1 (S.D. = 25mg/1) which corresponded to 97 + 0.4%
removal. During Phase III, the removal efficiency was consistently
above 97%. The other three reactors exhibited similar COD removal
efficiencies during Phases I and II, and removal was above 97% in Phase
ITI (Figure C-2).

There was little variation in gas production between the four
reactors. Gas production during Phase I for all reactors varied
between a high of 6 mls/day to a Tow of 2 mls/day. At the end of Phase
I, gas production stabilized at 8 mls/day. Phase Il was characterized
by wide fluctuations in gas production with the mean gas production
rate at 8+2 mls/day. The gas production rate increased rapidly to 32
to 36 mls/day at the beginning of Phase III, in response to a four fold
increase in the influent COD loading. By the middle of Phase III, gas
production decreased to 28 + 2 mls/day (Figure C-4).

Analysis of reactor off gases in all reactors indicated the
methane fraction was 33 + 2% of the gases, Np, 05, CO» and CHy. The
remaining gas fraction was 53 + 2% Ny, 8 + 1% CO and 2 + 1% 05.
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PCBs and Unknown

The experimental program was designed to accumulate PCBs in the
sediment solids of each reactor with the intent of stimulating
bacterial uptake of the parent compounds and increasing metabolite
formation. The five PCB congeners (Figure 2) were chosen because their
potential dechlorination products clearly separated during GC/ECD
analysis (General Electric Company, 1985). Characterization of each of
the five parent compounds in reactor effluents were measured with time
(Figure C9, C10, C11 and C12). A1l reactors had an initial period of
complete PCB removal (influent PCB concentrations were below levels of
detection) followed by breakthrough of the PCBs through the filter.

The effluent concentrations of the parent compounds for Reactor No.3
are shown in Figure 4. However, each reactor behaved similarly.
Breakthrough occurred at 60 + 10 days in all reactors for all congeners
except octa-CB. Octa-CB first appeared in all reactors between 90 and
110 days. The PCBs reached effluent concentrations between 3.0 to 4.0
nmol/1 for tetra-CB, 1.0 to 1.5 nmol/1 for penta-CB, 2.0 to 2.5 nmol/1
for hexa-CB, 2.0 to 3.0 nmol/1 for hepta-CB and 1.0 to 2.0 nmol/1 for
octa-CB by the end of Phase III. These concentrations were
approximately 0.02 to 0.03% of the influent PCB concentrations during
Phase III (Table 1), and corresponded to greater than 99.9% removal
efficiencies.

Characterization of PCBs in sediment inocula indicated the
congeners used in the PCB feed were not detected in C2, H7 and TI
reactor inocula. However, in Reactor No.2 (inocula F3), the higher

chlorinated, hexa- hepta- and octa-CBs were initially present.
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Measurement of PCB parent compound concentrations in reactor sediments
indicate a moderate increase in concentrations during Phase I and II,
and a rapid increase during Phase III (Figure C-10, C-11, C-12, and C-
13). PCB concentrations ranged between 0.4 and 1.2 umol/g TVS for the
individual parent compounds accumulated in all reactors by the end of
Phase III. Sediment PCB concentrations during Phase I and II, varied
between 0.1 to 0.3 umol/g TVS. Sediment parent compound
concentrations increased between 300 and 400% during Phase III.
Reactor No.l indicated the highest PCB concentrations at 1.2 umol/g
TVS, and Reactor No.4 the lowest concentration at 0.6 umol/g TVS.

Characterization of reactor solid extracts revealed the formation
of a potential PCB degradation product in Reactors No.l, No.3 and No.4.
The unknown compound was detected by observing the formation of a new
peak at a retention time (RT) of 24.15 minutes in sediment hexane
extracts analyzed by GC/ECD. The unknown peak was first detected in
Reactor No.3 at 93 days, at the base of the tetrachloronapthalene
internal standard peak (Figure 5-B). The peak continued to increase
(Figure 5-C) until it dominated the internal standard peak (Figure 5-
D). Figure 5-A represents the absence of the peak at 24.15 minutes in
the initial sediment inocula (time zero).

Analyses of Data from Reactors No.l, No.3 and No.4 was performed
by normalizing the unknown raw peak areas to the area of internal
standard and the mass of TVS extracted. Once the peak was identified,
concentrations in the sediments were determined. The increase in
concentration of the unknown with respect to time for the four reactors
is shown in Figure 6. The unknown in Reactors No.3 and No.4 followed

similar accumulation patterns during Phase II, except the unknown
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Figure 5. DB-5 Chromatographs of the Formation of the Unknown

Metabolite vs. Time at RT 24.15 minutes. (A) 8/24/87,
0.016 gms TVS, (B) 12/7/87, 0.015 gms TVS, (C) 2/3/88,
0.027 gms TVS, (D) 3/7/88, 0.082 gms TVS.
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emerged at 58 days in Reactor No.4 compared to 93 days in Reactor No.3
(Figure 6-C and 6-D). The unknown in Reactors No.l and No.2 was
undetected throughout Phase II (Figure 6-A and 6-B). Phase III
accumulations indicated similar sharp increases in the unknown
concentrations for Reactors No.1l, No.3 and No.4 (Figure 6). The
largest increase in the unknown’s concentration was observed for
Reactor No.3. The concentration of the metabolic product increased
from 10 nmol/g TVS at the beginning of Phase III, day 172, to 90 nmol/g
TVS at day 196, corresponding to a 900% increase (Figure 6-C).
Similarly there was a 360% increase in Reactor No.4. Silver Lake
sediment (Reactor No.l) also showed formation of the unknown. Reactor
No.l accumulated a concentration that was 20% of the concentration
accumulated in Reactor No.3 at the end of Phase III. The compound
clearly emerged after the parent compounds had been fed to the
reactors and responded to an order of magnitude increase in parent
compound concentrations.

The increased concentration of the unknown indicated a
correlation between a factor in the sediments and the increased
concentration of parent compound in the reactor influent. Formation
of the unknown occurred uniquely in the sediments and not during the
PCB extraction and cleanup procedure. This assumption was verified
from GC/ECD analysis of the PCB standard curve, madeup to quantify PCBs
in the sediment extracts. The results clearly showed no alteration of
the five PCB parent compounds during the acetone/hexane extraction with
copper metal and concentrated sulfuric acid treatment. Additionally,
Reactor No.2, with no metabolite formation, served as a control. The

pH and redox conditions of No.2 were similar to the other reactors.
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Analysis of Metabolite

The unknown compound occurring at 24.15 minutes was identified by
gas chromatography with mass spectrometric detection (GC/MS) and by
GC/ECD. Hexane extracts from Reactor No.l, No.3 and No.4 were analyzed
but only No.3 had sufficient mass to give positive identification in
GC/MS analysis. However the unknown’s RT (GC/ECD) indicated that the
unknown in the three reactors were identical. The unknown was
identified as a tetrachlorobiphenyl (tetra-CB) by comparing its mass
spectra with the mass spectra of tetra-CBs from a limited library of
known chlorobiphenyl congeners. The library used for GC/MS analysis
was derived from a library of PCB mass spectra used by the National
Institute of Health and The Environmental Protection Agency (Roberts,
1987). The unknown showed a dominant molecular ion at M/Z 292 and
auxiliary ions at M/Z 290 and 294 characteristic of chlorine atoms
(Figure 7). The ion was characteristic of ten tetrachlorbiphenyls:
22'44’-CB, 33'44’-CB, 23’4’5-CB, 23'55’-CB, 2356-CB, 2345'-CB, 22'66'-
CB, 33’55'-CB, 22’45’-CB, and 22’55’-CB. The compounds are listed in
order of decreasing goodness of match; best match was given for 22'44’-
CB.

The unknown was positively identified by Cochromatography.
Tetra-CB solutions of the best eight tetra-CB matches (all ten tetra-CB
except 22745’-CB and 22’55’-CB)(UltraScientific Inc., Hope, RI), were
madeup individually in hexane and analyzed by GC/ECD using identical
procedures as the unknown. Cochromatography of Reactor No.3 hexane
extract, and a 2356-CB stock solution identified the unknown as

2,3,5,6-tetrachlorobiphenyl. Its RT matched perfectly (Figure E-1).



A

B 11999 119

29
100 SSE:T:
330 =c)

r
g@e o
700 2ze Lre

//’ L
60w Leo

g
5 5d
0@ 110 F 7
499 4 L4

159
s0eq 2¢ 1 Lag
128 184

208 / I Ny 29
100 254 i”*l@

] ” [ [,

T T1k8 " 120 ' 14 ' 166 ' 186 ' 2B6 ' 226 ' 240 | 260 ' 288

Figure 7. Mass Spectra of Metabolite and 2356-CB. (A) Peak at 24.15
Minutes (GC/ECD); Reactor No.3 Hexane Extract at 3/7/88,
(B) 2,3,5,6-tetrachlorobiphenyl Reference Mass Spectra.



32
The seven remaining tetra-CBs each had unique RTs with a minimum of

0.95 minutes difference from the retention time of the unknown.

Identification of Parent Compound

Since 2356-CB clearly responded to increases in the parent
compound, and was not present in the parent PCB standard solutions or
Reactor No.2, it is a metabolic product. Based on the molecular
structure of the parent compounds (Figure 2) 2356-CB could only be
formed from 23456-CB. Thus, the parent compound, 23456-CB, was
dechlorinated at the para position to form 2356-CB (Figure 8).

The concentration of 2356-CB was determined from a standard curve
and compared to the concentration of the parent compound, 23456-CB
(Figure 8). Based on these results the metabolite clearly showed a
concentration increase in the later part of Phase II, and a sharp
increase in Phase III. Additionally, the increased metabolite
concentration during Phase III in Reactors No.3 and No.4 indicated a
significant decrease in lag time compared to the initial lag time

observed in Phase II (see figure 6).
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DISCUSSION

The results reported here indicate active methanogenic cultures
were developed in four anaerobic filter reactors degrading PCBs. PCB
Toxicity was not indicated because of the observed high COD removal
efficiency and rapid metabolite formation in Phase III. Results also
indicated PCB contaminated anaerobic sediments from the upper Hudson
River and Silver Lake have the ability to degrade 23435-CB.
Degradation products were not detected for the remaining four parent
compounds, 23'44’-CB, 22’44’66’-CB, 22’344’5'6-CB and 22'33'44’55'-CB
within the experimental time period. Formation of the metabolite,
2356-CB, indicated that the parent compound 23456-CB, was
dechlorinated at the para position in a reductive dechlorination
process:

1/2 PCB(ox) + e” + Ht = 1/2 PCB(red) + 1/2C1"~ + 1/2H*
It is apparent from these data that similar PCB degradation pathways
exist in anaerobic microorganisms of both Hudson River and Silver Lake

sediments.

Reactor Performance

Reactor performance during Phase I and II PCB addition indicated
an active methanogenic culture. This observation was supported by: (1)
rapid gas production during phase II; (2) an immediate four fold
increase in methane production resulting from a four fold increase in
feed COD; (3) COD removal efficiency was greater than 90% in Phase II

and greater than 97% in Phase III; (4) and rapid metabolite formation
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during high PCB 1o§ding in Phase III. Toxicity by PCBs or by the high
acetone concentration in Phase III was not indicated, but Tocalized
toxicity to high sediment PCB concentrations at the bottom of the
reactor was not discounted. Toxicity would have been detected with a

sudden drop in COD removal efficiency.
Metabolite

2356-tetrachlorobiphenyl’s spectra and RT perfectly matched to
the unknown metabolite. However, the similarity between mass spectra
of the 42 possible tetra-CB congeners suggests one or more tetra-CBs
could coelute with 2356-CB in the unknown peak at 24.15 minutes.
Positive identification of the unknown peak would require the
comparison of its RT with the RTs of the 42 possible tetra-CBs.
However, many of the compounds are unavailable. Mullin et al. (1984)
identified the RTs of 209 possible chlorobiphenyl congeners with GC/ECD
using a capillary column, phase SE-54, which was identical to the phase
used in the DB-5 column of our analysis. Their results indicated two
pairs of tetra-CBs with indistinguishable RTs. Additionally, RTs for
2356-CB and the remaining 38 tetrachlorobiphenyl congeners were
unique. The tetra-CBs which would elute closest to the unknown were
identified by their RTs as 22’45-CB and 2346-CB. The difference
between the retention times of 2356-CB and 22’45-CB, and 2356-CB and
2346-CB was calculated. The calculations showed the differences in RTs
for 22745-CB and 2346-CB were within 0.25 and 0.175 minutes of 2356-CB,
respectively.

