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ABSTRACT

The use of vitamin B12 reduced by titanium (III) citrate for the reductive dechlorination of
chlorinated aliphatic hydrocarbons has been the subject of numerous microcosm studies, many
suggesting possible in situ field applications. However, most of the work has been conducted in the
aqueous phase with carbon tetrachloride or tetrachoroéthene. This paper describes a laboratory
treatability study consisting of eight treatment conditions conducted with aquifer material and
contarninated site groundwater from Graces Quarters, Aberdeen Proving Ground, MD. The purpose of
the study was to look at the effect of combining the use of vitamin B12 and titanium citrate with various
carbon sources to evaluate the combination of chemical and biological treatments. The site groundwater
is contaminated with a mixture of 1,1,2,2-tetrachloroethane, carbon tetrachloride;, chloroform,
tetrachloroethene, and trichloroethene.

The eight treatment conditions evaluated were: (1) vitamin B12 (10 mg/L), titanium citrate, and
glucose; (2) titanium citrate and glucose; (3) titanium citrate and yeast extract; (4) y-irradiated sterile
control with vitamin B12 (10 mg/l), titanium citrate, and glucose; (5) glucose only; (6) vitamin B12 (10
mg/1), titanium citrate and glucose, with yeast extract added after 2 days; (7) an alternate chelating agent
and vitamin B12; and (8) vitamin B12, titanium citrate, and yeast extract.

Each treatment combination was conducted using site aquifer material and highly contaminated

_groundwater (2000 - 4000 yig/L) or less contaminated groundwater (<1,000 pg/L). Each was run in
- triplicate, for a total of six active microcosms per treatment condition. In addition, two microcosms.

consisting of aquifer material and highly or less-contaminated groundwater (with nothing else added)
were used as controls for each microcosm condition. In addition to monitoring for the chlorinated
hydrocarborns, the microcosms were monitored for titanium, methane, ethane, ethene, acetylené, glucose,
citrate, lactate, acetate, and propionate. '

This series of experiments showed that the vitamin B12/titanium citrate reaction was effective in treating -
all the compounds initally present in the site gfoundwater. When vitamin B12 was present, chlorinated
alkanes were fully degraded within 5 minutes, whereas the half-life for tetrachloroethene was 33
minutes. The final products of the 1,1,2,2-tetrachloroethane degradation were cis- and trans-DCE, which
remained above their maximum acceptable concentration after 28 days. Some vinyl chloride was
formed, but did not persist. First order reaction rate constants were not dependant upon contaminant
concentration. The addition of titanium citfate alone, without vitamin B12, did degrade the chlorinated

methanes and ethanes (but not the ethienes), but at a much reduced rate. The y-irradiated control showed

that thost of the dechlorination observed was abiotic; however, vinyl chloride degraded more rapidly in
the non-sterilized microcosms. In the treatment containing glucose only, carbon tetrachloride was
dechlorinated to chloroform, but no other reaction was observed. This means that the addition of a
carbon source alone would not be sufficient to induce bacterial populations capable of degradmg all the
contaminants. The degradation of glucose under these anerobic conditions produced large amounts of
CO,, which contributed to the removal of some of the chlorinated products.
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I. Introduction

This report summarizes the results that were obtained by conducting a series of
microcosms for the treatment of groundwater from the Graces Quarter area at Aberdeen
Proving Grounds. The use of vitamin B12 as part of an integrated ch‘emicalfbiplbgical
treatment train was being envisaged because of the suitability of the contaminants at the

site for the vitamin B12- catalyzed reaction.

In this project, comibinations of chemical and biological treatments were conducted
in microcosms containing contaminated water from two areas at the site, representing high
(Q14) and low (Q52) concentrations of contaminants, in the presence of aquifer material

froin a single source at the site.

The experimental design was developed in collaboration with the supervising
group. The purpose of the different treatments was to establish the rate of reaction of the
different contaminarits with titariium citrate with and without vitamin B12 and in
combination with carbon sources to determine the possibility of natural attenuation after

the chemical treatment.

In the vitamin B12/titanium citrate process, vitamin B12 is a catalyst, meaning that
it enhances the reaction, but is not consumed by it. The titanium (III) citrate, on the other
hand, provides the electrons for the reduction of the chlorinated compounds. It is
therefore consutmed and must be replenished. We have developed an alternative technique
for field use based on titanium metal (Lesage et al., 1997). This method was used

throughout the experiment.

The principal contaminants in the site water are: 1,1,2,2-tetrachloroethane (TeCA),
carbon tetrachloride, chloroform, tetrachloroethene (PERC) and trichloroethene (TCE).
The vitamin B12 reaction produces sequential reductive dechlorination of all of these

compounds. A schematic diagram of the degradation pathways is shown on Figure 1.
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Reductive dechlorination may be caused by titanium citrate alone or be catalysed by |
vitamin B12. The ease of dechlorination is governed by the oxidation state of the carbon.
Therefore carbon tetrachloride is the most reactive, followed by chloroform and TeCA.

All of these compounds can be dechlorinated by reduced titanium only, but the rate of
reaction is enhanced by the presence of B12. The ethenes are much less reactive and
require the presence of vitamin B12. The rate of reaction also decreases with the degree of
chlorination. Because the reaction medium is buffered to pH 8, some base-catalyzed

elimination of HCI may occur with the chloroethanes.

