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Abstract

Gas generation from the microbial degradation of the organic constituents of transuranic
waste under conditions expected at the Waste Isolation Pilot Plant (WIPP) repository is
under investigation at Brookhaven National Laboratory. The biodegradation of mixed
cellulosics (various types of paper) and electron-beam irradiated plastic and rubber
materials (polyethylene, polyvinylchloride, neoprene, hypalon, and leaded hypalon) is
being examined. In addition, we are studying the effects of environmental variables such
as starting atmosphere (air or nitrogen), water content (humid (~70% relative humidity)
and brine inundated), and nutrient amendments (nitrogen, phosphate, yeast extract, and
excess nitrate) on microbial gas generation. This report presents data obtained from
samples incubated under humid conditions: i) initially aerobic (sample bottles sealed
with air in the headspace) after 2553 days (7 years) of incubation at 30 + 2°C; ii)
anaerobic conditions incubated for 2156 days (6 years). In addition this report provides
data from plastic (polyethylene and polyvinylchloride) and rubber (neoprene) materials
(unirradiated and irradiated to simulate long-term radiation damage) incubated under -
brine-inundated conditions for 2612 days (7 years); and hypalon (unleaded and leaded,
unirradiated and irradiated) incubated for 2464 days (6.75 years). Total gas production
and carbon dioxide production are presented. Initially aerobic (sealed) humid samples did
not show any marked increase in gas or CO, produced over the 4.75 year period since they
were last analyzed; most notable was a decrease in CO; content in the inoculated samplas
in the absence of bentonite and an increase in unamended sampl&s of 75 pmoles CO; g
cellulose in its presence. Loss of CO, may be due to gas consuming process such as
methanogenesis; additional analysis is planned for this year to examine methane
productlon This trend is also observed under anaerobic humid condmons with a decrease
in CO; content in amended samples. An increase of 82 umoles CO; g’ ! cellulose was
shown in unamended inoculated samples (no bentonite) during the 4.75 year period since
the last analysis. Samples containing plastic and rubber materials did not show any
significant increase in gas volume beyond contro! samples incubated without the polymer
substrate. Carbon dioxide, a more sensitive analyte for microbial acu\rlty, increased
somewhat in samples containing irradiated PE (10.9 umoles CO; sample over 4.9 years
since the last analysis); irradiated PVC (44.6 pmoles); irradiated neoprene (21.5 pmoles);




and unirradiated hypalon (unleaded, 11.2 pmoles, and leaded, 9.77 pmoles). Note that the
amount of CO, generated over 4.9 years in samples containing plastic or rubber materials is
not markedly higher than control samples. Additional analysis, including microscopy and
spectroscopy, will be used to determine if material changes have occurred in the polymers
due to microbial activity and biodeterioration.

Progress Report

Long-term experiments designed to examine gas generation due to biodegradation of the
organic fraction of transuranic wastes under WIPP repository-relevant conditions have
been ongoing at Brookhaven National Laboratory (BNL). A summary of these
experiments for the period 1991 to 1996 was published in SAND96-2582 “Microbial Gas
Generation Under Expected Waste Isolation Pilot Plant Repository Conditions.” The
experiment to quantify gas generation due to cellulose biodegradation under inundated
conditions was again analyzed in 1999, after 2718 days (7.4 years) incubation (4 years
since the analyses reported in SAND96-2582). At that time total gas volume, carbon
dioxide and methane were analyzed and this was reported in a memo dated September
23, 1999, a summary report for work conducted that year under TP-99-01 Rev. 0
(2/4/99). Table 1 provides information about the status of ongoing studies at BNL.

Table 1. Status of Microbial Gas Generation Experiments at BNL.

Experiment Start Date SAND96-2582 Most Recent Incubation Time
Data (Days) Analysis Date of Recent
_ Analysis (Days)
Loog-Term 7/8/99 CH,
Cellulose 7/28/99 CO,
Initially Aerobic
Humid Cellulose 411193 804 4/3/00 CO; 2553
Anaerobic Humid
Cellulose 5/4/94 415 3/29/00 CO, 2156
Inundated PE,
PVC, and 3/9/93 840 5/3/00 CO, 2612
Neoprene
Inundated Hypalon 8/3/93 664 572100 OO, 244

This report presents data obtained during FY2000 from long-term studies designed to
examine gas generation under: i) initially aerobic humid conditions with data reported
here after 2553 days (7 years) of incubation at 30 + 2°C; ii) anaerobic humid conditions
incubated for 2156 days (6 years); iii) brine-inundated conditions with plastic and rubber
materials (unirradiated and irradiated to simulate long-term radiation damage) incubated
for 2612 days (7 years); and iv) brine-inundated conditions with hypalon (unleaded and
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leaded, unirradiated and irradiated) incubated for 2464 days (6.75 years). Total gas
production was analyzed as well as carbon dioxide in the headspace of 159 sample bottles.

Materials and Methods

Samples were prepared in 160 ml glass serum bottles, with 1 g of mixed cellulosics (0.25
g each of Whatman® #1 filter paper, brown paper towel, white paper towel, and
Kimwipes®) mixed with (i) 5.00 g of reagent-grade NaCl (Aldrich), (ii) 5.00 g of crushed
WIPP muck pile salt from the WIPP underground workings (100% E140, N635 salt), and
(iii) a mixture of 3.50 g WIPP muck pile-salt and 1.50 g bentonite MX-80 (70% salt/30%
bentonite).

Samples were prepared with and without added nutrients. The nutrients added (amended
samples) consisted of 2 0.50 ml solution containing nitrogen (ammonium nitrate, 0.1%
w/v), phosphorus (potassium phosphate, 0.1% w/v), and yeast extract (0.05% w/v).
Unamended samples received 0.50 ml of a filtered, sterilized reagent-grade salt solution
(20% w/v). All samples were prepared in triplicate.

Inoculum

Mixed inoculum was prepared as described in SAND96-2582 and 2.0 ml was pipetted
onto the cellulose with a calibrated pipette. The uninoculated samples (controls) received
2.0 ml of filter sterilized (0.2um, Millipore Corp.) reagent-grade NaCl (Aldrich) solution
(20% w/v deionized H;O) to duplicate the moisture content of the inoculated samples.

To examine the viability and potential gas-producing activity of the mixed inoculum, as
well as elucidate the nutrient conditions in the mixed inoculum, 20 ml aliquots were
prepared in duplicate with the following additions: i) no nutrients; ii) nutrients; iii)
glucose + nutrients; and iv) succinate + nutrients.

Control Samples

Because WIPP crushed salt contains viable bacteria adding it to the samples provided an
additional, but integral, source of inoculum. Samples containing WIPP salt but without
inoculum are not true "abiotic" controls. Therefore, reagent-grade NaCl was added to
specific uninoculated samples to serve as abiotic controls.