Therefore, the possibility of the unknown being 2346-CB or 22’45-
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CB was further evaluated. Production of 2346-CB would suggest meta
dechlorination of 23456-CB or 3 dechlorinations of 22'344'5’6-CB at the
2’, 4’ and 5’ positions. Formation of 22/45-CB would suggest 3
dechlorinations of 22’344’5'6-CB at the 3, 4 and 6 positions or 4
dechlorinations of 22/33744'55'-CB at the 3, 3’ 4’ and 5’ positions on
the biphenyl ring.

However, because 22'45-CB and 2346-CB were not available for
cochromatography,the hexane extract containing the tetra-CB metabolite
was analyzed by M. D. Mullin at the US EPA Laboratory (Large Lakes
Research Station, Grosse Ile, MI). Results from Mullin’s analysis
confirmed our results that 2356-CB was the only tetra-CB metabolite in
the unknown peak at RT 24.15 minutes (Figure 5) in Reactors No.l, No.3
and No.4.

The formation of 2356-CB in Reactors No.l (Silver Lake sediment,
C2), and No.3 and No.4 (Hudson River sediments, H7 and TI
respectively) indicated that the reactors responded differently the
parent compound, 23456-CB. These differences were observed in the
initial lag times in metabolite formation and the final concentration
of the metabolite during Phase III (see figure 6 for comparison). The
observed lag times for Reactors No.l, No.3 and No.4 (186 days, 93 days
and 58 days, respectively) indicated more similarity between Reactors
No.3 and No.4 (Hudson River sediments). However, the final metabolite
concentration in Phase III for Reactor No.l, No.3 and No.4 (18, 90 and
24 nmol/g TVS) showed more similarity between Reactor No.l (Silver
Lake) and No.4 (Hudson River). The increase in metabolite formation
for Reactor No.3 during Phase III clearly showed a correlation to the

increased influent parent PCB compound concentration. The observed
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nine fold increase in metabolite concentration showed a stoichiometric
response (approximately 1:1) to a ten fold increase in the influent
parent compound concentration. Reactors No.l and No.4 indicated
noticeable increases in metabolite formation during Phase III, but did
not show the stoichiometry observed for No.3.

In addition to the different responses in metabolite formation
observed for each reactor, characterization of the reactor inocula
showed differences in % total volatile solids (%TVS), and background
PCB contamination. Characterization of the %TVS for each reactor
(Table 2) indicated a 3 to 5 fold higher %TVS fraction for Silver Lake
compared to Hudson River sediments. Analysis of metabolite formation
and the %TVS of each reactor indicated a correlation between the
higher %TVS and the longer lag times observed in Silver Lake (Reactor
No.1l). However the similarity in %TVS in Reactors No.3 and No.4 (5 and
4.5 %TVS) showed no correlation to their difference in lag times (93
days vs. 58 days, No.3 and No.4 respectively). Characterization of the
background PCB contaminants during GC/ECD analysis showed variations in
the apparent mass (peak area), but not in the congeners detected. Al]
reactors indicated similar congener compositions by observing nearly

identical RTs of the background peaks.

Comparison To Environmental Transformation Data

Although one or a combination of factors appear to affect the
concentration of metabolite and the initial lag times in each reactor,
we were unable to distinguish between them. However, these observed

variations in metabolite formation suggest different species, or mass
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of anaerobic bacteria degrade 23456-CB in Hudson River and Silver Lake
sediments. This observation is consistent with data from environmental
transformation of PCBs, which showed distinctly different degradation
patterns for Hudson River and Silver lake sediments (Brown et al.,
1987). Hudson River sediments showed characteristic degradation
patterns which resulted from the loss of chlorine atoms located in
positions meta and para to the adjacent phenyl ring in the biphenyl
molecule. Degradation was observed for moderately chlorinated
congeners up to hexa-CB. In comparison, Silver Lake sediments
exhibited chlorine removal patterns indicating ortho, meta and para
dechlorination processes. Dechlorination in Silver Lake was selective
for the highly chlorinated penta-, hepta-, octa-, and nano-CBs.

The different dechlorination patterns observed in PCB
transformations by Hudson River and Silver Lake sediments indicate
which of the five PCB feed congeners could be potentially degraded in
each sediment system. Analysis of the specific congener dechlorination
patterns indicate 23456-CB would be more degradable in Silver Lake
(Brown et al., 1987). Additionally, congener selectivity in Hudson
River sediments indicated potential dechlorination of 23'44’-CB,
22’344’5’6-CB and 22733’44’55'-CB. In comparison to Hudson River
sediments, Silver Lake indicated decreased dechlorination potential for
23’44’ -CB and increased potential for 22/344’5’6-CB and 2233’44’55’ -
CB. Both sediment types indicated no dechlorination competence for
22’44’66’ -CB.

It is apparent from our experimental results that the enhanced
degradation of 23456-CB observed in Reactor No.3 and No.4 (Hudson

River sediments) compared to Reactor No.l (Silver Lake sediment) was
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opposite to the expected results derived from environmental PCB
transformation data (Brown et al., 1987). Additionally, degradation
products of 23°44°-CB, 22°44°66°-CB, 22°344°5°6-CB and 22°33’44°55’-CB
were not detected throughout the 196 day experimental period. Because
of the experimental design and the observed background interference
during GC analysis, only the degradation products which produced unique
GC peaks were detectable. The likelihood of detecting other
degradation products from the remaining four PCB congeners was low, but
it did not preclude the absence of degradation.

Undoubtably, many physical and biological factors affect PCB
dechlorination patterns. Brown et al.,(1987) observed high variability
in environmental PCB dechlorination patterns within sediment sampling
sites, and the location of PCB degrading sediments appeared to be
random. With this variability in sediment samples (inocula) along
with the potential organic solids effect and the variability in reactor
sediment sampling techniques, the differences observed in the formation
of the metabolite was expected. However, the observation of identical
metabolite formation in Reactors No.l, No.3 and No.4 clearly indicated
biodegradative competence for 23456-CB in both Hudson River and Silver

Lake sediments.
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CONCLUSIONS

1. The metabolite formed in Reactors No.l, No.3 and No.4 was confirmed
by GC/MS and cochromatography as 2356-CB.

2. The parent compound, 23456-CB, was dechlorinated at the para
position to form 2356-CB.

3. Both Hudson River sediments, H7 and TI, and Silver Lake sediment,
C2, dechlorinated 23456-CB by producing the formation of 2356-CB.

4. Metabolite formation in Hudson River sediments, Reactors No.3 (H7)
and No.4 (TI), had the shortest lag times, and No.4 (TI) indicated the
most rapid production of 2356-CB.

5. Reactor No.2 (Silver Lake sediment, F3) indicated no formation of
2356-CB, and served as a control; physical-chemical dechlorination

processes (abiotic dechlorination) were ruled out.



LoA

ACKNOWLEDGEMENTS

This research was supported in part by General Electric Corporate
Research and Development, and by the National Science Foundation. We
thank General Electric for providing the background literature and the
sediment inocula used in our experiment. We would like to thank
Michael D. Mullin of the US EPA Lab, Large Lakes Research Station,
Grosse Ile, MI., for his generosity in analyzing our samples. We also
thank John F. Brown for the background information on the sediment

inocula, and Fred Roberts for the mass spectra analysis.



U

REFERENCES

APHA. "Standard methods for the examination of water and wastewater",

16th edition. American Public Health Association, Washington, DC, 1985.

Bedard, D. L.; Unterman, R.; Bopp, L. H.; Brennan, M. J.; Haberl, M.
L.; Johnson, C. "Rapid assay for screening and characterizing
microorganisms for the ability to degrade polychlorinated biphenyls."

Appl. Environ. Microbiol. 1986, 51, 761-768.

Bedard, D. L.; Haberl, M. L.; May, R. J.; Brennan, M. J. "Evidence for
novel mechanisms of polychlorinated biphenyl metabolism in Alcaligenes

eutrophus H850." Appl. Environ. Microbiol. 1987, 53, 1103-1112.

Bedard, D. L.; Wagner, R. E.; Brennan, M. J.; Haberl, M. L.; Brown, J.
F., Jr. "Extensive degradation of Aroclors and environmentally

~ transformed polychlorinated biphenyls by Alcaligenes eutrophus H850."
Appl. Environ. Microbiol. 1987, 53, 1094-1102.

Bellar, T. A.; Lichtenberg, J. J. "The determination of polychlorinated
biphenyls in transformer fluid and waste oils." United States

Environmental Protection Agency, 1981; EPA 600/4-81-045.

Bopp, L. H. "Degradation of highly chlorinated PCBs by Pseudomonas
strain LB400." J. Ind. Micrbiol. 1986, 1, 23-29.



L2

Boyd, S. A.; Shelton, D. R. "Anaerobic biodegradation of chlorophenols
in fresh and acclimated sludge." Appl. Environ. Microbiol. 1984, 47,
272-277.

Boyd, S. A.; Shelton, D. R.; Berry, D.; Tiedje, J. M. "Anaerobic
biodegradation of phenolic compounds in digested sludge." Appl.
Environ. Microbiol. 1983, 46, 50-54.

Brown, J. F., Jr.; Bedard, D. L.; Brennan, M. J.; Carnahan, J. C.;
Feng, H.; Wagner, R. E.; "Polychlorinated biphenyl dechlorination in
aquatic sediments." Science 1987, Vol. 236, 709-712.

Brown, J. F., Jr.; Wagner, R. E.; Feng, H.; Bedard, D. L.; Brennan, M.
J.; Carnahan, J. C.; May, R. J. "Environmental dechlorination of PCBs."

Environ. Toxicol. Chem. 1987b, 6, 579-593.

Brown, J. F.; Wagner, R. E.; Bedard, D. L.; Brennan, M. J.; Carnahan,
J. C.; May, R. J. "PCB transformations in upper Hudson River

sediments." Northeast Environ. Sci. 1984, 3, 167-179.

Fathepure, B. Z.; Tiedje, M.; Boyd, S. A. "Reductive dechlorination of
hexachlorobenzene to tri and dichlorobenzenes in anaerobic sewage

sludge." Appl. Environ. Microbiol. 1988, 327-330.

Furukawa, K.; Tomizuka, N.; Kamibayashi, A. "Metabolic breakdown of
Kaneclors (polychlorobiphenyls) and their products by Acinetobacter

sp." Appl. Environ. Microbiol. 1983, 46, 140-145.



43
Furukawa, K.; Tomizuka, N.; Kamibayashi, A. "Effect of chlorine

substitution on the bacterial metabolism of various polychlorinated

biphenyls." Appl. Environ. Microbiol. 1979, 38, 301-310.

General Electric Company Research and Development Program for the
Destruction of PCBs, Third progress report. General Electric Corporate

Research and Development, Schenectady, NY, 1984.

General Electric Company Research and Development Program for the
Destruction of PCBs, Fourth progress report. General Electric Corporate

Research and Development, Schenectady, NY, 1985.

General Electric Company Research and Development Program for the
Destruction of PCBs, Fifth progress report. General Electric Corporate

Research and Development, Schenectady, NY, 1986.

Goerlitz, D. F.; Law, L. M. "Determination of chlorinated insecticides

in suspended sediment and bottom material." JAOAC, 1974, 57, 176-181.

Hakulinen, R.; Woods, S. L; Ferguson, J.; Benjamin, M. "The role of
facultative micro-organisms in anaerobic biodegradation of

chlorophenols." Wat. Sci. Tech. 1985, 17, 289-301.

Hakulinen, R.; Salkinoja-Salonen, M. S. "Treatment of pulp and paper
industry waste waters in an anaerobic fluidized bed reactor." Process

Bio. 1982, 17, 18-22.



Ly
Horowitz, A.; Suflita, J. M.; Tiedje, J. M. "Reductive dehalogenation
of halobenzoates by anaerobic lake sediment microorganisms." Appl.