This unique combination of contaminants makes the site an ideal candidate for

remediation using an integrated chemical/biological approach based on the use of vitamin

B12. In the proposed scenario, the vitamin B12/titanium citrate would be injected in the
zones of high contamination to reduce the concentration of the chlorinated solvents to a
level that could be tolerated by bacteria. A carbon source is included in the treatment such
that bacteria will be able to proliferate down gradient. The vitamin B12 treatment has been
shown to be non-toxic and compatible with the growth of anaerobic bacteria (Lesage et

al., 1996). This integrated approach is expected to reduce the cost of treating a plume.
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Figure 1: Reactions pathways for the reaction of the site contaminants with

| vitamin B12 and titanium citrate.
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II. Methods

The expérimental methods are described in details in the Work Plan and will only

be summarized here.

The microcosms were conducted in sealed 160 mL serum bottles containing 100 g
of aquifer material from the site and 100 mL of site water. The bottles were incubated
inverted at room temperature. Each treatment was carried out in triplicate with Q52 (low)
and Q14 (high) site water, except for M7 and M8 where only low site water was used. In
addition, because the site water samples had not been composited and there was potential

for variability between bottles, two references containing water from the same bottles as

the treatent, but no reagents, were setup as on-going controls.

The eight treatments used, their purpose and the monitoring schedule are listed in
Table 1.

All the microcosms were monitored using. an SRI GC equipped with dual columns
leading to an electron capture detector (ECD) and a TCD/FID in series. This instrument
was used to monitor the headspace of the microcosms for all the chlorinated volatile
compounds and their known degradation products, except CO. Small liquid samples were
withdrawn to analyze for citrate and the volatile fatty acids that are known biological

degradation products of glucose and citrate. Glucose itself was tested using an Encore™

glucometer .

Cimy documenls\B_lZ\mic_mcosn) final report.doc 3 S. Lesage
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Table 1: Experimental design- Microcosms.

Treatment Purpose Chemical Analyses and
(Each at 2 substrate Schedule
concentrations )

1.vitamin B12 (10 mg/L)
with titanium citrate and
glucose

optimal treatment

By 013550

2. titanium citrate and
slucose

control for reducing
iconditions

Days: 0, 1, 7, 19, 29

3. titanium citrate and yeast
extract

to promote methanogens

Days: 0, 1,4, 16, 28

4. y-irradiated with vitamin

-IB12, titanium citrate and

glucose

fabioti¢ control -

Days: 0, 1, 3, 7, 16, 28

5. glucose

ﬁiglbgibal,ly active control

Days: 0, 5, 14, 27, 48

6. vitamhin B12 (10 mg/L)
with titanium citrate and
glucose. Yeast extract after
2 days.

o establish a :m_ethahogen_i_c
population after TeCA has
been reduced by B12

7. Alternate chelator with
vitamin B12

- hopefully not as easily
biodegraded as citrate

Days: 0, 1, 3,7,15,28 .

with titanium citrate and
eastextract

8. vitamin B12 (10 mg/L)

similar to 3, but with vitamin
B12 - agair to promote
méthanogens

Days: 0, 1, 3, 7, 15, 28

C:\my _clocuments\BlZ\micr_qoosm final report.doc 9
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III.  Results
1. Preliminary experiments

Before beginning the actual experiments, it was n_e,c‘e_ssafy to establish the amount
of titanium necessary for the réduction of the aquifer solids. Based on experience
elsewhere, three rinses with a concentrated titanium citrate solution had been sufficient.
Also, no data existed on the effect of titanium citrate alone on carbon tetrachloride and
TeCA. It was therefore necessary to establish the effect of the treatment on site water

alone.

It was found that only measuring the Eh was not sufficient to evaluate the long
term viability of the treatment. Instead, the amount of iron (as Fe'?) was found to be a
more useful indicator of the redox status of the aquifer material. The measurement was
done using colorimetric test strips. The aquifer material was judged as being sufficiently
30 mM Titanium (III) citrate on average. Based on the very high reducible Fe content of
the aquifer material, a full scale system where all the aquifer material would have to be
reduced would be cost prohibitive. Nonetheless, the experiments were still carried out
with the planned amounts of solids, becausé combined chemical/biological treatment

scenarios were to be evaluated.

2. Microcosm 1 (titanium citrate, 10 mg/L vitamin B12 and glicose)

The purpose of microcosm 1 was to see the effect on the site water of the vitamin
B12/titanium citrate using conditions that had been found optimal for the degradation of
PERC. The results obtained are to be used in the design of the column experiments. The
results are summarized in graph in Figure 2, and the complete results are shown in
Appendix A. Within one day, all the tetrachloroethane (TeCA), carbon tetrachloride and
tetrachloroethylene (PERC), were below detection limit. Some chloroform,
dichloromethane and chloromethane were apparent on day 0, but had disappeared by

10
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day 1. Trichloroethylene also decreased significantly by day 1 and was below detection
limit by day 3. The products of transformation appearing within the first 3 days, cis and
trans-DCE, vinyl chloride (VC), ethane and ethene can accourit for all the TeCA and
PERC and TCE transformed within experimental error (400 from 450 nmoles for the low
site water). For the high site water, approximately 1000 nmoles of product were obtained
from 1400 nmoles (sum of TeCA, PCE and TCE). No significant amounts of

1,1,2+trichloroethane and chloroethane were found.