Humidity Maintenance

In order to maintain the desired relative humidity of approximately 70-74%, 3 ml of G-
Seep brine (aw (water activity of the brine) = 0.73) in an unsealed 5 mi glass tube (1.0 x
7.5 cm) was placed inside the 160 ml serum bottle containing 1 g of mixed cellulose.
Upon sealing the sample bottles, the relative humidity was measured using a Hygroskop
GT™ (Rotronic, Zurich) portable humidity meter, the probe of which was fitted with a
rubber seal to allow measurements to be taken inside of an uncapped serum bottle. The
meter was calibrated before use with a standard solution (80% relative humidity)
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according to the manufacturer’s specifications. The relative humidity in the sample
bottles (72%) was verified using this method.

Atmosphere

Initially aerobic (sealed) samples were sealed with butyl rubber stoppers and aluminum
crimp seals in an air atmosphere. Anaerobic samples were prepared in a Nj-filled glove
box, and all components (mixed inoculum, nutrient solutions, and sterile brine) were
flushed with N; before they were added to the sample.

Microbial Activity Measurements under Humid Conditions

In addition to the above treatments, 1% succinate or glucose was added with the nutrient
amendment to certain samples to determine microbial gas generation under humid
conditions in the presence of a readily metabolizable source of carbon. The ability of
specific microorganisms (i.e., denitrifiers) to grow under such low-moisture conditions
was examined. We point out that WIPP halophiles can function under low-moisture
conditions because they can grow in highly concentrated brine, which has a low water
activity. .
Two of the inoculated, succinate-amended treatments (one with bentonite, the other
without bentonite) were incubated with 0.1 atm of acetylene to examine N>O production
from denitrification. :

Incubation

Seventy-two samples were incubated at 30 + 2°C. In this study, we attempt to determine
the rate and extent of gas production due to biodegradation of unirradiated and electron-
beam irradiated plastic and rubber materials under conditions relevant to the WIPP
repository. In the case of irradiated materials, these were accelerated tests because the
entire structure of the polymer was altered as opposed to the effects of alpha-irradiation,
which alter only the surface of the polymer. These samples, therefore, represented
“overtest” conditions in terms of overall radiation dose. The influence of adding
nutrients (nitrogen, phosphorus, and yeast extract) on the extent of biodegradation also
was determined.

E-Beam Irradia.'ed Plastic and Rubber Materials

The plastics examined were polyethylene and polyvinylchloride; the rubber matenals
were neoprene and hypalon (leaded and unleaded). These materials were exposed to
electron-beam irradiation at the linear accelerator (LINAC) at Argonne National
Laboratory by Dr. D. Reed, Chemical Technology Division. The polymer samples
received an absorbed dose of either 500-700 Mrad (low-dose) or 4000-6000 Mrad (high
dose), see Table 2. Tests with unleaded and leaded hypalon did not include a high-dose
irradiation because it caused extensive degradation (melting) of the leaded sample.
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Table 2. Irradiation conditions and material characteristics.

Irradiation Conditions (samples irradiated in air):

Polymer Density (g\cm’) Thickness (mm) Absorbed Dose Absorbed Dose
, (Low) Mrad {High) Mrad
Polyethylene 0.92 0.28 500 4,140
Polyvinylchloride 1.30 0.28 700 5,850
Neoprene 1.23 0.46 660 5,535
Unleaded Hypalon NA NA NA NA
Leaded Hypalon NA NA NA NA
NA - not available
Material Characteristics:
Polymer Unirradiated Low-Dose High-Dose
Polyethylene clear hight yellow darker yellow/brittle
‘ weight loss
Polyvinylchloride clear dark brown/sticky Black/sticky
liquid droplets weight loss
'weight loss
Neoprene black loss of flexibility brittle
weight loss weight loss
Unleaded Hypalon dull white brown discoloration NA
Leaded Hypalon dull white brown discoloration NA

NA = Not applicable

Triplicate samples of unirradiated and low-dose irradiated polymers and duplicate
samples of the material that received high doses of electron-beam irradiation were tested.

Each polymer was cut into 2 cm’ pieces, the weights were recorded, and the pieces

placed in acid-washed sterilized (autoclaved) 70 ml glass serum bottles. Mean weights
(22 samples for each polymer) were as follows: Polyethylene (86.1 mg),
Polyvinylchloride (134.6 mg), Neoprene (257.5 mg).

Mixed Inoculum/Inundation Fluid

Every sample bottle containing
consisting of 56% G-Seep Brine #10 (collected 12/13/89-1/1 0/90), 27% WIP

plastic or rubber was filled with 50 ml of a mixture
P muck pile

salt slurry, and 17% surficial lake brine/sediment slurry. The salt slurry and

brine/sediment slurry were prepared as previously described. The inundation fluid

differed from that added to the sample bottles containing cellulose; the sample bottles
containing plastic or rubber material were inundated with fluid comprised of 100% mixed
inoculum. The mixed inoculum was used without dilution to increase the proportion of
potential plastic/rubber degrading microorganisms in the experiment. This was done to
provide an additional “overtest” because we expected at the outset that biodegradation
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rates potentially would be very low, especially if the same concentration of mixed
inoculum (3.8% v/v) was used as in the cellulose experiment.

Sample Treatments

Samples were incubated either unamended (without added nutrients) or amended (with
nutrients). Table 3 lists the composition of the nutrient addition. The pH of the nutrient
solution was adjusted to 7.0 with NaOH and 2.50 ml of the filter-sterilized concentrated
stock solution was added to the appropriate samples using a calibrated continuously
adjustable pipette (Pipetteman™, Raimn Corp.).

Table 3. Composition of the nutrient amendment.

Nutrient ~ Final concentration (g/L) Final concentration (w/v %)
NH,NO; ‘ 0.5 0.1
K;HPO, 0.5 0.1

Yeast extract : 0.25 0.05

Unirradiated, low and high dose electron beam or alpha-irradiated polymers were treated
as follows: '

i) Polymer + no nutrients (unamended) + mixed inoculum (one sample
each);

i) Polymer + nutrients (amended) + mixed inoculum (triplicate);

iii)  No polymer + nutrients (control) + mixed inoculum (triplicate); and

iv)  No polymer + no nutrients (control) + mixed inoculum (triplicate).

One set of each treatment detailed above was prepared for each material for aerobic and
anaerobic incubations, giving a total of 87 bottles. The final aqueous sample volume of
the unamended treatments was 50 ml, and 52.5 ml for the amended treatments; the
headspace volume was 20 ml, and 17.5 ml, respectively.

Incubation

Samples were incubated under initially aerobic and anaerobic conditions in serum bottles
fitted with butyl rubber stoppers and sealed with aluminum crimps. Anaerobic samples
were prepared in a glove box and incubated under a N; atmosphere, Whereas aerobic
samples were prepared on the lab bench. We expected that the aerobic samples would
eventually become anaerobic due to consumption of oxygen by aerobic MICroorganisms
in the sealed bottle. All samples were incubated unshaken (static) at 30 + 2°C.
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Gas Analysis

The composition of the headspace gas of each sample was determined over time and
compared to the baseline composition at time zero (t=0). For each sampling, the serum
bottle fitted with a butyl rubber septum was pierced with a sterile 22-gauge needle _
(Becton Dickenson) attached to a digital pressure gauge (-5.00 to 35.00 psi (calibrated to
NIST by the manufacturer (Wallace and Tiernan): 0.00 to 35.00 psi), to measure the
headspace gas pressure to calculate total gas production. At the same time, the room
temperature was recorded with a thermometer calibrated to NIST (Princo Instruments).