Environ. Microbiol. 1983, 1459-1465.

Hutzinger, 0.; Safe, S.; Zitko, V. The Chemistry of PCBs; CRC Press:
Cleveland, OH, 1974.

Kong, H. L.; Sayler, G. S. "Degradation and total mineralization of
monohalogenated biphenyls in natural sediment and mixed bacterial

cultures." Appl. Environ. Microbiol. 1983, 46, 666-672.

Liu, D. "Assessment of continuous biodegradation of commercial PCB

formulations." Bull. Environ. Cont. Toxicol. 1982, 29, 200-207.

Masse, R.; Messier, F.; Peloquin, L.; Ayotte, C.; Sylvestre, M.
"Microbial degradation of 4-chlorobiphenyl, a model compound of

chlorinated biphenyls." Appl. Environ. Microbiol. 1984, 47, 947-951.

McCarty, P. L. "Anaerobic waste treatment fundamentals. Part one:

chemistry and microbiology". Public Works. 1964, Sept. 107-112.

Metcalf and Eddy, Inc. "Wastewater Engineering:
Treatment/Disposal/Reuse"; Cerra, J. F.; Maisel, J. W. Eds; McGraw-Hill
Inc: NY, 1972.



L5

Mikesell, M. D.; Boyd, S. A. "Complete reductive dechlorination and
mineralization of pentachlorophenol by anaerobic microorganisms." Appl.

Environ. Microbiol. 1986, 52, 861-865.

Mullin, M. D.; Pochini, C. M.; McCrindle, S.; Romkes, M.; Safe, S. H.;
Safe, L. M. "High resolution PCB analysis: synthesis and
chromatographic properties of all 209 congeners." Environ. Sci.

Technol. 1984, 18, 468-476.

Owens, W. F.; Stuckey, D. C.; Healy, J. B.; Young, L. Y.; McCarty, P.
L. "Bioassy for monitoring biochemical methane potential and anaerobic

toxicity." Wat. Res. 1979, 13, 485-492.

Shatkay, A. "Effect of concentration on internal standards method in

gas-liquid-chromatography." Analyt. Chem. 1978, 50, 1423-1429.

Suflita, J. M.; Boyd, S. A.; Tiedje, J. M. "Dechlorination of (2,4,5-
trichlorophenoxy acetic acid by anaerobic microorganisms". J. Agric.

Food Chem. 1984, 32, 218-221.

Tiedje. J. A.; Boyd, S. A.; Quensen, J. F. "Reductive dechlorination of
PCBs in anaerobic microbial communities." General Electric Company
Research and Development Program for the Destruction of PCBs, Sixth
progress report: General Electric Corporate Research and Development,

Schenectady, NY, 1987.



L6

Tiedje, J. M.; Boyd, S. A.; Fathepure, B. Z. "Anaerobic degradation of
chlorinated aromatic hydrocarbons." Dev. Industr. Microbiol. 1987, 27,

117-127.

Tucker, E. S.; Saeger, V. W.; Hicks, 0. "Activated sludge primary
degradation of polychlorinated biphenyls." Bull. Environ. Contam.

Toxicol. 1975, 14, 705-712.

Woods, S. L.; Ferguson, J. F.; Benjamin, M. M. "Characterization of
chloromethoxy benzene biodegradation during anaerobic treatment”.

Environ. Sci. Tech. 1988, to be submitted.

Woods, S. L.; Benjamin, M. M.; Ferguson, J. F. "Anaerobic toxicity and
biodegradability of pulp mill waste constituents." Wat. Res. 1985, 18,
601-607.



L7

BIBLIOGRAPHY

Ahmed, M.; and Focht, D. D. "Degradation of polychlorinated biphenyls
by two species of Achromobacter." Can J. Microbiol. 1973, 19, 47-52.

"Analytical Chemistry of PBCs"; Erickson, M. D., Ed., Butterworth
Publishers: Boston, MA, 1986

APHA. "Standard methods for the examination of water and wastewater",

16th edition. American Public Health Association, Washington, DC, 1985.

Bachman, A.; Beard, V. L.; McCarty, P. L. "Comparison of fixed-film
reactors with a modified sludge blanket reactor". Pollut. Technol. Rev.

1983, 104, 384-402.

Bedard, D. L.; Unterman, R.; Bopp, L. H.; Brennan, M. J.; Haberl, M.
L.; Johnson, C. "Rapid assay for screening and characterizing
microorganisms for the ability to degrade polychlorinated biphenyls."

Appl. Environ. Microbiol. 1986, 51, 761-768.

Bedard, D. L.; Haberl, M. L.; May, R. J.; Brennan, M. J. "Evidence for
novel mechanisms of polychlorinated biphenyl metabolism in Alcaligenes

eutrophus H850." Appl. Environ. Microbiol. 1987, 53, 1103-1112.



48

Bedard, D. L.; Wagner, R. E.; Brennan, M. J.; Haberl, M. L.; Brown, J.
F., Jr. "Extensive degradation of Aroclors and environmentally
transformed polychlorinated biphenyls by Alcaligenes eutrophus H850."
Appl. Environ. Microbiol. 1987, 53, 1094-1102.

Bellar, T. A.; Lichtenberg, J. J. "The determination of polychlorinated
biphenyls in transformer fluid and waste oils." United States

Environmental Protection Agency, 1981; EPA 600/4-81-045.

Bidleman, T. F.; Burdick, N. F.; Westcott, J. W.; Billings, W. N.
"Influence of volatility on the collection of airborne PCB and
pesticides with filter-solid adsorbent samp]ers“. Chapter 2 in Physical
Behavior of PCBs in The Great Lakes; Mackay, D., Paterson,S.,
Eisenreich, S. J., Simmons, M. S., Eds.; Ann Arbor Science Pub Inc: Ann

Arbor, MI, 1983, pp 15-48.

Bopp, L. H. "Degradation of highly chlorinated PCBs by Pseudomonas
strain LB400." J. Ind. Micrbiol. 1986, 1, 23-29.

Bopp, R. F.; Simpson, H. J.; Deck, B. L.; Kostyk, N. "The persistence
of PCB components in sediments of the lower Hudson." Northeast Environ.

Sci. 1984, 3, 180-190.

Boyd, S. A.; Shelton, D. R. "Anaerobic biodegradation of chlorophenols
in fresh and acclimated sludge." Appl. Environ. Microbiol. 1984, 47,
272-277.



L9

Boyd, S. A.; Shelton, D. R.; Berry, D.; Tiedje, J. M. "Anaerobic
biodegradation of phenolic compounds in digested sludge." Appl.
Environ. Microbiol. 1983, 46, 50-54.

Brown, J. F., Jr.; Bedard, D. L.; Brennan, M. J.; Carnahan, J. C.;
Feng, H.; Wagner, R. E.; "Polychlorinated biphenyl dechlorination in
aquatic sediments." Science 1987, Vol. 236, 709-712.

Brown, J. F., Jr.; Wagner, R. E.; Feng, H.; Bedard, D. L.; Brennan, M.
J.; Carnahan, J. C.; May, R. J. "Environmental dechlorination of PCBs."

Environ. Toxicol. Chem. 1987b, 6, 579-593.

Brown, J. F.; Wagner, R. E.; Bedard, D. L.; Brennan, M. J.; Carnahan,
J. C.; May, R. J. "PCB transformations in upper Hudson River

sediments.” Northeast Environ. Sci. 1984, 3, 167-179.

Bruggeman, W. A.; Van der Steen, J.; Hutzinger, 0. "Reversed-phase
thine layer chromatography of polynuclear aromatic hydrocarbons and
chlorinated biphenyls. Relationship and hydrophobicity as measured by
aqueous solubility and octanol-water partition coefficient." J.

Chromatogr. 1982, 238, 335-346.

Fathepure, B. Z.; Tiedje, M.; Boyd, S. A. "Reductive dechlorination of
hexachlorobenzene to tri and dichlorobenzenes in anaerobic sewage

sludge." Appl. Environ. Microbiol. 1988, 327-330.



50

Furukawa, K.; Tomizuka, N.; Kamibayashi, A. "Metabolic breakdown of
Kaneclors (polychlorobiphenyls) and their products by Acinetobacter

sp." Appl. Environ. Microbiol. 1983, 46, 140-145.

Furukawa, K.; Tomizuka, N.; Kamibayashi, A. "Bacterial degradation of
polychlorinated biphenyls (PCB) and their metabolites." Adv. Exp. Med.
Biol. 1982, 136A, 407-418.

Furukawa, K.; Tomizuka, N.; Kamibayashi, A. "Effect of chlorine
substitution on the bacterial metabolism of various polychlorinated

biphenyls." Appl. Environ. Microbiol. 1979, 38, 301-310.

Furukawa, K.; Matsumura, F. "Microbial metabolism of polychlorinated
biphenyls: studies on the related biodegradability of polychlorinated
biphenyl components by Alkaligenes sp." J. Agric. Food Chem. 1976, 24,
252-256.

General Electric Company Research and Development Program for the
Destruction of PCBs, Third progress report. General Electric Corporate

Research and Development, Schenectady, NY, 1984.

General Electric Company Research and Development Program for the
Destruction of PCBs, Fourth progress report. General Electric Corporate

Research and Development, Schenectady, NY, 1985.



51
General Electric Company Research and Development Program for the
Destruction of PCBs, Fifth progress report. General Electric Corporate

Research and Development, Schenectady, NY, 1986.

Goerlitz, D. F.; Law, L. M. "Determination of chlorinated insecticides

in suspended sediment and bottom material." JAOAC, 1974, 57, 176-181.

Hakulinen, R.; Woods, S. L; Ferguson, J.; Benjamin, M. "The role of
facultative micro-organisms in anaerobic biodegradation of

chlorophenols." Wat. Sci. Tech. 1985, 17, 289-301.

Hakulinen, R.; Salkinoja-Salonen, M. S. "Treatment of pulp and paper
industry waste waters in an anaerobic fluidized bed reactor." Process

Bio. 1982, 17, 18-22.

Horowitz, A.; Suflita, J. M.; Tiedje, J. M. "Reductive dehalogenation
of halobenzoates by anaerobic lake sediment microorganisms." Appl.

Environ. Microbiol. 1983, 1459-1465.

Hutzinger, 0.; Safe, S.; Zitko, V. The Chemistry of PCBs; CRC Press:
Cleveland, OH, 1974.

Kong, H. L.; Sayler, G. S. "Degradation and total mineralization of
monohalogenated biphenyls in natural sediment and mixed bacterial

cultures." Appl. Environ. Microbiol. 1983, 46, 666-672.



52
Liu, D. "Assessment of continuous biodegradation of commercial PCB

formulations." Bull. Environ. Cont. Toxicol. 1982, 29, 200-207.

Masse, R.; Messier, F.; Peloquin, L.; Ayotte, C.; Sylvestre, M.
"Microbial degradation of 4-chlorobiphenyl, a model compound of

chlorinated biphenyls." Appl. Environ. Microbiol. 1984, 47, 947-951.

McCarty, P. L. "Anaerobic waste treatment fundamentals. Part one:

chemistry and microbiology". Public Works. 1964, Sept. 107-112.

Metcalf and Eddy, Inc. "Wastewater Engineering:
Treatment/Disposal/Reuse"; Cerra, J. F.; Maisel, J. W. Eds; McGraw-Hill
Inc: NY, 1972.

Mikesell, M. D.; Boyd, S. A. "Complete reductive dechlorination and
mineralization of pentachlorophenol by anaerobic microorganisms." Appl.

Environ. Microbiol. 1986, 52, 861-865.

Mullin, M. D.; Pochini, C. M.; McCrindle, S.; Romkes, M.; Safe, S. H.;
Safe, L. M. "High resolution PCB analysis: synthesis and
chromatographic properties of all 209 congeners." Environ. Sci.

Technol. 1984, 18, 468-476.

Neely, W.B. "Reactivity and environmental persistence of PCB isomers."
Chapter 5 in Physical Behavior of PCBs in The Great Lakes; Mackay, D.,
Paterson, S., Eisenreich, S. J., Simmons, M. S., Eds.; Ann Arbor

Science Publishers Inc: Ann Arbor, MI, 1983, pp 71-88.