The half-lives for TeCA aﬁd carbon tetrachloride cannot be calculated because
more than 90% was degraded at the first measurement. It is therefore estimated to be less
than 5 minutes, the time usually taken for mixing and equilibration after the add,ition of
vitamin B12. The half-lives for PERC was calculated using first order kinetics to be 33
min for the low and 57 min for the high level water. For TCE it was 5.6 hours and 6.2
hours for the low and high Water respectively. This implies that in an in-situ well
application most of the initial reaction would occurs in the well, before recirculation into

the surrounding aquifer.

After seven days, the gas pressure increased significantly within the microcosms
because of the formation of CO,, a product of glucose biodegradation. It was necessary
to vent the microcosms to take accurate headspace measurements. The amount of gas
removed was recorded and used in the calculations. The graphs show the results in total
number of moles per bottle. The results were calculated using the ideal gas law and the
measured volume. Because the amount of gas removed was often as large as the volume
of headspace remaining, this caused a depletion of the gases, most of which could not be

detected after 15 days. This also had an effect on the remaining chlorinated compounds.

A predicted value could be calculated based on the volume of gas removed and the
Ostwald coefficient. Most of the reduction in contaminant concentration could be
accounted for by these calculation. Confirmation of this was expected from the sterile

control (see Microcosm 4 below).

11 )
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Figure 3. Average glucose and citrate concentrations for the Q52 and Q14 microcosms

The biological aétivity in the microcosms was monitored by analyzing for glucose,
citrate (Figure 3) and the volatile fatty acids (Figure 4). Formate and acetate were
produced inmediately, however glucose levels did not decrease significantly until day 7.
These products probably arise from the other sugars present in the commercial glucose
used. Invertose is actually a high fructose corn syrup that contains glucose, fructose, and
other higher saccharides, which are not measurable by the glucose meter. Lactate
appeared after t_he‘supplemen_tation at day 15, when glucose became seriously depleted
(ffom 20 to <1 mM). Microcosm M1aLF exploded due to a hairline crack in the neck of
the vial and pressure build up sometime between days 18 and 21, however some of the
Ci\miy documents\B12\microcosm final report.doc 4 . S. Lesage
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supernatant was saved and transfer’fed to a 60-mL serum vial for continuous monitoring. |
Lactate, a common glucose metabolite, was measurable by day 19 and, along with formate
and acetate, continued to increase over the 30 day monitoring period. Small amounts of
propionate and butyrate, generally less than PQL, were measurable by the end of the
analyses. The production of acid metabolites was accompanied by a drop in pH from 8.0
to a final pH of 5.5 on day 30. Because the methane concentrations were low and could be
accounted for by the‘abiotic degradation of carbon tetrachloride during the first two days,
it was concluded that no methanogenic bacteria were present A picture of the microcosms
(Figure 5) at the beginning and after 28 days of incubation show the color changes that

accompany the redox status of the microcosms.

At the end of the experinient, a GC/MS analysis was conducted to confirm the
absence of TeCA and the quantity of VC left. The TeCA was below 1 pg/L whereas the
concentration of vinyl chloride varied from 1.1 to 4.3 pg/L (full results in Appendix A).
The GC/MS analysis also revealed the presence of several metabolites of glucose
(heterofermentative pathways): acetaldehyde, ethanol, acetone, butanol and three esters of
butanoic acid (ethyl, propyl and butyl). These peaks were probably the cause of the large
unknown peaks seen in the FID. There was also some butene, a compound that has been

observed as a product of the B12 reduction of PERC and TCE.

In summary then, the vitamin B12 with titanium citrate converted carbon
tetrachloride completely to non-chlorinated products. TeCA, PERC and TCE were mostly

converted to cis and tljans-DvCE, with some VC, ethene and ethane,

C:\my documents\B12\microcosm final report.doc ‘ . S. Lesage
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Figure 5. Microcosms la. Beginning and after 28 days. The small bottle is thie
supernatant of F that exploded.

3. Microcosm 2 (titanium citrate and glicose)

The purpose of microcosm 2 was to measure the effect of the reducing solution
alone, without vitamin B12 being present. Glucose was added to prevent citrate utilization

by bacteria.

A summary of the results is shown on Figure 6. Carbon 'tetrachloride was dégraded
within one day to chloroform which in turn was dechlorinated to DCM. However, in the
absence of B12, DCM persisted for the 28 days of the study. TeCA was also degraded

with the concurrent formation of cis- and frans-DCE, but at a much lower rate than in the

. 17
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presence of B12 (half-life of 2.3 + 0.3 days for the high level water and 2.6 * 0.4 days

for the low level). TeCA was transformed to cis and #rans-DCE and 1,1,2-trichloroethane.

Many analytical problems were experienced around day 7, which means that the accuracy
of the data points on that day are less than for the rest. Noretheless, the trends remained

the same after that period.

There were very little observed losses of PERC and TCE throughout the
incubation period and the losses that were, could potentially be attributed to veriting.

Indeed, similar to what had been observed for M1, glucose was degraded to CO, which

the chlorinated compounds. There was very little vinyl .chloride, ethene or ethane

produced, supporting the fact that there was in fact no degradation of the chlorinated

ethenes.