Immediately after this, a gas-tight syringe (Pressure-Lok™, Precision Instrument Corp.)
fitted with a stainless-steel side-port needle was used to remove 0.3 ml of headspace gas
to determine the various gases quantitatively by gas chromatography (GC). All analyses
were performed according to writtén procedures prepared as part of the BNL Quality
Assurance Program (QAP).

Carbon dioxide was analyzed using a Varian 3400 gas chromatograph according to
methods detailed in SAND96-2582. Gas production was assessed by examining the
increase in total gas volume over time, in addition CO; is quantitated as an indicator of
microbial activity. The values were measured against the baseline (t=0), or against
control values. For these experiments we prepared the following control samples: i)
unamended, uninoculated samples; ii) and samples without organic substrate (cellulose or
plastic/rubber material). The gas data in this report are cumulative from t=0.

Results .

The appendix provides the following tables of data: 1-4, total gas and CO;, produced in
aerobic humid experiments; Table § presents a summary of CO, production on a per-
gram cellulose basis with corrections made in the data for CO; produced in control
samples; Tables 6-9 provide total gas and CO; produced in anaerobic humid experiments;
Table 10 provides a summary of CO; production; 11-15, total gas produced in samples
containing plastic and rubber materials; and 16-20, CO; produced in samples containing
plastic and rubber materials. Data are the mean of triplicate samples with the standard
error reported except where single samples were analyzed due to either holding the
replicate in reserve or prior destructive testing of the replicate samples.

Summary
Initially Aerobic Humid Samples (Tables 1-5)

Initially aerobic (sealed) humid samples did not show any marked increase in gas or CO;
production over the 4.75 year period since they were fast analyzed (Tables 1-4); most
notable was a decrease in CO; content in unamended and amended samples in the
absence of bentonite (Table 5) and an increase in unamended samples of 75 pmoles CO,
g cellulose in its presence (Table 5, these studies show a stimulatory effect of bentonite
on microbial gas generation under humid conditions). Loss of CO; may be due to a gas

25




consuming process such as methanogenesis; additional analysis planned for this year will
examine methane production.

Anaerobic Humid Samples (Table 6-10)

A decrease in CO; content was observed in specific samP]es (amended, uninoculated and
inoculated, Table 10). An increase of 82 ymoles CO; g~ cellulose was shown in
unamended inoculated samples (no bentonite) during the 4.75 year period since the last
analysis (Table 10); while the same samples with bentonite only showed an increase of 7
pmoles (unamended inoculated samples with bentonite but without cellulose produced
42.2 umoles CO; sample”, this value is used to correct for gas production in the absence
of cellulose). Amended samples without bentonite showed a decrease in COx; those with
bentonite showed an increase of 70 pmoles CO; g cellulose (Table 10).

Samples Containing Plastic and Rﬁbber Materials (Tables 11-20)

Samples containing plastic and rubber materials did not show any significant increase in
gas volume beyond that produced by control samples incubated without the polymer
substrate. Carbon dioxide, a more sensitive analyte for microbial activity, increased
somewhat in samples containing irradiated PE (10.9 pmoles CO; sample over 4.9 years
since the last analysis); irradiated PVC (44.6 pmoles); irradiated neoprene (21.5 pmoles),
and unirradiated hypalon (unleaded, 11.2 pmoles, and leaded, 9.77 umioles). Note that
the amount of CO;, generated over 4.9 years in samples containing plastic or rubber
materials is not markedly higher than control samples. Additional analysis, including
microscopy and spectroscopy, will be used to determine if material changes have
occurred in the polymers due to microbial activity.

Future Work

Further analysis of the data presented here will entail correcting the gas generation data
from samples containing plastic and rubber materials using the control samples. In
addition, gas production on a per-gram polymer basis will be determined. During the
second quarter of FY2001 select samples from the long-term inundated cellulose
biodegradation experiment will again be analyzed for total gas, CO;, and most .
importantly methane. These samples will be studied for the presence of methanogenic -
bacteria. Select samples from the humid studies and samples containing plastic/rubber
materials will also be analyzed for methane production. Material characterization
techniques including infrared and x-ray spectroscopy will be used to assess the extent of
polymer degradation due to microbial activity. '
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Table 1. Total Volume of Gas Produced in Initially Acrobic Humid Treatments (without bentonite)

Treatmenis (without bentonite) Valume of Gas Produced (mUsample}
4 . Incubation Time (Days)
-] 120 317 399 593 804 2553
Control
Empty botife 7.15 0.22 0.28 1.08 1.18 2.5 0.73
Blank (tube+brine only) $.74 227 068 0.14 0.52 0.32 -0.89
No celtulose (salt/ inocutum/ tuba+brine) 623 £ 009 2,38 t 004 021 £ 007 073 t 007 023 £ 004 301 ¢ 022 -0.48 £ 0.87

Carbon Source: Ceflufose Only

Unamended uninoculated 8.87 = 0.1 003 £ 185 041 & 009 020 & 0.4 012 ¢ 003 110 % 017 0.77 £0.16
Unamended Inoculated 750 £ 033 031 £ 182 0.19 £ 033 081 t 025 031 £ 005 129 £ 025 1.15 £ 0.39
Amended uninocutated 688 + 0.18 003 & 1868 023 £ 010 020 ¢+ 0.13 020 £ 0.10 050 ¢ 0.21 1.26 £ 0.24
Amended inoculated 7.38 ¢ 0.1 021 £ .87 002 + 018 039 &£ 007 043 & 017 077 £ 018 0.91 £ 0.12
Carbon Source; Cellulose + Glucose
Amended uninoculated 845 t 0.11 «2.08 075 ¢t 0.00- 008 & 0.21 002 % 0.14 013 = 0.28 1.05 + 0.22
Amended Inoculated 7.03 = 0.07 -1.82 ¥ 0.1 070 ¢ 033 . 035 £ 0.23 015 ¢ 004 050 ¢ 0.22 1,15 £ 0.00
Amended uninoculated (RG salt} . NA 3.12 199 ¢ 1.9 080 £ 0.11 034 ¢ 032 0.18 = 040 2.87 £ 099
Carbon Source: Cellulose + Succinate .
Amended uninoculated (w/ acetylane) 16.5 NA 0.84 -0.10 1.68 0.10 1.98
Amendad uninocutated (wlo acetylene) 515 -2.08 068 0.37 -0.08 0.72 0.74
Amended Inoculated (w/ acatyteno) 12.8 ) NA 117 0.35 0.34 £0.10 n/a
Amended Inocutated (w/o acatylene) 5.88 -2.20 127 0.05 0.17 0.72 2.18