53

Oleszkiewicz, J. A.; Olthof, M. "Anaerobic biofiltration - process
modification and system design." Pollut. Technol. Rev. 1983, 104, 403-
421.

Owens, W. F.; Stuckey, D. C.; Healy, J. B.; Young, L. Y.; McCarty, P.
L. "Bioassy for monitoring biochemical methane potential and anaerobic

toxicity." Wat. Res. 1979, 13, 485-492.

Roberts, F. Private communication. U.S. EPA: Newport OR, 1987.

Shatkay, A. "Effect of concentration on internal standards method in

gas-liquid-chromatography." Analyt. Chem. 1978, 50, 1423-1429.

Shelton, D. R.; Tiedje, J. M. "General method for determining anaerobic

biodegradation potential." Appl. Environ. Micobiol. 1984, 47, 850-857.

Shiaris, M. P.; Sayler, G. S. "Biotransformation of PCBs by natural
assemblages of fresh water microorganisms." Environ. Sci. Technol.

1982, 16, 367-369.

Speece, R. E. "Anaerobic biotechnology for industrial wastewater."

Environ. Sci. Technol. 1983, 17, 416A-427A.

Suflita, J. M.; Miller, G. P. "Microbial metabolism of chlorophenolic

compounds in ground water aquifers." Env. Tox. Chem. 1985, 4, 751-758.



54
Suflita, J. M.; Boyd, S. A.; Tiedje, J. M. "Dechlorination of (2,4,5-
trichlorophenoxy) acetic acid by anaerobic microorganisms." J. Agric.

Food Chem. 1984, 32, 218-221.

Suflita, J. M.; Robinson, J. A.; Tiedje, J. M. "Kinetics of microbial
dehalogenation of haloaromatic substrates in methanogenic

environments." Appl. Environ. Microbiol. 1983, 45, 1466-1473.

Tiedje. J. A.; Boyd, S. A.; Quensen, J. F. "Reductive dechlorination of
PCBs in anaerobic microbial communities." General Electric Company
Research and Development Program for the Destruction of PCBs, Sixth
progress report: General Electric Corporate Research and Development,

Schenectady, NY, 1987.

Tiedje, J. M.; Boyd, S. A.; Fathepure, B. Z. "Anaerobic degradation of
chlorinated aromatic hydrocarbons." Dev. Industr. Microbiol. 1987, 27,

117-127.

Tucker, E. S.; Saeger, V. W.; Hicks, 0. "Activated sludge primary
degradation of polychlorinated biphenyls." Bull. Environ. Contam.

Toxicol. 1975, 14, 705-712.

Woods, S. L.; Ferguson, J. F.; Benjamin, M. M. "Characterization of
chloromethoxy benzene biodegradation during anaerobic treatment".

Environ. Sci. Tech. 1988, to be submitted.



55

Woods, S. L.; Benjamin, M. M.; Ferguson, J. F. "Anaerobic toxicity and
biodegradability of pulp mill waste constituents." Wat. Res. 1985, 18,
601-607.

Wu, Y. C.; Smith, E. D.; Miller, R. D.; Patkin, E. J. 0. "Aerobic and
énaerobic treatment - submerged media reactors. Proc. Int. Conf. on
Fixed-Film Biol. Processes, 1st“, Kings Island, Ohio, USA. 1982; April,
20-23.

Yalkowsky, S. H.; Valvani, S. C.; Mackay, D. "Estimation of aqueous
solubility of some aromatic compounds." Residue Reviews. 1983, 85,

43-55.



APPENDICES

56



APPENDIX A

Physical and Chemical Properties of

Polychlorinated Biphenyls

57



Table A-1
Physical and Chemical Properties of Chlorobiphenyls

Compound ‘MW Vapour Pressure Log Kgy© So]ubi]ityb

(mm Hg, 259 C)3 in Hy0
(ppm)

23’44’ -CB® 291.99 4.6x10-5 6.674 0.058

23456-CB 326.44 - 6.85 0.0068d

22’44’66’ -CB 360.88 1.3x10°° 7.12 0.000914

22'344'5'6-CB 395.33 - - -

22'33'44'55'-CB  429.77 - 8.42 0.0014d

a  Neely, 1983

b Hutzinger et el., 1974

€ Bruggenman et al., 1982

g Yalkowsky et al., 1983

2,3',4,4' -tetrachlorobiphenyl (typical)

Melting point
0

124
123
112.5

156.5

89
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The following tables contain the results from the semicontinuous
upflow anaerobic filter degradation of PCBs during the period from
8/24/87 to 3/7/88. The raw and normalized peak areas are contained in
symphony worksheets; file names: RXR-S1A.WR1, RXR-S2A.WR1, RXR-S3A.WR1
and RXR-S4A.WR1. (corresponding to Reactors No.l, No.2, No.3 and No.4).



Table B-1.

Reactor No.l "Silver Lake C2" GC/ECD Results

Reactor no.l

"SILVER LAKE C2*

61

NORMALIZED DATA(NORMALIZED TO ISTD AND SOLIDS CONCENTRATION)

RT descriptB/24/87 10/20/8711/23/8712/7/87 1/4/88

ain
10.100
10,610
11,000
11,360
11,760
12,170
12,420
13,180
13.760
14,080
14.830
15,250
13.700
15,830
16,470
16,830
17.270
17.970
18,580
19.080
19,300
19.930
20.410
20,380
20,900
21,620
21,930
22,990
23.210
23,360
23.800
24,130
24,330
24,830
25,070
25,300
23,910
26,750
27,200
27.330
28,060
28,510
28,916
29.700
30,600
30,900
31,430
3710
32.420
33,200

ISTD

6k PCRH

GE PCBH3

AREA.N
0,00
0,00
1.13
23,03
0.00
0,00
0,00
0.70
.00
1.24
0.00
0,00
0,00
0,00
0.00
0,00
0,00
0,00
7,00
1.07
0,00
0,00
1.62
0.00
0,00
1.51
0,00
0,00
7.24
7.51
2,20
0.00
89.29
2.19
9.00
0,00
0,00
0.00
0,00
1,73
0,00
0,00
0,00
1.30
0,00
2,31
1.17
2,35
1.18
0,00

AREA.N
0.90
0.00
1.19
7.69
0.00
0.00
0.00
3.3
0.00
0.00
1.48
0.00
0,00
0.00
0.00
1,42
0.00
0,00
0,00
0.00
0.00
0.00
1.77
0.00
0.90
0.00
0.00
0.00
0!
0.00
0.00
0.00

131,38
0.00
0.90
0.00
0.00
0.00
0.00
0,00
0.00
0.00

18.886
0.00
20,58
0.00
0.00
0.00
0.00
0.00

AREA.N AREA.N
0,00  0.19
1,30 0.00
4,27 079

27,47 572
2,57 0.42
0.49  0.11
0.00  0.41
5.28 0.96
0,00 0,00
7.5 32.83
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Table B-1. Reactor No.l "Silver Lake C2" GC/ECD Results

Feactor no.1  “SILVER LAKE C2"

NORMALIZED DATA(NORMALIZED TG {STD AND SOLIDS CONCENTRATION)

RT descript8/24/87 10/20/8711/23/8712/7/87 1/6/88 1/22/88 2/3/88 2/15/88 2/18/88 2/23/68 3/1/88 3/7/38

ain AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N
33.750 0.00 0,00 0,00 0,98 1,61 000 0,00 2066 .23 1,50 .48 .97
34,380 9.00 0,00 0.00 0.48 0,00 0.00 0.00 .13 1,02 0.57 0.87 0.72

35.030 GE PCB¥Z  0.00 20.28 350.92 594.05 974.59 1614.11 857,43 1987.89 1535.35 2856.73 3009.16 3350.50

35.720 0.82  0.00 0.00 074 430 0.00  1.03 17T 000 122 158 1.84
36,030 3.2 0,00 1078 393 9.8 tesmamyy 624 10,47 16,96 .75 9,25 1313

37.030 .00 000 23,38 7.41 15,02 19039 2,26 2,92 326 1,59 1,59 .07
37,310 0,34 0,00 9.87 315 7280 .60 257 L6 439 276 94 112
37.730 L1 0,00 621 20,67 503 S.13 229 324 3.48 2,30 2.8 Z.82
38,163 0,00 0.00 0,00 6,89 1455 18.16 402 443 8,07 L3I ILI2 .17
38.510 339 1,98 0.00 45,29 5796 7276 25.52 29.50 38.42 24,12 2B.60  25.82
18,650 0.00  0.00 98,71 0,00 0.00 0,00 0.00 0,00 0,00  0.00  0.00  §.00
39.430 230 000 0,00 0,00 0,00 0,00 0.00 1,96 242 1.33 1,34 1.3
39,63 0.00  0.00  0.00 45,29 0,00 0,00 0,00 0,00  0.00 0,00 0.5  1.02
39,950 0,00 0.00 5.8 0.9 .01 2,38 0.00 0727 0,92 077 L0 0.83
40,200 0.84  0.00 12,18  8.24 1563 21,50 7.2 L7 10.95 1248 15.25  14.93
40,730 33T 1,81 1815 17.82 25.16 46,80 0.00  50.91  37.63  40.31  49.35  82.5¢
41,920 .31 0,00 9.93 4.55 2,07 1694 2369 346 0.9 073 .38 0.8
42,530 0.00 0,00 10.04 4,62 2,16 0.00  8.97 L 0.55  0.42 .18 0.93
42.940 2,69 0,00 24,25 370 53 15,99 838 821 650 462 5.2 4,27
43,170 0,00 0.00 0,00 35T 0,00 0,00 0.00 0,00 0,00 0.00  0.85 1.15
43,680 0.00 0,00 0.0 0,00 0,00 0.00 0,06 .00 0.85 0.61 0.08 0.5
44,100 0.00 0,00 0.00 0,61 0,00 0,00 1.00 0.46  0.33  0.64  1.38  0.83
44,340 0,00 0.00 367 314 be4 5% ATL 10,12 7.49 12,03 1457 1179
44.730 GE PCBB4  0.00 28.22 596,21 573,46 924,53 1750.45 B842.83 2063.40 1279.97 2332.35 2331.70 2935.04
43.780 .78 0,00 3,200 0.42 0,00 863 2,91 0,00 0.00  0.00 0,00 0,00
45,250 .00 0,00 0,00 0.00  0.00 0,00 0,06 0.00 8,58 22 049 143
46,710 0,00 0,00 0.00 1,04 1,48 0,00 0,89 1,65 l.al 095 1.15 1.4l
47.130 0.00 0,00 0,00 0,00 0,60 0,00 0,00 0,00 0.5 0.5 0.88  0.43
48,170 0,00 0,00 0,00 1,01 Lt 238 L4718 343 L79 4.82 592
48,800 0.0 000 000 2,70 LI 7,26 2700 2,53 S 1.89 311 .4
49,963 000 0,00 0,00 0000 137 0,00 0.00 103 2,74 2,02 1,00  2.52
30,320 11,63 22,16 167.97 112,38 282,02 185.80 3141 100,36 39.03 28.04 720.45 18,44
31750 G.00 000 0,00 0,00 000 000 0,00 183 Lal Lo 0.3 2.94
52,230 B 0,00 L7000 LB Gad6 ILZL 0.00 0,00 2,78 0.6 0,00 0,00
52,730 0,00 0,60 000 6,00 0,00 0.00 0,00 0,00 9,00 0.00 0,00 044
33.370 0.00 0,00 008 6,00 0,00 0,00 0,00 0,00 0,57  1.06  0.54  0.46
35,100 5,00 0 00 2.84 2,32 39.86 6,23 329 %10 5.8 (1,35 14,90 18.92
39,860 GE PCEMS 0,00  33.97 1073.49 1104.89 1797.35 3177.81 1657.78 4113.64 2384.04 4315.92 4709.55 S462. 14
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Table B-2. Reactor No.2 "Silver Lake F3" GC/ECD Results

Reactor no.2  "SILVER LAKE F3*

NORMALIZED DATA(NORMALIZED TO ISTD AND SOLIDS CONCENTRATION)