Glucose consumiption (Figure 3) was comparable to M1a however there were
generally lower amounts of VFAs produced, except for formate which was generated in
concentrations double those found in the M1a series (Figure 4). Acetate production, on
the other hand, was delayed and not detected until day' 19. Lactate concentrations were
lower than in M1a, and propionate and butyrate were not detected in the 29 day

incubation period. As a result of the lower concentration of acids produced, the pH

“decreased a final pH of 6.4 as compared to 5.5 in Mla. CO; production was much lower

in M2 microcosms with an average volume of 55 mL of gas vented from M2 vials as
compared to 293 mL vented from Mla microcosms: One significant difference between
M1a and M2 microcosms, apart from the vitarnin By, addition, was the amount of titanium
added. Mla microcosms contained an average of 20 mM titanilim, while M2 and all

subsequent microcosms had 30 mM titanium added. Although the reducing solution was

‘prepared in the same manner for all of the microcosms, it is possible that in the particular

batch used for microcosm M1a, the oxalate had a shorter reaction time with the titanium
metal. To prevent further inconsistencies in future batches, the exact concentration of
titanium oxalate was measured prior to preparing the microcosms. Increased

concentrations of titanium in M2 microcosms may have had an inhibitory effect on the

v ) 20 ‘
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indigenous microorganisms hence lower CO, production and decreased concentrations of

acid metabolites.

In summary then, the presence of vitamin B12 was essential to achieve the
degradation of chlorinated ethenes and to the comiplete degradation of carbon

tetrachloride.

4. Microcosm 3 (titanium citrate and yeast extract)

The purpose of microcosm 3 was to create favorable conditions for anaerobic
methanogenic bacteria which are known to be able to dechlorinate ethenes and ethanes. It
was also useful as a comparison to M2, because there was no glucose added, and therefore

no large amount of CO; present to create a sparging effect. However, because there was

- no glucose, titanium citrate was rapidly used by the bacteria present. Therefore any

reduction reaction had to occur within the first four days. Afterward, any further

transformation would be more likely the product of biological activity.

The results are summarized on Figure 7. The rate of degradation of TeCA was
similar tb M2 (half-lives 2.4+ 0.6 days for the high concentration and 1.7+ 0.8, for the low
concentration site water). Similarly all the carbon tetrachloride was transformed to
c‘hlorfoférm within 1 day and to dichloromethane within the following sampling.
Dichloromethane was not degraded further. Cis and trans-DCE appeared concurrently and
this coincided almost exactly with the disappearance of TeCA. The production of vinyl
chloride was only evident after 15 days. There was no degradation of TCE, but some

PERC was lost in the high level microcosms after 15 days.

As predicted, without gl'ucosé amendments, citrate was degraded rapidly to less
than PQL by day 1 (Figure 3). CO, generation was strong until citrate was completely
utilized and then was negligible for the remainder of the monitoring period. The pH was

relatively stable, between 7 and 8, over the course of monitoring.
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Because the amount of methane was still increasing after 28 days, the microcosms
were kept intact and monitored after 38 days. More methane was present than in any of

the other treatments. It is therefore apparent that a methanogenic population was being

established. Although the concentration of cis and #rans-DCE started to decrease, the rate

of dechlorination was not very rapid.

In summary, methanogenic conditions were not obtained as rapidly as hoped and
therefore biological degradation did riot occur even within an extended period. This led to

residual concentrations of dichloromethane, PCE, TCE and vinyl chloride.

5. Microcosm 4 (v- irradiated soil -vitamin B12, titanium citrate and
glucose)

The purpose of microcosm 4 was to be able to differentiate between the chemical
and biological components of the dechlorination reaction and to provide an environment
where no CO, would be.produced and therefore where losses to the gas phase would be
minimal. A préliminary sample of soil, site water and reagents was sent to the irradiation
facility at McMaster University (Hamilton, Ontario) fo see the eﬁ'ect of irradiation alone.
While there were no visible changes in the soil and in any of the dry chemicals, the
irradiation completely destroyed all the contaminants in site water. Alternatives such as
s;teri,lizing the site water and respiking contaminants, or irradiating the soil but filtering the

‘'site water were considered. The latter'method was retained.

The soil was rinsed four times with titanium citrate in Milli-Q water before it was
sent to the facility. When the sterilized reagents returned, they were used to make up
titanium citrate in site water that was filtered through a 0.2 um filter. Allv transfers were
made in a laminar flow hood. In addition, to prevent contamination during sampling and

GC analyses, the syringe needles were rinsed in pure ethanol.

The resﬁlts (Figure 8) in the first few days were very similar to those in M1a, that
is the degradation of TeCA, carbon tetrachloride and PERC all occurred within the first
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few hours. Measurable half-lives were obtairied for carbon tetrachloride high only.

(21 min), PERC (high, 4 hours; low, 15 min) and TCE (high, 8 hours; low, 11.5 hours).
After two days, the only chlorinated products present were cis and trans-DCE and vinyl
chloride. During the wholé period, there was no degradation of rans-DCE, a little of cis |
and slightly more of vinyl chloride. The apparent low results for cis-DCE of the MAHA
bottle seems to be an analytical anomaly, because, as ca{n be seén in the tabulated results,
the concentrations calculated on the FID were closer to those of the two other high

replicates. Similarly, the methane and ethene formed remained stable once formed, except

for D and E after 7 and 15 days respectively.

No losses in citrate were observed over a 28 day period, however by day 7 the
microcosms had lost their reducing conditions as was apparent by a colorless, as opposed
to brown, supernatant. To restore reducing conditions, 10 mL of the supernatant was
removed and replaced with a fresh sterile concentrate of Ti(IIT)-citrate, hence the increase
in citrate noted on day 16. Sterility appeared to be maintained in all but two of the
microcosms, M4LD and M4LE, in which glucose degradation products, acetate and
formate, were detected by days 7 and 28, respectively. .Lactate was not detected despite
tﬁe complete removal of glucosé,; In addition, CO, was measurable solely‘i'n MA4LD and
MA4LE.