RC eatt = reagent grade NaCl was usad i this reatment n place of WIPP salt
N_A=noi enalyzed

27




Table 2. Total Volume of Gas Produced in Initially Aerobic Humid Treatments (with bentonite)

Troatments (with benionite) Volume of Gas Produced (mi/sample)
incubation Time (Days)
g9 583 2553

Control
Empty bottle ¢ - 1.08 0.73
Blank (tube+brine only) 0.14 . 089 .
No ceflulose (salt/ moculunV tube+brine} 052 . 3 X K X 147 % 0.51

Carbon Source: Celluiose Only ' :

Unamended uninoculated . 5.67 | K X - 1.36 2 0.25
Unamended inoculated 8.35 . \ X . . 1.05 £ 030
Amended uninoculated 8.09 L . ) X . 205 2099

Amended inoculated 7.81 . 2 A X 1.15 £ 0.18

Carbon Source: Cellufose + Glucose
Amended uninoculated 635 + 004 ) . 141 £ 040
Amended inoculated 729 + 0.1 X . \ 0. 3 , X 1.20 £ 0.04
Amended uninoculated (RG saflt) NA . . . 2 1.28 £ 0.37

Carbon Source: Cellulose + Succinste .
Amended uninoculated (w/ acetylene) 18.7 NA
Amended uninoculaled (w/c acatylena) 5.58 -1.98
Amended inoculated (w/ acatylene) 18.0 NA
Amended incculated (w/o acetylene) 8.82 -2.29

ey e———eere e e T
RO salt = reagent grade NaCl was used in this treatment in place of WIPP salt
NA=noi analyzed




Table 3. Production of Carbon Dioxide in Initially Acrobic Humid Treatments (without bentonite).

Treatments (without benfonite)} Carbon Dioxide (ymotes/sample)
- Incubation Tima {Days)
317 398

Controf
Empty bottle : 484
Blank {Lbe+brine only) . 4.683
No ceilulose (salt / inocutum/ tube+brine) . . . 9.21

Carbon Source: Celflulose Only
Unamended uninoculated
Unamended Inoculated
Amended uninoculated
Amended Inoculated

Carbon Source: Cellulose + Glucose
Amendod uninoculated
Amended Inocutated
Amended uninocutated {RG sall)

Carbon Source: Cellufose + Succinste
Amended uninoculated (w/ acetytene) 181 NA
Amended uninoculsted (w/o acetylens) 15.7 26.0
Amended noculated (w/ acetylens) 149 NA
Amended Inoculated (w/o acetylene) 15.8 424

R 52l = reagor grads NaCl was used n Vs Tosimeni m placo of WIPP saft
NA=not analyzed




Tabte 4. Production of Carbon Dioxide in Initially Aerobic Humid Treatments (with bentonite)

Treatments (with bentonite) Carbon Dioxdde (ymoles/sample)
Incutation Time (Days)
M7 399

Control
Empty bottle
Btank {tube+brinae only)
No cellulose (sakt / Inocutum/ tube+brine)

Carbon Source: Cellulose Only
Unemended uninoculated
Unamended Inoculated
Amended uninoculated
Amanded inoculated

Carbon Source: Celluloss + Gilucose
Ameanded unineculated
Amended Inoculated
Ameanded uninoculated (RG sah)

Carbon Source: Cellulose + Succinate
Amended uninoculated (w/ acetylene) 229 NA
Amended uninoculatad (w/o acetylene) 21.7 ‘ 41.7
Amended Inoculated (w/ acetylene) - 385 NA
Amendad inoculatad (wfo acetylens) 52.8 1130

RG salt = reagent grada NaGi was used In this treatment In place of WIPP galt
NA=not analyzed




Table 5. Summary of Carbon Dioxide Production per gram Cellulose in Initially Aerobic Humid Treatments (including corrected data)

Treatments Carbon Dioxide (ymoles/ gram colhdoss)
without bentonite Incubation: Time (Days) i
- 8 120 317 389 593 804 2553
Controf
No cellulose (salt/ inocutum/ tube+brine) 793 = 049 140 = 09 10.7 £ 0.3 921 + 008 838 ¢+ 022 361 £ 0.18 3.55 £ 0.2
Carbon Soume: Celiuloze
Unamended noculated 11.7 &£ 01 580 % 44 726 + 114 855 ¢ 115 453 % 8.1 278 ¢ 53 12.0 2 3.25
Amanded Inoculated © 359 £ 13 424 £ 15 311 ¢ 24 248 1 29 147 ¢+ 24 82 £ 175 4,48 £ 1.09 _
Unamended inoculaled (comected)® 3.77 % 003 424 £ 33 620 + 86 583 t 89 -389 £ 70 240 t 486 8.45 £ 2.29
Amended Inoculated {comrectod)® 280 ¢ 1.0 285 £ 10 205 + 18 158 £ 1.8 832 £ 14 480 = 088 0.93 £ 0.23
Troatments Carbon Dioxide (ymoies/ gram cefluloge)
with bentonite Incubation Time (Days)}
, [] 120 317 ) 583 804 2553
Controf ‘
No cellulose {salt/ Inoculury tube+brine) 342 ¢ 08 184 2 1 188 ¢ 8 144 £ 4 861 ¢t 0.8 423 2 3 16.13 £ 4.52
Carbon Source: Cellufose

Unamended inoctiated 207 t 00 172 ¢ 5 2713 £ 25 268 t 44 219 t 61 184 = 78 ‘233 £ 152
Amended Inoculated 53.7 + 24 1033 z 78 1623 t 26 1600 = 44 1520 + 40 1470 & 40 1059 £ 207
' Unamended Inoculated (comected)® =135 ¢ 0.0 6 20 105 2 08 124 = 204 130 ¢ 38.2 142 ¢+ 58.5 217 £ 141
Amended Inoculated {comrected)® 195 ¢ 0.8 889 + 63.9 1455 + 3.7 1458 + 400 1431 ¢ 37.7 1428 + 388 1043 + 204

* Tnase samples have been corrected with the appmpdafemﬁ’olforgasp:mmmam of cellufose
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Table 6. Total Volume of Gas Produced in Anaerobic Humid Treatments (without bentonite})

Treatments (without bentonite)

Total Voluma of Gas Produced (mVsample)

100

gas produced”

Days
gas produced
(94 d) 140 {40d)

gas PI‘OdUG&d
(275 d)

2158

gas produced
(1741 d}

Control
Empty bottle
) Blank {tubs+brine onty)
No celtutose (salt/ inoculumy/ tube+brine)

798+ 059
685 .38
649 : 0.04

462 ¢
361 ¢
.07 ¢

-3.38 «1.01
-3.04 T2 . -1.01
-3.42 . . -1.51

-1.60
=243
1.20

0.72
-0.68
5.53

-1.29
-1.28
277

Carbon Sourca: Cellufose Only
Unamended uninoculated
Unamended Inoculated
Amended unincculated
Amended [noculated

Amended Inoculsted (w/ acetylene)

Carbon Source: Celiulose + Glucose
Amended uninoculated
Amended Inocutated
Amended unincculated (RG salt)

0.83
0.04
0.00

Carbon Source: Celluiose + Succinate
" Amended uninoculated {w/ acetylene)
Amended uninoculated (w/o ecetytens)
Amended inoculated (w/ acetylens)
Amended Inoculated (w/o acetylens)

189 041
830z 0.19
167 041
587t 0.04

108 ¢
450 ¢
727 ¢
170+

-8.11
-1.80
-11.46
-3.97

RG salt = reagent grade NaCl was used In this treatment in place of WIPP salt

NA=not analyzed

*net gas produced between two time periods (duration between anatyses given in parentheses).