RT descript8/24/87 10/20/8711/23/8712/7/87 1/6/88 1/22/88 2/3/88 2/15/88 2/18/88 2/23/88 3/1/88 3/7/88
ain AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N

10,100 0.37 0.30 0,00 0,35 0,00 0,00 0,98 0,88 1.25 1.0 0.7  0.85
10,610 0.00 0,00 1.29 0,33 0,00 0,00 0,00 0,00 1,13 0,40  0.00 0.4
11,000 0,31 0.19 400 1,22 0.1 0,00 0,00 2,17 317 .30 0,35 1,05
11,360 .02 16 629 592 830 419 .49 549 20,71 12,81 12,75 5.88
11,740 0.33 0,34 0,00 0,00 0,00 1,64 0,48 2,26 0.00 0,00 0.98  0.79
12,170 0.00 0,00 0,00 0.00 0,00 0,00 0,00 2,89 0,00 1,37 0.46 0,14
12,420 .10 0,00 0.0 0.3 0.34 1.13  0.83  0.00 0,00 0,00 0,00 0,00
13,180 0.5 013 L7 0.3 057 L2721 0,45 036 0,00 0.00 0,12
13,780 0,14 0,20 139 0,47 0,29 0,45 2,90 0,64 2,67 2,19 2,70 2,80
14,080 273 168 0,00 948 679 389 21,38 0.00  0.97 0.0  7.57 1.57
14,830 0,00 0,00 0,00 000 0,37 0,00 0,00 0,006 0,00 0.00  0.00 0,00
15,220 0.00  0.06 0,00 .00 0,51 0,00 0,51 073 0,00 0.48 0,54 0.2

15,470 1580 7.0 0.00  8.54 2,36 455 18,47 9.57 3397 28.28 2097 5,07
15,700 0.00  0.00  0.00  0.00 0,00 0,00 0,00 0,50 0,00 6,00 0.00 0,00
15.850 9.00 0,00 000 0,36 1,80 9.9 1,20 L.&3 000 147 L7 6.19
16,270 0.22 1,25 L2 1.34 9,58 L1747 2,29 913 789 9,87 8.89
16,470 0.00 0,00 0,00 0,00 0,81 0.42 0,85 6,90 0,00 0,00 0,50  0.60
16,630 0.44  L.29 0,00 (.05 0,88 1.26 3.B7 2,23 .86 S5.77 .05 421
17,270 0.00 0,00 0,00  0.00 0,00 0,00 - 0,00 0.00 0,00 0,00 0,25 0.19
17.450 47,29 1423 0.00 9,03 422 7,59 3255 16,72 61,38 48,20 52.94  49.44
17.97¢ 0,33 0.00 0,00 0,00 0,00 0,00 0,00 £.00 0.00 0,00 0,00 .00
18.700 100,72 34,37 1,23 20,16 11,18 18,93 B0.47 39,86 142,06 112,32 126.58 115,64
19.080 103,49 35,27 .07 44,90 22,93 20.62 12063 29.21 111.21 92.80 116,13 97.9%
19,500 12,34 389 0.00 (.76 0.82 1.56 9.08 359 13.46 11,66 15.11 12,84
19.930 0,43 0,27 0.00 0,00 0,00 0,00 1,05 0,99 1.0 0,87 0.50 0,97
20,270 S.65 1,06 0.00 0,00 0,00 0,00 2,26 1,30 483 377 421 3.9
20.410 2,33 8,03 0,00 487 314 480 18.00  8.86 30.10 25.92 30.99 29.28
20,3580 40,20 15,30 0,00 7.40 403 7,27 359 15.53 5447 50.02  61.94  S5b.44
20,300 L2 43 0.0 .28 0,85 243 9.1 435 17.34 15.00  18.70 17.33
21,620 39.29 11,98 1,36 7.8 §5.84  8.03 29,51 17.26 S2.B1 41.58 45.97 42.8
21,930 .42 .15 1,33 542 6,200 5,80 19.67 13,35 LB 25.75 29.40  25.91
22,430 350 L3200 0000 070 0.4 0,63 2,93 1,45 5.7 454 5.4 4.80
3210 .91 23,64 10,42 22,18 31,49 25,09 81,05 5.51 110.20 89.61 104,06 §7.81
23,340 84.89 26,05 0.00 17,43 15,06 18.62 119.34 35,32 110,52 87.73 98,35 91.13
23.800 : 83.99  23.49 0,00 12,66  8.82 9,99 5495 28,74 92,15 77.04 88.29 8234
24,130 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 0,00 0.00  0.00  0.00
24,330 187D 14,08 10.47 .4.00 39.68 3479 48,78 82.16 84,03 117.16 48,35  32.94 42,83
24,830 1.2 409 0.9 LI 248 L2613 5.8 11,05 10,27 16,07 82,34
23,070 6,21 641 0,00 2,88 394 .76 17.83 %.40 21.B4 19.27 26,22 23.04
23,500 8 135 000 0,78 0.80  0.58 5.8 1.59  4.57 397 S5.14 480
5,910 G5.89 7,48 0,00 437 291 369 21,98 .64 2598 23.83  30.73  27.59
26.480 1710 6,43 0.00  9.39  5.29 415 1.1 478 15.36  13.22 18.04 14,55
27.200 10,32 0,00 4,00 0,00 0,00 0,00 0,00 367 9.9 8.6 1420 9.38
27,530 1501 133,01 3.47 924,32 269,20 102,04 2244.28 2,29 {1.85  S5.48 40,37 9.49
28,060 .94 211 000 0,80 9,95 1,23 .9 249 B30 .02 856 7,98
28,510 2,08 0.90  0.00 600 0,00 000 119 0,25 1,52 1,55 2.94 3,44
28.910 GE PCBEL 0,00 26,63  49.34 143,41 125,28 211,71 405.70 &47.15 S$85.36 876,02 {1i2.87 973.57
29.700 37,50 9.66 168 5.8 29 535 2.4 10,22 38.38 3L 3.8 3452
10,600 GE PUBET  0.00  8.80  42.04 148.87 138.57 207.086 379.96 45B.54 588.70 477.80 305.75 701.25
30,509 46,62 1109 0000 7003 4093 7067 26,97 15,29 47.05  39.47  42:64 41,22
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Table B-2. Reactor No.2 "Silver Lake F3" GC/ECD Results

Reactor no.2  "SILVER LAKE F3"

NORMALIZED DATA(NORMALIZED 70 ISTD AND SQLIDS CONCENTRATION)

RT descript8/24/87 10/20/8711/23/8712/7/87 1/6/88 1/22/88 2/3/88 2/15/88 2/18/38 2/23/88 3/1/88 3/7/88

ain AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N
31,450 23.85  6.60 0,00 3,87 2,29 3.84 15.15  8.47 2673 22.99  26.37  25.50
LT 68.14 17.23  5.83  9.4Z  &.1B 10,06 38,25 20.90 67.56 57.51 65.00 43,65
32,420 47.9¢ 1130 328 624 A1 6,62 2507 1372 44,83 3B.75  44.95 42,55
33.200 15.76 323 0,00 1,65 105 74 7,06 370 1234 11,29 13.87 10,25
33.750 10,18 2,20 0.00  L.16 0,78 L.10 4,82 2,48 830 .52 S8 8.52
34,360 7.8 15 0,00 112 1,07 0.80 449 2,89 7,94 4,66 8.4 B.53
35.030 GE PCB42 0,00 17.08 81,91 299.33 294.69 409.53 816.467 1598.02 1265.23 1932.50 2410,12 2081.24
35.720 18,26 443 0.00 2,09 376 223 1Les A6l 2013 13,39 14.66 18,78
16,030 82.86 21,73 5.08  9.86 8.79 10.22 48.42 20.43 7.62  69.02 &3.44 83.23
37.030 0.00  0.00 6,19 1.83 9.25 2,54 0.00 .22 0.00 0,00  0.00  0.00
37.310 38.47 B4 3.3 674  5.34 S8 27,90 12,17 38,20 3118 36,02 30.20
37.750 3429 7.3 245 427 245 488 18,37 10010 29.52 28,33 29.23  15.97
38,165 1320 292 466 347 100 429 12,49 10,96 1449 $3.37 16,34 11.38
38,510 134,87 36.66  39.94  20.98  39.47  37.03 116,95 90.20 170.51 130.74 171.18 135.78
18,630 0.00  0.00 0,00 0.00 0,00 0,00  0.00 0,00 0,00 0,00  0.00  0.00
39.430 1377 2,36 000 1,83 L1413 T.34 474 8.82 10,14 11.91  B.88
39.630 9.76  L.39  0.00  0.00  0.00 0,00 329 L7748 580  7.06 5.3
39.980 600 0,00  0.00 600 1,08 0.45 0,00 1.45 0,00 0,00 0,00 0.00
40,200 45,74 9.41  5.85  7.83  9.49 8.58 27,32 21.6% 44,15 4225 49.84 19.90
40,730 100,34 22,66 10.87 18.41 14.83 22,83 47.44 7302 115.12 110,73 126,08 111,20
41.500 L1t 0,200 0,00 0,00 9,00 0,00 0,91 600 1,30 (.46 0.8 0,77
41,920 17.32 %67 .90 7.83 2,83 302 B.90 6,85 15.37 12.78 14,20 12.35
42,330 15,37 2,92 5.06 2,00 2,74 1.86 7.12 406 12,23 10.29 11.77 10,78
42,940 138.47  29.16 1171 13,60  9.25 15.29 60.79 29,99 107.84 101.12 115.10 193.92
43.170 0,00 0,00 0.00 0,00 0,00 0,00 0.00 0,00 6,00 0,00 0,00 0,00
43,680 16,43 2,89 0,00 2,79 .34 i 519 .87 9.95 9,78 1125  10.52
44,100 218 0,28 0.00 000 0,00 0,35 © LBl 0.75 L6l 156 1.8%  2.02
44,340 61.43 12,03 G700 2616 851 B0 28,38 1876 46,60 47,53 54,70 47,70
44,730 BE PCBM 21.79  19.82 264,37 319.20 289.62 466,43 344,50 1492.31 1303.81 1508.52 1793.02 1527.37
45,130 16,38 3.36  0.00  0.00  0.00  0.00 10,76 0,00 18.58 16,17 16,79 15,08
13,610 392 0,36 9.06 .00 0,00 0,00 2,83 0.00 402 320 373 4.28
46,250 2512 &0 L300 33T LB 3120 8,42 498 14,09 14,74 18,53 14.90
46,710 3600 633 247 389 242 415 (301 8.25 0 23,99 22,66 24,30 22.40
47,130 25,82 481 .29 2,83 L7200 2.8 9,03 5.5 16.98 1441 19,89 14,58
43.170 799 L300 0000 6,38 0.8 121 445 S0 601 430 847 691
48, 800 104,33 17.19  7.88 7.43 7,95 9.17 35.72 23.85 97.31 5751 4B.26  55.87
49,963 2,20 0.3 0.00 0,00 0000 0,00 0,00 0,00 349 .65 2.80  1.94
$0.520 7381 4,96 46,64 29,29 306,43 31,92 221 9974 53,33 27.22 626,54 93.39
3L.73) 5.9 8 I T2 2230 425 19.80 14,200 29,74 30,92 35,70 30.55
32,230 139 423 000 0,00 1,41 0,00 0.00  0.00 4,03 1,99 0.00  0.00
52,730 B9 OLTI 000 LeS L25 L7000 837 523 1449 12,98 13.62 12,50
33.370 28.79 423 000 174 1,04 2,12 7.9 416 15,15 13,81 15.40 1789
$5.100 2,40 0.4 0,00 133 L3 LS9 423 877 876 8.2 11,9 9.2
37.010 1133 L& 0,00 0.82  0.00 1,07 345 2,09 &80 6.1 .87 5.98
39.860 GE PCBS 28.26 28.70 506.50 580.32 3539.59 918.54 1688.81 3082.73 24§7.92 2776.09 3194.23 2788.27
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Table B-3. Reactor No.3 "Hudson River H7" GC/ECD Results

Reactor no.3  "UPPER HUDSON 47°

NORMALIZED DATA(NORMALIZED TO [37D AND SOLIDS CONCENTRATION)