This confirms that the reductive dechlorination reaction that was observed in the
other vitamin B12 containing microcosms was indeed abiotic and that the later losses
when glucose was present were attributable to venting to the gas phase. This also means
that the vitamin B12 catalyzed reaction is not very effective in degrading cis and trans-

DCE in this situation.
6. Microcosm 5 (glucose)

The purpose of this microcosm was to find out if the bacteria occurring naturally at

the site could induce reductive dechlorination when given a carbon source.
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The results are shown on Figure 9. As expected, for the first few days, no reaction
occurred. After 14 days a flocculate type growth was visible in the microcosms while
glucose coficentrations were beginring to decrease, with consequent production of lactate,
acetate, formaté and CO,. As these microcosms were mearit as a control for chloride,
glucose was re-spiked at day 15 in accordance to its addition to M1a and M2 :microcosm,s.
It appeared however, that bacterial activity was lost shortly after this time as glucose
concentrations remained stable over the next 28 days. This cease m growth was likely a
result of inhibitory low pH values as the initial pH of the site water, 5, dropped to 4 by day
14, and between 3-4 by day 28.

After 14 days, thie concentration of carbon tetrachloride started to drop with a
concurrent increase in chloroform. There was no effect on any 6f the other chlorinated
compounds and the chloroform was not degraded further, éven after 48 days. Therefore, it
is unlikely that the sole addition of a carbon source will be sufficient to produce conditions

where the site contaminants will be biodegraded.

7. Microcosm 6 (vitaniin B12, titaniiim citrate and glucose, yeast
extract added after 2 days)

The purpose of this treatment was to try to induce methanogenic conditions after
most of the chlorinated ethanes had been removed by the vitamin B12 treatment. This was
to verify if the lack of intrinsic remediationi at the site was due to the toxicity of some of

the compounds to bacteria, The toxicity of trichloroethane and of chloroform to

| methanogens has been well documented.

Therefore for the first two days, the conditions were virtually identical to those in
M1a, except that the titanium was higher due to some variability in the strength of the
titanium oxalate solution. The results (Figure 10) were virtually identical as well. TeCA,
carbon tétrachloride, chloroform and PERC disappeared within hours, and the TCE within

one day. The measured half-lives were 15 and 48 min for PERC in the low and high site

, : 30 '
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water and 2.4 (low) and 3.5 (high) hours for TCE. Therefore, when ye‘ast extract was

added, there were only cis and #rans-DCE and vinyl chloride left to degrade.

The added glucose in M6 was sufficient to prevent citrate utilization for more than
14 days with losses notable in four of six of the microcosms on day 29. Degradation of

glucose however, resulted in the generation of much more CO; than in the microcosms

. lacking glucose. Glucose metabolism is generally to lactate with smaller amounts of

acetate and ethanol produced, while acetate is the major product of citrate degradation
with no lactate being formed. High acetate concentrations coincided with those
microcosms in M6 that exhibited significant citrate degradation by day 29. As forinate is
also generated from glucose, concentrations in M6 were double that of M3 and M8. The
pH of the microcosms was relatively stable, between 7 and 8, ovér the course of

monitoring.

Methanogenic conditions were not established within the 29 days of the study in

this system. Since M6LE did exhibit a slight increase in methane on the last day, it was

monitored again on day 50. The concentration of methane had doubled, without any

significant effect on the concentration of the chlorinated compounds.

8. Microcosm 7 (vitamin B2, new titanium chelate)

The purpose of this set was to evaluate the reactivity and stability of a new product
that was developed by a chemical company. The premise was that this would be just as
reactive as titanium citrate, but hopefully not degraded as rapidly, hence it could dispense
us of adding the glucose. Because there was a lot of uncertainty associated with this
treatment it was only tried with Q52 water. '

The method that was ﬁ,sed to make up this sblution was different tha_n with citrate
and resulted in the site water being brought to pH 12 for a few minutes. As can be seen on
Figure 11, this was sufficient to transform all the TeCA to TCE. The half-life of TCE was
23t O.é days. The disappearance of carbon tetrachloride was too rapid to be measured

(half-life < 5 min.) and that of PERC was 70 min. Very little vinyl chloride was formed and
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it was a transient species. The rate of formation of ethene was almost identical to the rate

of degradation of TCE (k= 0.2 compared to -0.3 days™).

This chelate was chosen because it was anticipated to be less biodegradable than
citrate, such that glucose amendments to the remedial solution would be unnecessary. As
this compound was not measurable using the ion chro_matography methods, its degradation
could only be assessed by the appearance of degradation products that were measurable.
Reducing conditions were maintained throughout the 28 day analysis period with t_hé
supernatant remaining dark and clear with visually no evidence of bacterial growth, such
as clouding of the supernatant due to cell proliferation. On day 28 very small amounts of
formate were measured, yet no other VFAs were detected. No gas generated in any of

these microcosms.

Based on information for compounds with a similar chemical structute, this
product is expected to have low toxicity and would be an excellent alternative to citrate.
Because it is a metal chelating agent, however, there may be restrictions in its use in some
areas because it could mobilize toxic metals. However, it is fiot yet commercially available.

Therefore it was decided to continue to use citrate and glucose for the column study.