4

Table 7. Total Volume of Gas Produced in Anaerobic Humid Treatments (with bentonite)

Treatmenis (with bentonite)

Total Volume of Gas Produced (mi/sample)

, _ Days
gas produced® gas produced
(84 d) 140 {40d)

Control
Empty botlle
_Blank (tube+brine only)
No cellulose (satt/ iInoculum/ tube+brine)

3.3 -1.01
-3.04 -1.01
-1.58 -3.73

Carbon Source: Cellulose Only
Unamended uninoculated
Unamended inoculated
Amended uninoculated
Amended nocutated

Amended Inoculated {wi acelylene)

Carbon Source; Cellulose + Glucose
Amended uninoculated
Amaended inoculated
Amended uninocutated (RG salt)

0.04
0.11
0.14

Carbon Source: Celluloge + Succinate
Amended uninoculated (w/ acetylens)
Amended uninoculated (w/o acetylene)
Amended inoculated (w/ acetylene)
Amended Inoculated {(w/c acetylena)

1991¢
761 %

186 ¢

8.76 ¢

04

'0.48

0.1
0.18

836 ¢

428 %

16.7 ¢
102+

214
1.10
06

0.3

RG salt = reagent grade NaCl was used tn this treatment in place of WIPP salt

NA=not anatyzed

*net gas produced between two time pericds (duration between anaiyses given in parentheses).
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Table 8. Production of Carbon Dioxide in Anacrobic Humid Samples (without bentonite)

Treatments (without bentonite) pmoles COx/Sample
‘ Days :
8 100 140 415 __2156
Control
Empty bottle 0.00 £ 0.00 068.+ 046 1.4 ¢ 095 0.00 £ 000 4,13
Blank (tube+brine only) .00 £ 0.00 032 + 0.22 0.0¢ = 0.00 0.00 + 0.00 214
Salt / inoculunmy tube+brine {no cellulcse) 360 t 0.01 560 % 0.11 7.683 ¢ 1.08 164 ¢ 08 8.35
Carbon Source: Cellulose Only
Unamended uninocculated 407 = 009 ‘544 = 0.10 6.22 t 082 805 + 0.18 158 : .46
Unamended inoculated 113 ¢ 0.2 259 + 38 3.1 £ 70 89.0 £ 244 163 t 36
Amended uninoculated 334 ¢ 0.22 . 343 ¢ 1M ps + 09 323 £ 15 © 135 £ 276
Amended incculated 169 £ 1.15 384 £ 08 404 t 0.8 347 t 09 182 x 1
Amended Inoculated (wi ecelylene) 13.7 £ 13 _S+ 22 427 &t 25 610 ¢ 169 47.3 + 17
Carton Source: Celiulose + Glucose . ‘
Amended uninoculated 33 t 027 235 t 16 313 £ 00 388 + 2.1 429 ¢ 5.2
Amended inoculated 17.7 &t 047 3gs ¢ 0.2 422 + 09 418 1 42 528 t+ 108
Amended uninoculated (RG sait) 407 ¢ 037 198 £t 24 289 t 06 263 + 29 478 ¢ 123
Carbon Source: Celluiose + Succinate . . .
Amended unincculated (w/ acetylene) 321 ¢+ 0.4 225 ¢+ 08 294 £ 25 288 ¢ 3.0 NA
Amended uninoculated (w/o acetylens) 3.19 + 0.18 214 t 02 279 £ 05 3.1 £ 25 984
Amended noculated (w/ acetylena) 135 ¢ 07 78.1 & 334 123 £ 63 308 £ 175 99.9
Amended inoculated (w/o acetylene) 148 % 0.2 60.5 t 16.0 106 = 21 328 £+ 78 1034

"RG salt = reagent grade NaCl was used In this tresiment In place of WIPP salt
NA=not anatyzed
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Table 9. Production of Carbon Dioxide in Anaerabic Humid Samples (with bentonite)

Treatments (with bentonite) pmoles COx/Sample

Days
140

Contro!
Empty bottle
Blank (tube+brine only)
Salt / inoculun tube+brine (no cellulose)

Cerbon Source: Cellulose Only
Unamended uninoculated
Unamended inoculated
Amended uninoculated
Amended inoculated

Amended Inoculeted (wl acetylene)

Carbon Source: Cellulose + Glucose
Amended uninoculated
Amended inoculated
Amended uninoculated (RG galt)

Carbon Source; Cellulose + Succinate
Amended uninoculated (w/ acetylens) . 0.60 . 0.00 & 0.00
Amended uninoculated (wio acetylens) . 0.74 490t 186
Amended inoculated (w/ acetylene) . 027 703 ¢ 27
Amended Inoculated (w/o acetyleﬂe) . 0.82 237+ 2

RG salt = reagent grade NaCl was used In this treatment in place of WIPP salt
NA=not analyzed




Table 10. Summary of Carbon Dioxide Production per gram Celtulose in Anaerobic Humid Samples

Treatments Carbon dloxide (ymoles/ gram cellulose}

without bentonite

100

Days

140

415

Control
No cellulose (saltf Inoculuny/ tube+brine)

Cerbon Source; Celiulose
Unamended Inoculated
Amended Inoculated

59 t 0.1

259 £ 36
384 t 08

764 £ 1.08

36.1
404

164 + 0.6

g9 + 244
347 t 08

Unamended inoculated (corrected)”
Amended Inoculeted (corrected)”

20.0 £ 29
305 & 0.7

285
32.8

+ 189
18.3 * 05

Treatments
with bentonite

Carbon dioxide (pmoles/ gram cellulose}

100

Days

140

415

Control
No cellulose (salt/ Inoculumy/ tube+brine)

Carbon Sourca: Cellulose
Unamended Inoculated
Amended Inocutated

3886 t 61

94 %3
250 ¢ 30

398 t 55

518 t 34

434 £ 39
442 ¢ 152

93.8

483 £ 133
554 % 35.7

Unamended lnoculate& {comuected)”
Amended Inoculsted (corrected)”

574 t 16
213 + 26

382 £ M4
390 + 134

3sg ¢ 107
480 + 30

* These samples have been corrected with the appropriate control for gas produ

ction in the absence of cellulose




Table 11. Total Volume of Gas Produced in Samples Containing Polyethylene.