LFY

RT descript8/24/87 10/20/8711/23/8712/7/87 1/6/88 1/22/88 2/3/88 2/15/88 2/18/88 2/23/88 3/1/88 3/7/88

ain AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N
10,100 0,00  0.00 0,00 0.43 0,16  0.00 026 036 0,43 017 0,22 0.13
10. 400 0.00 000 0.00  0.00  0.00 0,00 0.25  0.00  0.00 0,00  0.00  0.00
11.330 L300 034 27,42 13,49 7,03 28.44 9,02 0.97  L.e9 1,54 75 L9
12,170 0.00 0,00 0.34  0.00  0.49  0.00  0.00 1,36  0.25  0.49  0.47  40.09
12,429 G.00 0,00 9,00  0.30 0.3 7.8 030 .00  0.00  0.00 0,00 0.0
13. 180 0.6 0,17 L3 127 050 382 105 0040 0037 014 0,06 0409
13.750 0.59  0.26 .24 687 500 573 S 81 417 450 6.9 5.03
14,080 0.6 0,00 3.9 18,99 5,08 920 B8 0094 0000 023 0.2 0459
14,830 0.38 wld 000 671 L 00000 0.5 0.7 0.80 0,34 148 0.9
15,473 6,67 .21 13,88 7b.62 27003 60.00  S7.07 3890 44,90 37.86 53,73 42.56
16,230 0,27 0.3 038 250 .02 L7 L33 250 2003 3 L4z L4
16,630 0,97 0.35 246 668 LSl 526 602 589 S.66 574 .05 4.28
16.830 136 Lee B4 3LIL 1397 24,22 29,38 1B.63  27.44 26,57 42,23 28.7%
17,680 8.02  1.70 18.99 75.93 30.16  60.54 53.B9 43,12 45.01 3577 47,34 40.8b
18.175 0.00  0.00 0,00  9.00 0,06  0.00 0.3 0.00  0.00 6.28 0.3 0,00
18.430 018 0,10 0,00 0,00 0,00 9,00 0,00 G.89 116 15 1,91 112
18.700 5,98 2,32 (1,20 39.04 15,737 25.63 3444 18.84 31,88 28.06 42,98 28.32
19.090 8.31 L7 23.30 140.31 39.47 51,56 9%.96 44,15 50.76 45,88 55.14  51.82
19.505 327 0.6%  7.24 27.62 10,78 16,89 26,36 14.95 18,18 1B.60 28,72 21.57
19.940 0.45  0.10 1,43 456 165 318 4.2 2,97 292 2,67 399 .18
20.270 0.16  0.00 1,08  3.27 0,00 0,00 323 272 1.9 L33 0.00 1,78
20.420 3.28 091 7.40 20,49 (1,02 18.41 20.64 14,18 16,47 1,57 2352 15.48
20,380 0.94 0,39 2.5 7.25 L72 7.8 .84 .82 9.99  9.59 50.07 58.9¢
20.910 6,58 2,09 13,53 39.94 18,03 30.26 356 27.81 37.04 36,73 58,76 40.45
21.640 3.9  0.81 {7.61 3439 17.80 28.69 32,81 39.44 23.50 19.70 25.06 21.04
21,963 120 0,00 17.92 12,34 11.89 10.66 11,23 43.68 10,00  9.26  6.61  9.29
22,060 0.00 0.35 0,00 0,00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0,00
22,440 0.45 0.10 1.9 453 2.2 282 45 379 318 2,97 398 .59
23.230 4,07 0.86 120.66 55.06 72,78 44,47 45,09 320.8% 52.43  40.78 42,10 32,28
23.570 411 .12 28,20 26,52 20.60 22,52 24,99 88.72 20.61 18,26 21.54 17.09
23.800 287 0.67 14,18 28.16 14.81 20,01 28.94 0,00 20.65 18.83 24.001 19,71
24,120 2.00 0.00 0,00 303 7.Z4 0,00 15.55 1S.51 14,65 13.95  91.95 109.18
24,330 18TD 10,00 9.89 840 85,83 58.07 213.68 37.52 11686 6167 17.73 1949 12,17
24,845 038 01t 0,00 2,55 376 LLBL 2,85 49.74 419 3,93 3,97 2.9
25,120 127 0.4 1L37 0 8.54 7009 648 8.69  22.85 10,71 .93 160 9.32
25,920 6,31 013 2,47 508 2,41 367 498 418 3,92 348 420 35.46
23,933 L3 634 470 1830 5420 943 1371 832 10,29 11.48 18,06 14.30
26,383 0.7 0.00 0.80 5,08 1.2 0,00 307 L7L LI 088 0.8% 0.97
26,680 0,52 000 2,31 15,48 L33 .98 9.08 476 2,99 2,58 345 2.9
27.330 373 00.39 19.28 177429 79.78 27.75 514014 132 0.86  8.00  0.00  2.12
28,120 2,62 0,26 L7 448 2,26 .12 464 .84 LB1 LIB 0 519 44
28.510 147 018 109 276 12 246 298 136 2,29 1.9 ST .56
28.920 GE PCBEL  0.00  6.33 130.13 270.45 213.27 276,41 258.64 544,10 3B5.60 713.01 1171.48 799,52
29.720 0.47 0,00 219 512 218 379 545 264 291 .39 L3 3,32
30.603 GE PCEEI 0,00  5.12 171.98 269.87 202.26 356.75 254.00 557.29 13189.87 572.49 895.12 400.82
30,995 1,36 0.00 6.24 12,34 5.27  0.00 10.28 0,00 8,36 0,00  0.00  0.00
31,463 042 0,00 2,20 512 212 443 500 328 %446 2,20 .05 2,94
31735 070 0,00 3.12 675 2,87 541 680 449 5012 378 577 4,44
12,135 0,00  0.00 0.00 1.33  0.59 0,00 L4 L4 L.1B 0,58 0.%0 0,77
32,405 0.35  0.00 L14 2,43 128 0,00 2.9 .62 2,20 1.6 2,49 2,04



Table B-3.

Reactor No.3 "Hudson River H7" GC/ECD Results

Reactor no.3

"UPPER HUDSON H7*

66

NORMALIZED DATA(NORMALIZED TO [STD AND SOLIDS CONCENTRATION)

RT descript8/24/87 10/20/8711/23/8712/7/87 1/6/88
AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N AREA.N

sin
33,225
33.470
33.750
34,360

33.033 GE PCBE2

35,720
36,030
37.330
37,730
38,163
38,308
38,630
39.450
39,6435
40,203
40.730
41,9235
42,335
42,935
43,680
4,110
44,340
44,7435
43,900
456,230
46,725
47.080
47.780
48,183
48.800
49.963
50.3520
S1.760

2,258

L en N own
~3 S O~ h 4P
0o -0 -0 <> Cd
0O 00 L4 -0 ~d

LN en oLt o

GE PCBY4

0.13
0.29
0.00
0.00
0.00
0.74
2.34
1.19
0.39
0.17
0.37
0.00
0.17
0.34
.30
0.49
0.38
0.14
1.79
0.87
0.00
0.98
0.00
0.23
0.12
0.29
0.43
0.00
0.00
0.2

0.00

10.32

0,00
0.00

<
<
<

OO D O DD OO O D O
O D e D N O — O O
OO OO N U OGO

O
[0 I o =]
-0 — O~

0.25
0.30
0.08
0,00
0.41
7.91
0.00
0.00
0.00
0.00
0.00
0.90
0.09
0.00
2.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.98

0.00
2.39
.11
0.00
278.01
3.1
16,45
22.32
11,33
0.00
187.30
0.00
23.81
4,23
14,24
18.94
3.80
0.83
7.03
4,45
0.00
3.70
391.54

D N s 0O R O MR — D
3 O S Cd O S Uy O
P R N 2 T I+ S I =

'
+

2,68
0.00
1.39
1.42
0.00
703.23

1.19
2,43
0.00
1,13
338.14
3.94
17.72
17.48
6,77
5.18
31.33
0.00
2.92
370
1.34
20,
8.
7.

" —

4’7
41
81
17.39
9.40
0.00
8.99
369.79
2,25
2,75
4,36
3.72
0.79
1.41
2,67
0.00
49.14
.18
1,06
4.59
2.99
.29
.30
0,00
1632.18

0.60
1,43
1,23
1.31
434,38
4,43
15,81
14,26
1.37
0.00
93.82
0.00
4,68
3.2%
17.98
16.78
3.34
3.40
9.73
8.80
0,00
6,43
430.36
.80

<

D P L O R G
~0
£=3

[ 35 I oS I 0% )
.
~

g96.

1722/88 2/3/88

12

0.00
3.40
0:00
0,00
469,62 3
4,27
18.64
20.89
15.20
9.18
33.39
0.00
0.00

<
<
L=1

3 L1 O O
m — O P & N O
\J o <O ¢4 -0 O -0
o -0 M) O d o LN

9 90
708,03 S

14,06

0.00
.28
7
4,33
0.00
A3
00
.48
.00
.00
2.87
2. 33
T
.99
00
.27 107

~3
'\J (/l

—
FJOOJ—"JIJOO»OFJ

(/l

L399 0,75 0.

81

2711 .8 LN
1,23 3.68 0,00
L33 L9 1.28
29.36 1302.31 B844.00
4,48 393 L.95
20,63 1493 18,37
13,79 43.34  9.89
6,77 18,61 4,45
3.39 000 7.29
23,60 442,02 20.04
0.00  0.00 0,00
2,36 0,00 2.8l
4,76  9.92  3.84
115 %22 152
2,00 5521 25,7
4,13 &332l
1L.39  L1§ 1.35
15.52 9.42  8.78
8.28 5.12  I.38
0,26 0,49 037
9.86 10,38 7.26
47.86 1375.33 887.13
0.00  0.00 0,00
215 9,00 0.8l
438 19.16 L.7!
.88 873 2.03
1,18 0,00  0.67
.03 3151 278
6,43 0,00 6,40
2,29 4321 0.00
22,78 879.27  71.80
4,32 18,82 4.3
2,49 21,16 0,00
6,03 16,59 3.40
412 374 1.5
3.7 6.8 3.3
447 L7717 L.2D9
0.40  0.00  0.00
5.19 2861.69 1670.79

AREAN
0.79 1,20
1.61 2,20
0.88 1.09
1.00 1.21
1627.20 2354.43
1.38 1.83
15.49  32.10
8.4 10.63
7.80 4,18
.91 3.90
19.57  13.55
0.00 17.37
.23 1.87
2,51 0.39
13,70 17.64
40,31  83.66
1.94 2.08
0.77 1.02
8.41 11,83
3.13 3.70
0.38  0.82
1.03 16,32
1297.00 1995.,29
0,00 0.00
0,60  0.64
2,28 .29
1.85 2.10
¢.38 0.49
333 b.48
4,33 372
1.64 1.38
97.91 220.73
1.82 2.9%
0.32 0.4
1.8 2.01
1.17 1.37
6,59 12.92
0.92  0.90
0.00 0,00
2223.25 3382.92 2

2/15/88 2/18/88 2/23/88 3/1/88

3171788
AREA.N
0.97
1.90
0,94
0.99
1686.69
1.95
30,59
9.18
3.8
2.73
11.08
10.7%
1,57
6,20
13.73
44,03
2.04
0.89
10.00
3.63
0.59
12,34
{324,351
.00

S O B O W8 S O



Table B-4.

Reactor No.4 "Hudson River TI" GC/ECD

Results

Reactor no.4

"UPPER HUDSON TI*
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NORMALIZED UATA(NORMALIZED TO ISTD AND SOLIDS CONCENTRATION!