9. Microcosm 8 (Titanium citrate, yeast extract, vitamin B12)

This microcosm was added at the end, when it ‘was noted that microcosm 3 had
generated some methane but that the dechlorination was relatively slow. Since it is known
factor, it was decided to try this combination. In addition, the presence of vitamin B12
would cause a rapid abiotic dechlorination of chloroform, carbon tetrachloride and
tetrachloroethane that may have inhibitory effects on this microbial population. Only low

site water was used for this set.

The results (Figure 12) were very similar to those of M4, the sterile control, in that
there was no loss of cis and trans-DCE to the gas phase. However, since glucose had not
been added, not all the TCE was degraded because citrate was lost after one day. The half-
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life for PERC was 65 min, whereas for TCE it was 1.4 £ 0.25 days, if the first 3 days of |
data only are considered. The results were also comparable to the first few days of M6,
save the TCE. When compared to M3 (yeast extract and titanium citrate), the difference
was in the B12-catalyzed degradation of PCE, TCE and TeCA. The amount of methane
formed after 28 days was not higher than in M3 and could still all be attributed to the
degradation of carbon tetrachloride (maximum potential of 320 nmoles/bottle) and not to

methanogenesis.

As predicted, without glucose amendments, citrate was degraded rapidly to less
than PQL by day 3 (Figure 3). CO, generation was strong until citrate was completely
utilized and then was negligible for the remainder of the monitoring period. Acetate
concentrations were in excess of 4 g/L upon complete degradation of citrate. Formate
was generated also from citrate but it appeared that the bacteria were utilizing it as
concentrations were decreasing over the last 2-3 weeks of analyses. The pH remained

between 7 and 8, over the whole incubation period.

In summary, the presence of vitamin B12 did not significantly impact the
methanogenesis or the rate of dechlorination in these microcosms. The absence of glucose

resulted in the rapid disappearance of citrate, stopping the degradation of TCE.

10. Post-microcosm reactions

After the end of the incubation period, the supernatant was transferred to 40 mL
volatile vials and 10 mLs were sampled with an autosampler for purge-and-trap GC/MS
analysis to confirm the presence/absence of target compounds for which the MDL was

below the MAC using the SRI GC, and to identify other compo‘Undé formed.

After-a 11 days, the headspace was sampled again and analysed for cis and frans-
DCE using the Photovac. The results are therefore semi-quantitative. In many of the
bottles of M14d, the fatio of trans/cis DCE had decteased significantly and some new early

eluting peaks, having the same retention time as acetone and ethanol were formed. After
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three more days, rans-DCE was at the detection limit in one of the bottles. A month
latér, cis and trans-DCE had disappeared completely. This did not happen at the same
rate in all the microcosms. The same phenomenon was observed in M4. After 45 days, cis
and trans-DCE had decreased in M4ALF and M4HB. Two weeks later their éoncentration
was low in all but one (M4HC). The glucose was gone in all of them, but not the citrate.
Acetate and formate was high in all, and propionate _d_isappeared. The Eh was negative in
all of them, There was no correlation between the concentration of the fatty acids and the
disappearance of cis and trans-DCE. 1t is therefore possible that bioremediation will occur
in the aquifer after the vitamin B12 trea'tm"ent_, The column experiments will provide a

better indication of this possibility.

IV. Conclusions

This series of experiments showed that the vitamin-B 12/titanium citrate reaction
was effective in treating all the compounds present in the Graces Quarter site. The rate of

degradation of the chlorinated ethanes and of tetrachloroethene was very rapid. The final

products were cis and trans-DCE which remained above their maximum acceptable

concentration after 28 days. There was no differénce in reaction rates between high and
low site water. The addition of titanium citrate alone, without vitamin B12, did degrade
some of the cdntam_inants, but at a much reduced rate. The y?irradiated control showed
that most of the dechlorination observed was abiotic. The degradation of glucose under
these anaerobic conditions produced large amounts of CO;, which contributed to the

removal of some of the chlorinated products.
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Microcosm 1a

Vitamin B12, titanium citrate, glucose

Microcosm 2

Titanium citrate, glucose

Microcosm 3

Titanium citrate, yeast extract

Microcosm 4

Irradiated, vitamin B12, titanium citrate,
glucose

Microcosm 5

Glucose

Microcosm 6

Vitamin B12, titanium citrate, glucose,
yeast atday 3 :

Microcosm 7
Alternate chelator and titanium, vitamin
B12

Microcosm 8

Vitamin B12, titanium citrate, yeast extract



Tetrachloroethane (TeCA) Microcosm 1a _

Result concentration in pg/lL

SITE WATER 2114 695
Time MiaHR MIHA Mi1HB MIHC MialR MiLD MILE MILF MialR
601 nd.
nd. n.d.
nd. v nd.
nd. n.d. 656 n.d. nd. nd.
nd. n.d, nd. nd. n.d.
n.d. nd. n.d. nd.
nd. nd. n.d. n.d.
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Carbon tetrachloride Microcosm 1a
Result concentration in ug/L.
SITE WATER 204 364
Time MiaHR M1HA M1HB M1HC MitalR MiLD M1LE
0 825 41 319 nd.
0.04 nd. nd.
0.08 nd. )
1 1029 nd. nd. nd. 435 nd. nd.
3 1055 nd. nd. n.d. 421 ‘nd. nd.
7 1035 nd. nd. nd. n.d. n.d.
9 344
15 1004 nd. nd. nd. 378 nd. nd.
30 1017 nd. n.d. n.d. 398 nd. n.d.
Mia | CARBON TETRACHLORIDE MDL = 0.001
1200 S
—# M1HA
: —— e “~M1HB ._1 -
3 1000 4 - —B—M1HC
s _ ~¥~MILD
=z 800 ~36~M1LE
2 engonss MALE
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E; “~—MialR é
8 4004 : v ——MDL .
3 " ureasens PQL
© 2004 4 DUP
: ¢ DUP
0 Bt - — | 8
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TIME (days)
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TETRACHLORORETHENE (PERC)