Miililiters of Gas Produced/Sample

Sample Days
334 488

No Plastic or Rubber

Aerobic

Unamended 097 % 013 1,09 £ 0.83
Amended 1.74 * 017 1.56 £ 0.03

Anaerobic
Unamended + 0.08
Amended + 1.19

Polyethylene - Aeroble
Unamended
Unirrediated
Irradiated (Low-Dose)

' Irradiated (High-Dose)

Amended
Unirradiated
Irradiated (Low-Dose)
jrradiated (High-Dosc)

Polyethylene - Anaerobic

Unamended

Unirrediated . 1.19
Irradiated (Low-Dose) 1.22
trradiated (High-Dose) . 0.59

~ Amended
Unirradiated ' 1.15 508 %t 0.06 333 £ 092 373 £ 091 © 333 £ 045 348 t 058

Irradiated (Low-Dose) 1.26 561 = 0.21 499 £ 058 484 % 081 430 £ 081 376 t 0.14
Irradiated (High-Dose) 1.08 541 £ 0.19 437 £ 0.81 475 £ 0.74 454 £ 0.85 469 £ 083

Amended: NH,NO, (0.5 giL), K,HPO, (0.5 giL), yeast extract (0.25 giL.); Unamended: no nutrient addition.




Table 12. Total Volume of Gas Produced in Samples Containing Polyvinylchloride.

‘ Mitliliters of Gas Produced/Sample
Sample ) Days

7 0 30 189 34 488 840 2812
No Plastic or Rubber ‘
Aerobic
Unamended 0.93 0.87 £ 043 -1.09 & 063 045 * 050 078 £ 0.52 170 £ 035 3.29 & 037
Amended ' 0.85 1.74 £ 017 156 = 0.03 090 % 048 1.73 * 0.57 269 % 059 2.686 £ 049
Anaerobic
Unamended 1.07 1.147 £ 005 098 t 008 0.88 t 0.37 159 £ 042 248 %+ 034 2.31 £ 04

" Amended 0.93 496 £ 0.24 313 £ 119 3.13 £ 115 366 %t 0.98 424 £ 0.82 5.27

Polyvinylchloride - Aerobic

Unamended
Unirradiated 1.08 0.64 -1.99 1.38 1.13 2.08 3.36
Imadiated (Low-Dose) " 0.80 0.92 0.59 1.58 1.02 2.29 3.38
" Irradiated (High-Daose) 1.12 1.18 -2.05 1.40 1.08 1.34 1.97
Amended
Unirmudiated 0.89 1080 £ 0.23 187 £ 013 187 £ 0.29. 180 t 032 257 ¥ 037 3.23 * 036
Imadiated (Low-Dose) 0.90 047 = 0.31 05 £ 0.23 0.17 % 0.18 049 % 0.15 137 t 0.7 265 £ 02
Irradiated (High-Dose) 0.87 -1.08 £ 0.14 281 £ 071 205 * 0.04 248 % 0.10 300 x 017 381 £ 0.12
Polyvinylchloride - Anaerobic
" Unamended
Unirradiated 1.06 1.86 1.70 2.12 2.14 3.08 ass
Irradiated (Low-Dase) ) 1.24 1.868 1.81 1.09 0.96 1.86 2.66
[rradiated (High-Dose) 1.09 1.53 1.53 134 1.54 1.72 3.97
Amended :
Unimradiated 1.02 510 t 0.18 389 t 1.08 407 £ 094 401 * 0.80 469 % 058 - 472 % 042
[rradiated (Low-Dose) 0.99 132 & 0.06 282 t 092 501 £ 030 4718 & 0.23 494 t 0.16 475 £ 020
{rradiated (High-Dose) 0.98 273 = 079 534 % 011 524 & 0.1 531 % 0.0 - 5§19 t 0.03 §.27 £ 0.02

Amended: NH,NO; (0.5 giL), KzHPO4 (0.5 g/L), yeast extract (0.25 g/L); Unamendad: no nutrient addition.
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Table 13. Total Volume of Gas Produced in Samples Containing Neoprene.

WAiliiiiters of Gas Produced/Sample

Sample Days

0 30 189 34 488 840 2612
No Plastic or Rubber :
Aerobic
Una;nended 0.83 067 % 013 -1.00 £ 063 045 % 050 078 £ 0.52 170 £ 035 329 t 037
Amended 0.85 1.74 £ 017 156 % 0.03 020 £ 0.48 173 £ 057 269 + 059 2.86 £ 049
Ansaerobic
Unamended 1.07 1.17 £ 005 0.98 £ 0.08 066 £ 037 150 + 042 248 £ 034 231 + 040
Amended 0.93 496 t 0.24 313 £ 119 313 £ 115 368 t 098 424 £ 082 5.27

Neoprene - Aerobic

Unamended

Unirradiated 0.91 0.32 213 A7 0.94 3.23 2.70
Irradinted (Low-Dose) 1.03 0.02 084 1.32 1.68 3.25 3.55

" {rradiated (High-Dese) 0.97 -0.05 -2.30 0.53 1.95 2.91 2.74
Amended .
Unirradiated 1.00 232 % 0.09 175 £ 0412 134 £ 012 185 £ 0.21 269 t 034 266 * 0.25
Irradiated (Low-Dose) 0.87 1.87 % 0.20 1.74 £ 0.30 128 * 0.37 1,70 £ 0.26 296 + 022 313 % 043
Irradiated (High-Dose) 0.70 191 % 045 1.76 t 038 133 t 037 177 £ 024 280 + 0086 3.16 £ 0.40
Neoprene - Anaerobic

Unamended

Unirradisted 1.06 1.48 0.85 1.67 1.56 1.80 2.15
Irradiated (Low-Dose) 1.10 1.29 1.05 ' 1.28 1.68 244 1.90
Irradiated (High-Dose) 1.14 1.73 1.54 2.03 1.89 1.98 3.44
Amended ,

Unirradisted 1.23 519 t 0.14 348 £ 1.00 449 % 093 378 + 073 296 % 054 384 % 0.31
Irradiated (Low-Dose) 0.98 505 £ 0.1 361 % 064 248 % 033 231 % 0.39 248 t 036 279 £ 035
Irradiated (High-Dose) 1.00 453 + 009 474 £ 024 526 t 020 486 t 0.04 512 £ 007 458 % 0.08

Amended: NH,NO, (0.5 giL), K;HPO, (0.5 gl_l.). yeast extract (0.25 glL); Unamended: no nutrient addition.

39




Table 14. Total Volume of Gas Produced in Samples Containing Unleaded Hypalon.