RT descript8/24/87 10/20/8711/23/8712/7/87 1/5/88
AREA.N AREA.N AREA.N AREA.N AREA.N

sin
10,100
10, 400
11.330
12,170
12,420
13.180

13,75

14,080
14,830
13,1730
15,230
13,475
15,8990
16,23
14,470
16,630
16,850
17,640
18,160
18,450
1§.380
18,480
19.480
19.500
19.930
20,270
20,410
20.580
20,500
21,820
21,950
27,080
22,430
22,990
3,210
23,560
27,800
24,130
24,330 {§TD
24,830
25,120
25,500
25,910
26,350
26,660
27.200
27,330
28,060
28,510
28,919 GE PCBMI

0.00
0.00
1.29
0.00
0.90
0.30
0.95
0.14
.61
.00
0.00
” 1A

Sudd

0.00
0.33
3.00
.17
10.60
0,90
0,13
0.4
1.54
3.2
4,87
6.24
0,22
0.00
3.99
0.00
11.42
4,45
0,00
1,94
0,42
0,00
6.10
7.56
4,41
0,00
19.61
0.22
1.29
.32
2.34
0.00
0.33
0.27
2.80
0.48
0.23
8,00

0.00
0.15
0.34
0.07
0.00
0.42
0.71
0,21
9.28
0.20
0.00
4,80
0,00
0.72
4.00
.31

4
‘)
¥)

[4
o~ -~
~ -

~)
L= &; I PV < VI < SO T O BN - « I SV IR

~ S D~ LA rD S D LA
~ SR O O o L B

<
L]

__
o~ <
SN0 I

. ,_
L= o S I - - Iy =Tl o O e R
Lot
=1

0.18
0.17
2,89
0.31
0.36
0,36
.63
9.33
0.6!
0,10
0.39
36.99
1.18
9.41

17.29
141,70
56,440
1,00
0.00
21,19
92,63
133.86
108.49
4,56
0.00
82.%4
4,00
135,38
81.40
24,64
0.00
11,33
5.12
108,74
g3.10
80.27
.81

Y c
32,43

3.05
22.92
1,73
49.7¢

wn
o~
e

~O OO — ~d > A
o Fr) OO ¢ O LN

0.72
0.00
7.90
1,23
1.21
.21
36,33
24.12
2.40
0.53
1,80
192,68

13.26

194, 68
52.82
.48
0.00
31.56
124.37
336,43
230,24
9.92
.00
182,30
0.00
797 Il
130.70
58,39
G,00
3.8
17.87
309.40
188,34
160,57
§.09
99,30
12,33
49,58

23.58

95.52
13.29
34,06
0.0¢
2884.37
12.48
312
392.42

0.00
0.00
8.13
0.00
1.64
1.38
16.77
10,33

-
233

7.00
0,00
105,23
2.07
14.37
0,00
27.07
225,20
89.11

7 %

0,00
32.54
n.nm

163,68
142,00
3.30
0.00
110.97
0.00
178,93

A en
FYRers

6.9
7,00
12.38
5.44
139.33
109,78
30,39
3.74
75.98
.73
20,44
10.21

1/22/88 2/3/88 2/15/88

AREA.N
0.35
0.00
3391
0.46
0.00

—_ o S —
-0 ra 2
Lo ¥ LI P2 s B2 )

~a

<
Ll

.80
124,13
4,96
19.37
1.75
33.32
278.38
109.09
1.71
0.00
37,44
89.31
192,23
184.31
7.33
0.00
138.72
0.00
221,19
102.44
44,44
0.00
18,57
14,47
189.37
133. 46
120.14
10,30
55.06
5,88
31.18
14.30
66.01
4,42
12,54
18,43
144,23
7.34
.17

322,44

AREA.N
0,30
0.00
2,70
1.04
0,52
1,04

20,77
16,27
2.9
0.0¢
0,00
129,45
42,46
22,43
0,00

104,54

314.48

121,12
1.89
0,00

42,66

104,354

230,77

214,80
8,50
0,00

161,79
0,09

255,73

111,91
43,25
0,090
20,36
4,85
166.26
142,79
139,26
14,42
47,26
7.47
7.8
20,00
§6.70
9,50
25.14
.00

1353.40

6. 16
.59
347,12

AREA.N
0.20
0.00
2.90
1.20
0.00
5,31

12.03
.00
111
0,80
0.1

G0.39
0.71

14,24
0.40

23,45

197.54

79 =e
fdvid

11t
0.00
26,95

85,22

[ IYY4

134,11
140,13
3.91
0.00
107.26
0,00
148,18
74,88
L4
0,00
19,43
4,29
18,50
36,66
33.96
10,51
n
4,54

At Ay
Ldrid

12,08
35.03
146

2/18/88 2/23/86 3/1/88
AREA.N AREA.N AREA.N AREA.N

0,36
0.00
0.39
0.31
.00
0.12
13.16
0.89
1.45
0,37
0,93
87.06
3.468
14,17
.87
27.30
2i1.40
79.10
1.30
0.00
30.72
67.94

AAAAA

181,41
107.79
89.49
10.88
58.80
71.62
28.02
10.95
33,15
2.86
1.78
3.9
1.32
373
z.08
433.86

LJI

0.42
0.00
0,63
3.69
0.00
0.23
343
0.00
2.08
0.9¢
.00
2,52
0.90
14,80
0,00
28.73
220.96
70.78
1.78
0.00

Y £7
33,57

48.57
127.90
128.17

5.17
0.00
113.21
0.90
198,77

65,53

Tt
.00
It
12
.01
.48
2
L34
.56

5,03

24,07

8.9
4,49
1.87
8.91
4,2
4,48
.20
2,80
788.54

<

—

~4 b <>
N OV LA LN i B —

on

0.18
0,00
4,24
0,91
0.06
0,08
13.73
5,42
2,10
0.36
4,00
78.49
h.2t
g.95
9,00
9.2
219,34
§7.90
{.74
0,00
30,13
83,30
127.67
133.08
5,03
3,00
27,08
21,55

173,69

97.74

8,30

-~
822,58

317188

0,25
0,29
.94
0.51
0.00
0,31
12,61
0,08
1,74
0,00
1,00
75,41
.00
14,32
9,00

ng 7€
-t iod

201,18
53,58
1,62
0.00
28.24
62.89
120.94
123,80
J.44
0.00
93.49
5.5

179.04
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Table B-4. Reactor No.4 "Hudson River TI" GC/ECD Results

Reactor na.4  "UPFER HUDSGN TI*

NORMALIZED DATA(NORMALIZED TO ISTD AND SOLIDS CONCENTRATION)

RT descript8/24/87 10/20/8711/23/8712/7/87 1/6/88 1/22/88 2/3/88 12/15/98 2/18/88 2/23/88 3/i/88 3/7/38

gin AREAN AREA.N AREA.N AREA.N AREA.N AREALN AREALN 4REA.N AREAN AREGN ARES.N AREALN
25.700 073 058 175 24004 1472 1934 22,53 15,63 1371 10498 13,06 12.98
30.600 GE PCBEZ 0,00 B3.55 154,68 306.89 I11.14 249,08 272.45 I82.86 376.18 AA2.41 425,27 800.76
10,990 1,09 0,00 18,59 32,80 20,89 29.3% 30,02 20,22 19.99 (7.8  0.00  {7.98
31,450 0,85 0,57 12,36 22,82 1396 17,98 20,90 14,96 13,60 11,96 13,87 1291
35710 0,00 0.ual 931 16,92 10,36 1301 15.28 10,72 16,19 9,97 10,73 .t

32,125 0,00 000 2,34 4,19 250 329 389 73 60 .39 L4z .8t
32,380 0.00 0.00 340 5.86 374 467 5.8 LIS A3 eB L9 0,00
33,200 0.00  0.17 321 553 .44 4.2 L5 L7 281 s L
33,430 0.00 0,00 395 7.26 448 526 618 484 431 372 454 407
33,730 0,00 0,00 2,77 5.8 321 L3I LTI 329 4 2,82 L1200 .68
34,360 0.82  0.00 27 266 0000 L1919 1420 133 149 139 1.3S
35,020 GE PCBR2  0.00 203.81 342.44 702,82 662,97 566,94 539,19 991.41 941.49 1746.49 1800.11 1666.38
35,720 0.89 0,83 8.63 17.14 1074 9.9 13.10 8.5 7.20 5.27 0 5.9 A3
36,010 2048 2,98 3L91 60.82 k.16 40,02 4941 34,54 35.95 32,79 I7.04 36,08
37,430 0,00 0,00  3.68 25,98 220 46T 0,00 0,00 1529 0,00 0,00 0,00
3730 Lla 2,73 27.54 56,63 L1000 3430 3929 32,36 3.6 20,7 24006 21.8)
37,730 0,31 0,50 12,06 25,32 15,43 1464 1ABT 14,78 12,97 8,77 .27 9.00
38.165 0.00 0,47 B.06 32,63 11,89 13,90  4.80 5.47 1995 4.50 5.7 3.38
18,310 0.70 3.89 4118 91,19 54,94 82,34 26,39 26,88 9384 14.17 2000 22.3
39,430 0,21 0,33 643 1575 8.5 9.04  8.29  7.85  B.91 4,81 537 4.4
39.630 0,00 0,00 5.35 9.88 6,38  6.58 7.6 4,08 5.7 3,50 4,34 4.94
40.200 0.61 136 1611 #4433 22,41 24,36 17.99 18,91 29.85 15.26 19.63 15,75
40.730 0,50 4.37 16,84 39.88 34,98 29,33 3223 43,07 33.80 46.98 50,80 44,36
41,420 0.00  0.00 0.00 1,38 677 0.36  0.94 10,34 036 .13 0.00 .00
41.920 0,38 0.29 b6 14,72 20,99 9.06 14,20 30.84 7.20 {1.54 5.5 5.23
42,330 0,22 0,39 2,38 8.12 19,07  3.8% 487 1925 2.5 7.07 .22 LT
42.940 1,62 1,34 26,46 52,32 45,40 34,92 43,26 48,28 24,78 28,45 27,75 26,30
43,680 0.73 1,09 11,07 17.48 19.46 135.65 16,86 18,70  9.35 8,24 8.5  B.7b
44,080 0,00 000 41 0.4t 1,06 0,39 0.58 .13 0.4 0,80 0,58 0.5
44,340 4,03 143 13,20 19.33 13,79 15.78  19.98 17,31 12,65 2.8 16,55 15.73
$4.730 GE PCBR4 0,00 18,87 368.28 4351 437.36 3$29.00 401.20 B895.24 837.55 1447.99 1405.83 1355.74
45,500 0,00 0,38 13T 0.6 000 104 LAB 0 033 0,00 000 0,27 .27
46,250 L3 0,00 2,93 441 20,97 7.3 8200 2,85 .47 L4 2.2 211
46,710 2.3 0200 594 10,98 6337 7.63 B33 K005 T4 3B 4,98 432
47,940 9.27 0 020 LD 1088 A4 7046 8086 631 631 364 477 456
47.780 000 000 L33 387 L2789 L3 Lad 157 6,85 LT 1.2t
0.00 030 2,89 825 LA LA A L34 22,09 3,200 497 43S

030 12320 530 2088 2077 1476 S8F 0 22,09 T.2% 0 9.40 8,42

.00 429 17,30 .68 11,94 2,5 L 1L e e Ly

19,20 55,75 249,87 2B4.46  9B.47 1433 4581 17374 7195 189.77  I0.61

2,0 Al 1944 451 12,250 B35 L7 1LE0 78 479 512

0,23 942 879 144 375 226 L3 5510 0000 0,43 5,90

S350 2,36 939 10036 805 14052 14063 10,22 12,02 500 602 8,92
93,380 0,38 .25 7.8t LB 877 Itile 135 B.A7T 0 707 4D Sall 0 s.08
6070 b.00 073 .00 380 349 2,87 LM 473 L8 677 .24 7,28
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The following figures represent the results from pH, COD, reactor
off gas, effluent PCB concentration and sediment PCB concentration
collected from Reactors No.l through No.4 during the period 8/24/87 to
3/7/88. The raw data is contained in symphony worksheets with the
following file names: pH data, CH4-PH.WR1, PH-DATA.PIC; gas production,
CH4-PH.WR1, EXP-CH4.PIC; COD of effluent and feed, COD-1A.WR1, COD-
EFF.PIC; COD conversion %, COD-1A.WR1, COD-%COD.PIC; PCB effluent
concentration, RXR-1A.WR1, RXR-2A.WR1, RXR-3A.WR1, RXR-4A.WR1, RXR-
EIA.PIC - RXR-E4A.PIC; PCB sediment concentration, RXR-SIA.WR1, RXR-
S2A.WR1, RXR-S3A.WR1, RXR-S4A.WR1, RXR-SIA.PIC - RXR-S4A.PIC.
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Figure C-1. pH of Reactors No.l, No.2, No.3 and No.4.
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COD Conversion (%)
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Figure C-2. Chemical Oxygen Demand Removal Efficiency (%) for

Reactors No.l, No.2, No.3 and No.4.
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Figure C-5. Reactor No.l Effluent PCB Concentration.
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Figure C-8. Reactor No.4 Effluent PCB Concentration.
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Sediment samples from reactors no.l, no.2, no.3 and no.4 were
taken during Phases I, II and III and extracted with acetone and
hexane. The extract was analyzed by GC/ECD, and the unknown metabolite
was tentatively identified based on its retention time relative to the
internal standard. The hexane extract was concentrated from 900 ul
down to 25ul and analyzed by GC/MS using the procedure outlined in
Chapter one (materials and methods). The tetrachlorobiphenyl was
identified based on the comparison between a library of mass spectra of
known PCBs and the mass spectra of the unknown metabolite. The
metabolite was in sufficient concentration above the background
existing PCB contaminants to make a positive identification as a
tétrach]orobipheny].