Resuit concénmﬁon inpg/L

SITE WATER

Time

35

Microcosm 1a

MiaHR ©~ MiaHA M1aHB MiaHC MialR M1

6

aHD

MiaHE MiaHF M1alR

4 5
. 4
n.d. nd. n.d. 6 nd. .d.
nd. nd. nd. 5 nd. nd.
nd. nd. nd. nd. nd.
n.d. nd. n.d. nd. nd.
n.d. nd. nd. nd. nd.
Mia T ETRACH! ARORETHENE MERey  [MDL =005
CHLORORETHENE (PERC) =0.0e
70 quessesessisescnsnsures serensrorsssiinssTasasens ysasees smosner PQL = 0.09
60 4
g “@—MiaHA
50 4 ~—M1aHB
s ~&-—M1gHC
S 40- ~—¥=M1alD
E - M1aLE
E weeg MiaLF
30 —8-M1aHA
5 ~g-~MiaHRd
Q Qe M1aLR
= 20 ——MDL
8 e PQL
10 # DUP
0 e Srnoc Epeonn ot ]
0 5 10 15 20 25 30
TIME (days)

n.d.
n.d.

nd.
n.d.




1,1,2- Trichloroethane Microcosm 1a

Result concentration in ug/L.

~ SITE WATER
Time - M1aHR M1HA M1HB MIHC MtalR M1LD MILE MiLF MitalRd
0 nd. 71 nd. nd.
0.04 n.d. n.d.
0.08 nd. n.d.
1 nd. nd. nd. nd. n.d. nd. “nd. nd.
- 8 nd. nd. nd. nd. n.d. nd. n.d. nd.
7 nd. nd. n.d. nd. nd. nd. nd.
9 nd.
15 nd. n.d. nd. nd. n.d. nd. nd. nd.
30 6] nd. nd. nd. gj nd. nd. nd. 9j
Nrre _ MDL=6.0"
1,1,2-TRICHLOROETHANE PQL =18
75 T —
&
65 -
~F-MIHA
—~ 55 - “=igei M1HB
- gy MTHC
é —3— MILD
=z 45+ ~3—MILE
2 e M1LF
< 354 —8—MiaHR
g ' =6--MlalR
~——=MDL
S 25--1 e PQL
3 ¢ DUP_ ..
LAY 3 = §
2
5F 1 ‘_____________..._-—-:—-f
?—H } } 53 ¥ +
58 5 4G 45 ~26 £5
" TIME (days)




Y- ‘ -
i

M1alF MtiaHRd MitalRAd

TRICHLORORETHENE (TCE) " Microcosm 1a
Result concentration in ygn.
SITE WATER 197 88
Time MtaHR MiadHA M1aHB M1aHC Mf1alR MtalD MialE
0 432 269 29 85
0.04 319 83
0.08 ' 80
1 17 6 4 3
3 nd. nd. = 114 nd, nd. n.d.
7 ) nd. nd. 119 nd. nd. nd.
o 110 )
16 437 n.d. n.d. nd. 99 nd. n.d. nd.
30 434 n.d. nd. nd. 1 nd. nd. nd.
Mia TRICHLORORETHENE (TCE) MDL =0.08

700 +
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~§ 500 —B-WiarA
z ~e—M1aHE
§ 400 ~~ 1ol T8
] ~¥—M1alD
_ " |~ MalE
§'3°° —+—MIaLF
R —~=M1aHR
2 200 - M1stR
Q . «&--Mial.Rd
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; s MDL
° ‘ o a* N F 3
2 25 )
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CHLOROFORM Microcosm 1a
Result concentration in g/l
SITE WATER 71 20
MiaHE MtaHC Mi1alR MtakD M1alE  MialF MiaHRd
18 n.d.
0.1 v nd.
nd. nd.
n.d. nd 16 n.d. nd. n.d.
nd. n.d. 12 n.d. n.d. nd.
n.d. n.d. nd. n.d. n.d. 51
20
n.d. n.d. 16 nd. n.d. nd.
nd. nd. 19 nd nd. _nd.
o MDL= 0.09
Mia CHLOROFORM PaL 027
-.-v;n-.-M1aHA' —
g M1aHB
—p=M1aHC
- ~6-—~M1aLE
% o M1aLF
3 igM1alD
- ~3-MiaHA
2 ~g=-MialR
g : @ M1aHRd
£ & DUP
i soT ——MDL
= . 1 . e P
8 0% e » . =
ol , 9
0 S fisisifrinmanS) PR Sa— - ; 5
0 5 10 15 20 25 30
TIME (days)




DICHLOROMETHANE Microcosm 1a MAG = 5 pg/L
Result concentration.in ug/. ) 4
SITE WATER -<PQL <PaL
Time MiaHR MfaHA MiaHB M{1aHC MfalR MialD MialE MtalF
0 n.d. 58 nd. az A
0.04 7 25
0.08 8 20
1 nd. n.d. n.d. nd. nd. nd. nd. nd.
3 nd. nd. nd. n.d. nd. nd. n.d. nd.
7 nd. nd. n.d. n.d. nd. nd. nd.
9 . nd.
15 nd. nd. nd. nd. nd. nd. n.d. nd.
30 nd. nd. nd. nd. nd. n.d. nd. nd.
r—’-‘—"“—“;%_.“ e ettt ""..kf__v:..i” — — e
Mita DICHLOROMETHANE MDL=1.3
PQL=3.9
70 D
_ 60 g
3
2% —~M1aLE
Bl et M18LF
_ E ~#¥—M1aLD
§3o ‘t —&~MiaHR
S ¥ ~&—M1aLA
g ——=MDL

TIME (days)




cls-DICHLOROETHENE Microcosm 1a MAC =70 yg/L

Result concentration in pg/.