Milliliters of Gas Produced/Sample

Sample Days

157 332 664 2464
No Plastic or Rubber
Aerobic
Unamended 1.08 0.88 008 033 + 0.09 0.38 £ 0.15 145 = 0.27
Amended 1.00 021 £ 0.07 -0.04 % 0.09 051 = 0.07 1.37 % 0.07
Anaerobic
Unamended 0.65 147 £ 004 0.88 £ 0.17 1.07 £ 0.08 1.51 0.08
Amended 0.76 430 = 0.1 245 t 095 3.09 £ 081 3.58 0.74
Unleaded Hypalon - Aerobic
Unamended
Unirradiated 1.12 1.05 0.14 0.34 0.82
Irradiated (Low-Dose) 1.06 0.24 0.21 1.18 0.87
Amended
Unirradiated 1.14 -0.60  0.06 025 % 0.5 049 % 0.09 1.40 0.35
Irradiated (Low-Dose) 1.11 054 * 091 1.07 £ 089 190 = 0.88 1.68 0.15
Unleaded Hypalon - Anaerobic
Unamended
Unimadiated 0.84 145 0.94 1.55 2.2
Irradiated (Low-Dose) 0.77 1.39 0.91 1.08 1.36
Amended
Unirradiated 0.82 404 % 0.04 292 £ 092 349 % 0489 3.29 0.78
Irradiated (Low-Dose) 0.86 292 t 069 267 t 098 341 £ 090 2.99 0.67

Amanded: NH.NO; (0.5 giL). K;HPO, (0.5 giL),

yeast extract (0.25 gL}, Unamended: no nutrient addition.




Table 15. Total Volume of Gas Produced in Samples Containing Leaded Hypalon.

Milllliters of Gas Produced/Sample

Sample Days

0 . 157 : 332 664 2464
No Plastic or Rubber
Aetoblc
Umcnded 1.08 ‘ 0.86 £ 0.08 033 £ 009 036 £ 0.15 145 = 0.27
Amended 1.00 021 % 0.07 0.04 £ 009 0.51 * 0.07 1.37 = 0.07
Anaerobic .
Unamended 0.65 147 £ 0.04 088 £ 0.17 107 £ 0.08 . 151  0.08
Amended 0.76 430 £ 0.11 245 % 095 3.09 £ 081 358 £ 0.74

Leaded Hypalon - Aerobic

~ Unamended 7

Unimradiated - 1.06 -0.13 -0.41 -0.58 0.86

Irradiated (Low-Dose) 1.02 -0.26 -1.04 -1.36 -1.07
Amended

Unirradiated 1.17 -1.41 £ 0867 140 = 093 1.81 £ 093 267.%£ 0.79
Irrediated (Low-Dose) 1.08 l 0.72 £ 0.08 017 £ 014 057 % 0.16 © 223 £ 025

"Leaded Hypalon - Anaerobic

Unamended _
Unirradiated 0.31 1,00 1.09 1.49 1.85
Irradiated (Low-Dose) 0.29 1.06 1.01 1.01 1.34
Amended

Unirradiated 0.94 385 t 0.02° 2906 * 078 330 £ 1.12 360 £ 093
Irradiated (Low-Dose) 1.06 383 = 0.10 377 % 0.4 445 % 005 397 % 0.38

Amended: NH,NO, (0.5 giL), K,HPO. (0.5 g/L), yeast extract {0.25 g/L); Unamended: no nutrient addition.
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Table 16. Carbon Dioxide Produced in Samples Containing Potyethylene.

pymoles CO4/Sample
Sample Days
0 30 189 334 488 840 2612

No Plastic or Rubber
Aerobic
Unamended 1.50 1.7 £ 0.13 811 £ 0.33 848 + 039 119 £ 05 150 £ 1.7 199 £ 1.2
Amended 1.21 261 £ 0.2 359 £ 04 380 £ 09 428 * 1.8 427 % 21 46.2 £ 1.9
Anaerobic
Unomended 1.52 1.76 + 0,05 271 % 0.06 660 £t 0.50 155 £ 0.2 1668 * 1.9 17.2 £ 14
Amended 1.21 160 £ 0.2 237 % 04 295 £ 0.6 338 £ 07 329 £ 07 3.9
Polyethylene - Aerobic
Unamended
Unirmadisted 1.70 363 6.61 138 18.7 ar3 84.2
Irrediated (Low-Dose) 1.67 2.57 8.18 14.8 149 16.5 16.0

" Inadinted (High-Dose) 1.58 2.70 8.37 13.7 13.0 18.7 26.8
Amended )
Unirradiated 1.29 281 £ 03 3683 £ 02 448 % 0.7 401 £ 1.0 415 % 2.7 437 £+ 58
Irradiated (Low-Dose) 1.23 273 £ 03 350 £ 02 448 * 07 408 * 16 403 £ 2.2 494 % 28
Trrediated (High-Dose) 1.25 268 £ 04 346 * 04 443 % 1.3 4268 £ 0.2 - 415 £ 03 52.4
Polyethylene - Anaerobic
Unamended
Unirradiated 1.66 1.83 4.53 14.0 1.7 1.2 14.0
Irrediated (Low-Dose) 1.58 1.862 a5 131 159 15.8 15.2
Irradiated (High-Dose) 1.63 2.10 2.7 8.80 20.8 215 234
Amended
Unimadiated 1.29 195 £ 0.1 281 % 01 347 £ 04 328 £ 04 320 £ 23 34.2
Irradiated (Low-Dase) 1.35 192 £ 0.2 256 t 05 346 t 08 M5 £ 14 320 £ 07 274 t 28
Irradiated (High-Dosc) 1.3 195 + 0.2 243 % 03 338 £ 01 336 £ 1.2 356 £ 2.2 27.3

Amended: NHNO; (0.5 giL}, K;HPO, (0.5 g1),

yeast extract (0.25 gL); Unamended: no nutrient addition.
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Table 17. Carbon Dioxide Produced in Samples Containing Potyvinyichloride.

pmoles CO/Sample
Sample Days
‘ 0 30 169 34 488 840 2612
No Plastic or Rubber
Acrobie
Unamended 1.50 178 £ 0.12 811 £ 033 848 t 039 119 % 05 150 = 1. 199 + 1.2
Amcnded 1.21 261 £ 0.2 359 £ 04 38.0 £ 0.9 428 £ 15 427 £ 24 482 £ 11
Anaerobic .
Unamended 1.52 1.78  0.05 271 £ 0.08 880 t 050 155 % 0.2 168 t 19 172 £ 14
Amended 1.21 180 t 0.2 237 £ 04 295 t 0.6 338 t 07 aze t 07 e
Polyvinylchloride - Aerobic
Unamended
Unirradiated 1.50 363 7.58 1.7 14.5 18.0 291
Iimadiated (Low-Dose) 1.54 n 18.1 24.1 222 228 31.3
Irradlated (High-Dose) 1.57 1.89 9.38 18.2 147 154 211
Amended i
Unirradiated 1.25 280 £ 05 417 t 02 436 £ 03 409 = 03 398 % 01 449 £ 04
Irradiated (Low-Dosc) 1.15 178 £ 1.2 204 £ 09 307 £ 04 289 £ 02 265 t 01 327 £ 03
Trradiated (High-Dose) 1.22 203 t 0.1 448 t 00 448 T 03 T 444 % 08 501 £ 34 484 t 34
Polyvinylchloride - Anaerobic
Unamended
Unimadiated 1.54 1.78 . 137 158 20.0 : 259
Trradiated ({Low-Dosc) 1.59 1.85 1.95 3.20 3.50 a2 4.70
Irradiated (High-Dose) 1.56 1.88 2,03 418 4.02 4,79 49.4
Amended
Unimadiated 1.19 188 t 03 241 £ 04 285 = 08 286 £ 0.9 319 07 348 £ 17
Trradiated (Low-Dost) 1.20 344 ¢ 008 187 = 0S5 183 £ 0.2 174 % 01 174 % 03 18.7 t 04
Irradiated (High-Dose) 1.18 100 £ 38 202 £ 23 220 t 30 24 + 3.7 285 t 74 275 % 83