The results of the analysis are presented in the following tables
and figures.

Thirteen tetrachlorobiphenyls were matched to the unknown peak at
RT 24.15 (GC/ECD). The GC/MS RT for this peak was 18.92 minutes and
is shown in Table D-1. The total ion chromatograph for the unknown
tetra-CB at RT 18.92 minutes (peak no. 5) and the internal standard at
RT 18.85 minutes (peak no.4) in the reactor extract is shown in Figure
D-1. The total ion chromatograph for the major PCB contaminants and
the five parent PCBs, 23'44’-CB (peak no.16), 23456-CB (peak no.18),
22’4466’ -CB (peak no.17), 22’344'5'6-CB (peak no.19) and 22733'44’55'-

CB (peak no.21) are shown in Figure D-2.



Table D-1.

PCBs and Their Retention Times in GC/MS Analysis

Compound

1) *TETRA CHLORO NAPHTHALENE

2)
2)D
2)D
2)0
3)
3)0
3)0
330
3)D
4)D
4)0
4)
4)0
4)0
5)0
5)0
5)0
5)
6)D
6)0
é)
63D
6)0
7)0
7)D
7)
730
7)0D
8)
9)0D
?)
230
950
930
1000
10)
1000
1000
1050
1100
1)
1100
1110
12
12)0
127D
12)D
1230
13)
13)D
13)D
13)0
13)0
14)
1430
14)0
14)0
1450
15)
15)0

2-CHLORO BIPHENYL
2-CHLORO BIPHENYL
2-CHLORO BIPHENYL
2-CHLORO BIPHENYL
4-CHLORO BIPHENYL
4-CHLORO BIPHENYL
4-CHLORO BIPHENYL
4-CHLORO BIPHENYL
4-CHLORO BIPHENYL
4,4,'~-DICHLORO BIPHENYL
4,4,'-DICHLORD BIPHENYL
4,4,'-DICHLORO BIPHENYL
4,4,"'-DICHLORO BIPHENYL
4,4,'-DICHLORO BIPHENYL
2,2'~DICHLORO BIPHENYL
2,2'-DICHLORO BIPHENYL
2,2'-DICHLORO BIPHENYL
2,2'-DICHLORO BIPHENYL
2,6'-DICHLORO BIPHENYL
2,6'-DICHLORO BIPHENYL
2,6'-DICHLORO BIPHENYL
2,6'-DICHLORO BIPHENYL
2,6'-DICHLORO BIPHENYL
2,4'-DICHLORO BIPHENYL
2,4'-DICHLORO BIPHENYL
2,4'-DICHLORO BIPHENYL
2,4'~DICHLORG BIPHENYL
2,4'-DICHLORO BIPHENYL

TRICHLORO BIPHENYL
2,3'9,5' TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
TETRACHLORO
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BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENTL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL
BIPHENYL

R.T. Scan#
18.85% %70
9.60 437
10.43 485
12.84 624
14.23 704
9.60 437
10.43 489
12.84 624
14.23 704
14.67 729
7.2% 302
10.43 4865
10.95 516
11.02 519
13.64 670
7.2% 302
10.43 4865
10.95 516
11.02 519
7.2% 302
10.43 485
10.95 515
11.02 519
13.64 670
2.25% 302
10.43 4865
10.95 516
11.02 519
13.64 670
21.7% 1137
16.84 854
18.40 944
18.76 965
18.92 974
21.2% 1108
16.84 854
18.40 944
18.76 965
18.92 974
21.2% 1108
16.84 854
18.40 944
18.2726 965
18.92 974
16.84 854
18.40 944
18.76 965
18.92 974
21.2% 1108
16.84 854
18.40 944
18.76 965
18.92 974
21.2% 1108
16.84 854
18.40 944
18.76 2665
18.92 974
21.2% 1108
16.84 854
18.40 P44

Area Conc
%70 1.
16705 167065.
4508 4508.
3009~ 3009.
1655~ 16655.

16705 16705.
4508 4508.
3009~ 3009.
1655~ 1655.
632
198 1¢8.
2003~ 2003.

28820 28820.

205~ 2065.
704 704.
198 198.
2003~ 2003.
28820 28820.
205~ 2065.
198 198.
2003~ 2003.
28820 28820.
205~ 205.
704 704.
198 198.
2003~ 2003.
28820 28820.
205~ 205.
704 704.
216 216.
3037 3037.
3622 3622.
2309 2309%.
11562 11562.0
71658 71658.
3037 3037.
3622 2622.
2309 2309.
11562 11%62.
71658 71658.
3037 3037.
3622 3622.
2309 2309.
11962 11562.
3037 3037.
3622 3622.
2309 2209.
11562 11562.
71658 71658.
3037 3037.
3622 3622.
2309 2309.
11562 11562.
71658 71658.
3037 3037.
3622 3622.
2309 2309.
11562 11562.
71658 71658.
3037 3037.
3622 3622.

632.0
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CALIB
CALIB
CAaLIB
CAaLIB
CALIB
CaLIB
caLls
caLlB
CALlB
CALIB
CALIB
CcaLlB
caLlB
CALIB
CALIB
CALIB
CcAaLIB
CAaLIB
caLIB
CALIB
CALIB
CAaLIB
CALIB



Table D-1. PCBs and Their Retention Times in GC/MS Analysis
Compound R.T. Scan# Area Conc

1570 2,2'4,5' TETRACHLORO BIPHENYL 18.76 965 2309 2309.00
15)0 2,2'4,5' TETRACHLORO BIPHENYL 18.92 974 11562 11562.00
15)0 2,2'4,5' TETRACHLORO BIPHENYL 21.25% 1108 71658 71658.00
16)D 2,2',4,4' TETRACHLORO BIPHENYL 16.84 854 3037 3037.00
16)0 2,2',4,4' TETRACHLORO BIPHENYL 18.40 944 3622 3622.00
1630 2,2',4,4' TETRACHLORO BIPHENYL "18.76 965 2309 2309.00
16)0 2,2',4,4' TETRACHLORO BIPHENYL 18.92 974 11562 11562.00
16) 2,2',4,4' TETRACHLORO BIPHENYL 21.25 1108 71658 71658.00
17y 2,2'3,5' TETRACHLORO BIPHENYL 16.82 853 2269 2269.00
17)0 2,2'3,5' TETRACHLORO BIPHENYL 18.40 944 2316 2316.00
17’0 2,2'3,5' TETRACHLORO BIPHENYL 18.62 967 1362 1362.00
170 2,2'3,5' TETRACHLORO BIPHENYL 18.76 965 1520 1520.00
17)0 2,2'3,5' TETRACHLORO BIPHENYL 22.87 1201 3895 3895.00
18) 2,2'3,3' TETRACHLORO BIPHENYL 16.82 853 2269 2269%9.00
18)0 2,2'3,3' TETRACHLORO BIPHENYL 18.40 944 2315 2315.00
18)0 2,2'3,3' TETRACHLORO BIPHENYL 18.62 967 1362 1362.00
18)0 2,2'3,3' TETRACHLORO BIPHENYL 18.76 965 1520 1520.00
18)0 2,2'3,3' TETRACHLORO BIPHENYL 22.87 1201 3895 3895.00
19)D0 3,3'4,4' TETRACHLORO BIPHENYL 16.84 854 3037 3037.00
19) 3,3'4,4' TETRACHLORO BIPHENYL 18.40 44 3622 3622.00
19)0 3,3'4,4' TETRACHLORO BIPHENYL 18.76 965 2309 2309.00
19)D 3,3'4,4' TETRACHLORO BIPHENYL 18.92" 974 11562 11562.00
19)0 3,3'4,4' TETRACHLORO BIPHENYL 21.25 1108 71658 71658.00
20) 3,3',5,5' TETRACHLORO BIPHENYL 16.84 854 3037 3037.00
2000 3,3',5,5' TETRACHLORO BIPHENYL 18.40 944 3622 3622.00
2000 3,3',5,5' TETRACHLORO BIPHENYL 18.76 965 2309 2309.00
2090 3,3',5,5' TETRACHLORO BIPHENYL 18.92° 974 11562 11562.00
20)0 3,3',5,5' TETRACHLORO BIPHENYL 21.25 1108 71658 71658.00
21)0 2,3',4,4' TETRACHLORO BIPHENYL 20.76 1080 21% 215.00
21)0 2,3',4,4' TETRACHLORO BIPHENYL 20.%3 1090 593 593.00
21) 2,3',4,4' TETRACHLORO BIPHENYL 21.25 1108 71658 71658.00
21)0 2,3',4,4' TETRACHLORO BIPHENYL 21.54 1125 262~ 262.00
22) TETRA CHLORO BIPHENYL 16.84 854 3037 3037.00
22)0 TETRA CHLORO BIPHENYL 18.40 944 3622 3622.00
22)0 TETRA CHLORO BIPHENYL 18.76 965 2309 2309.00
22)0 TETRA CHLORO BIPHENYL 18.92 974 11562 11562.00
22)0 TETRA CHLORO BIPHENYL 21.25 1108 71658 71658.00
2330 2,3,4,5,6 PENTACHLORO BIPHENYL 22.43 1176 437 437.00
23) 2,3,4,5,6 PENTACHLORO BIPHENYL 22.85 1200 32107°32107.00
23)0 2,3,4,%5,6 PENTACHLORO BIPHENYL 22.94 1205 455~  45%.00
2330 2,3,4,5,6 PENTACHLORO BIPHENYL 23.11 1215 1444 1444.00
24)D PENTA CHLORO BIPHENYL 20.83 1084 164 164.00
24)0 PENTA CHLORO BIPHENYL 21.82 1141 585 585.00
24)D0 PENTA CHLORO BIPHENYL 22.03 1153 491 491.00
24) PENTA CHLORO BIPHENYL 22.8% 1200 31997~31997.00
24)0 PENTA CHLORO BIPHENYL 23.11 1215 1444 1444.00
25) 2,2'4,4'6,6 'HEXACHLORO BIPHENY 21.75 1137 46043 46043.00
26)0 HEXA CHLORO BIPHENYL 21.7% 1137 46043 46043.00
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Figure D-1. Total Ion Chromatograph of the Unknown Tetra-CB at RT
18.92 Minutes (Peak No.5) and the Internal Standard,
Tetrachloronapthalene at RT 18.85 Minutes (Peak no.4)
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Figure D-2. Total Ion Chromatograph of the Sediment Extract Showing
the Major Ions, and the Parent PCB Compounds at Peaks
No. 16, No.17, No.18, No.19 and No.21.



APPENDIX E

Cochromatography Results
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Figure E-1 represents the results from cochromatography of a
Reactor No.4 sediment extract (3/7/88) containing the unknown

metabolite and a 2356-CB stock solution, respectively.
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Figure E-1. DB-5 Cochromatograph of the Unknown Peak at RT 24.15
Minutes and a 2356-tetrachlorobiphenyl. (A) Unknown Peak
at RT 24.15 Minutes. (B) 2356-tetrachlorobiphenyl at RT
24.15 Minutes.