Amended: NHNO (0.5 giL), K:HPO, (0.5 gL}, yeast extract (0.25 giL); Unamended: no nutrient addition. '
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Teble 18. Carbon Dioxide Produced in Samples Containing Neoprene.

pmolas CO,/Sample .

Sample

1] 30 189 334 468 840 2612
No Plastic or Rubber ‘ Days
Aerobic
Unamended 1.50 1.76 % 0.3 811 £ 033 848 + 039 1191 % 046 150 £ 1.7 199 £ 12
Amended 1.21 261 t 02 359 + 04 380 % 09 428 £ 15 427 t 2.1 482 £ 1.4
Anaeroblc
Unamended 1.52 1.78 t 005 271 £ 0.08 .60 % 0.50 155 £ 0.2 188 % 1.9 17.2 £ 14
Amended 1.21 18.0 £ 02 237 £ 01 285 t 08 336 = 07 329 t 07 31.9
Neoprene - Aerobic
Unamended
Unirradiated 1.60 3 7.68 8.33 10.1 28.8 30.5
Imadiated (Low-Dose) 1.66 369 8.18 10.7 12.3 15.1 6.8
. Irradiated (High-Dose) 1.64 4.1 104 18.0 255 41.8 60.0
Amended
Unimadiated 1.27 254 & 04 384 t 05 377 £ 03 394 x 09 488 T 27 48.2 £ 27
Trradiated (Low-Duose) 1.32 278 £ 0.2 402 x 07 409 t 09 418 £ 18 435 £ A1 558 + 18
Irrediated (High-Dose) 1,30 293 t 0.2 45 £ 11 487 £ 23 485 £ 3.2 552 t 71 746 £ 00
Neoprene - Anaerobic
Unamended
Unirradiated 1.58 2.0 275 9.34 15.7 15.7 15.7
[rradiated (Low-Deose) 1.65 209 218 3.09 NA 19.2 25.7
Imediated (High-Dose) 1.67 1.81 2.28 2.50 2.38 292 19.0
Amended
Unirradiated 1.24 163 t 01 227 £ 03 329 % 08 331 £ 08 335 £ 1.0 31.7 £ 01
Trradiated (Low-Daose) 1.32 190 £ 04 225 t 02 283 £ 09 313 £ 10 31.7 £ 08 339 0.5
Irradiated (High-Dose) 135 234 £ 09 307 £ 1.3 348 £ 10 65 £ 07 48.7 £ 1.7 478 % 22

Arnonded: NHNO, (0.5 giL), K:HPO, (0.5 giL), yeast

axtract (0.25 g/L); Unamended: no nutrient addition.




Table 19. Carbon Dioxide Produced in Samples Containing Unleaded Hypalon.

pmoles CO,/Sample

Sample Days )

: 0 . 157 332 664 2464
No Plastic or Rubber
Aerobic .
Unamended 1.78 384 £ 0145 369 % 0.08 252 * 0.52 555 + 0.08 -
Amended ' 1.56 303 £ 05 308 * 04 298 * 02 333 t 07
Anaerobic
Unamended 1.78 2,76 + 0.01 2768 + 0.01 415 T 144 526 % 0.15
Amended : 1.65 204 * 0.2 212 £ 04 . 220 & 0A 236 % 05
Unleaded Hypalon - Aerobic
Unamended
Unirradiated 1.78 A 3.18 3.67 4.90
Irradiated (Low-Dose) 1.77 408 : 5.33 6.77 11.2
Amended
Unirradiated 1.51 279 £ 03 281 £ 03 271 £ 06 318 £ 03
Irradiated (Low-Dose) 1.64 409 + 886 418 £ 84 406 t 6.4 T 438 £ 7.1
Unleaded Hypalon - Anaerobic
Unamended
Unimadiated 1.79 2.10 1.9 2.23 510
Trradiated (Low-Dase) 1.79 2.22 1.97 4,04 5.80
Amended
Unirradiated 1.56 199 % 0.2 208 t 0.2 196 * 0.3 211 % 041
Irradiated (Low-Dose) 1.65 . 188. % 06 213 £ 04 235 £ 1.8 3114 £ 59

Amended: NHNO; (0.5 g/L), K;HPO, (0.5 g/L), yeast extract (0.25 giL): Unamended: no nutrient addition.
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Table 20. Carbon Dioxide Produced in Samples Containing Leaded Hypalon.

_ pmoles CO,/Sample
Sample Days
0 157 . 332 664 2464

No Plastic or Rubber

Aerobic _

Unamended 1.76 agd4 £ 015 369 £+ 0.06 252 % 052 555 % 0.08
Amended 1.56 303 * 05 308 £ 04 2084 % 022 - 333 t 07
Anaerobic

Unamended _ 1.78 276 £ 0.04 2786 + 0.01 415 + 144 526 t 015
Amended 1.65 204 + 02 21.2 £ 049 220 £ 041 236 t 05
Leaded Hypalon - Aerobic

Unamended :

Unirradiated 1.72 .77 4.03 5.33 8.27
Irradiated (Low-Dose) 1M 3.30 3.72 4 433
Amended .

Unirmadiated 153 228 % 39 395 £ 8.2 a74 % 94 472 t 32
Irradiated (Low-Dose) 1.59 273 £ 02 276 + 01 204 * 6.6. 2549 % 1.7
Leaded Hypalon - Anaerobic

Unamended

Unirradiated ' 1.1 1.80 1.66 212 6.08
Irradiated (Low-Dose} 1.74 2.05 212 2.60 5.39
~ Amended

Unirradiated 1.68 181 £ 01 196 t 0.2 215 * 0.8 26.1 t 44
Irradiated (Low-Dose) 1.72 188 £ 041 - 194 % 02 180 £ 1.7 209 * 041

Amended: NH,NO; (0.5 g/L), K;HPO, (0.5 g/L}, yeast extract (0.25 g/L); Unamended: no nutrient addition.
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