SITE WATER <PQL <PQL
Time MiaHR MiaHA MiaHB M1aHC MifalR Mi1alD MtalE MialF MtaHRd MialRd
0 n.d. 257 n.d. 224
0.04 392 215
0.08 434 223
1 nd. 535 580 671 . nd. 260 - 251 251
3 nd. 485 429 440 n.d. 211 106 179
7 nd. 427 481 428 199 - 205 196 nd.
g n.d.
15 nd. 284 325 376 nd. 101 161 135

30 n.d. 331 317 365 nd. 149 134 *exploded" nd.

Mia ¢ls-DCE MDL =6.4
, - PQL =19
700 revvever - - MiaHA o
. =y MiaHB
_sor ~8—M1aHC
2 500 4 —3¢—M1aLE
g i smpors-M1aLF
g 400 } | =%—M1aD
~&—M1aHR a
E 300 4 | —9—M1alR
o F «-p--M1aLRd
§ 200 § e——=MDL
—pQl [
100
0 B S T— —— e s ‘W
0 5 10 16 20 25 . .30

TIME (days)




Trans-DICHLOROETHENE Microcosm 1a MAC = 100 pg/L

Result concéntration i pg/L

SITE WATER <PaL <PQL
Time MiaHR M1HA M1HB  MIHC MifalR MILD  MiILE MILF M1aHRd
0 nd. 100 S nd. 125
0.04 210 131
0.08 . 232 133
1 <PQL 240 246 238 h.d. 116 123 . 100
3 nd. 200 222 221 nd. 127 93 96
7 nd. 167 179 17 84 93 80 nd.
9 n.d.
15 nd. 97 92 73 nd. - 27 ] 37
30 nd. 75 67 92 nd. 27 29

M1a ~ trans-DCE . IMDL=5.8

CONCENTRATION (ugl)

0o - 5 10 15 20 25 30
TIME (days)




VINYL CHLORIDE (VC) Microcosm 1a

Result concentration in ug)L

SITE WATER <PQL
Time " MtaHR MtaHA M1aHB MiaHC
nd. 9
' 33
' 40
nd. 45 48 46
n.d. 24 26 26

n.d. 12.1 13.3 2

PQL =11 pg/L.
<PQL
M1alR MialD MitalE MialF MiaHRd
nd. 13
29
31
nd. 27 - 28 25
nd. 16 16 18
9.5 10.7j 9.5§ nd.
nd.

CONCENTRATION (pg/L)

TIME (days)
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CHLOROMETHANE

Result concentration in pg/L

Microcosm 1a

SITE WATER <PQL <PQL
Tifme M1aHR MiaHA Mi1aHB - M1aHC MialR MialD MialE  MialF
0 nd. 29 nd. 6j
0.04 29 8j
0.08 24 6j
1 nd. nd. nd. nd. nd. nd. nd. nd.
3 nd. nd. nd. nd. nd. n.d. n.d. nd.
7 nd. nd. nd. nd. nd. n.d. nd.
9 nd.

15 " nd. nd. n.d. nd. n.d. nd. n.d. n.d.
30 - nd. nd. nd. nd. n.d. nd. nd. nd.
Mia Chloromethane MDL=6.3

PQL= 19
: % B .
%0 cesnfiean- M12HB
- = M1aHC
é 25 —3¢—M1alE
=4 } e M18LF
g2 =36—M1alD
E —Q~M1&HRd
z s —E~MiaHR |
g . —a—M1alR |
g ~———MDL
X A PaL
0 i3 ¢ % : : -]
10 15 20 25 30
TIME (days)




METHANE

SITE WATER

Time

0

0.04

0.08

1

3

7

16

28

Microcosm 1a

<PQL <PQL
RESULTS in ppmv

MiaHR MtaHA M1aHB M1aHC M1alR MitalD MtfalE MialF MialRd

nd. 8 2 13
18 36
35 : 56
nd. - 166 226 249 nd. 105 _113 120
nd. 303 369 - 388
nd. nd.
n.d.

2 n.d. nd. nd.

Methane (nmoles) I;AQDLL::

4] 5 10 15 20 25 30

u N E Ty I e e




ETHANE ' Microcosm 1a
SITE WATER <PQL : <PQL
Results in ppmv
Time M1aHR MtiaHA MiaHB MiaHC M1alR Mi1alD MitalE  Mi1alF M1alRd
0 n.d. 6 ' n.d. 11
0.04 6 ’ 13
0.08 8 15
1 n.d. 18 18 19 n.d. 17 18 . 18
3 n.d. 27 33 34 n.d. 24 25 26
7 n.d. 23 31 19 n.d. 15 26 21 n.d.
15 n.d. nd. n.d n.d n.d. n.d. 15 n.d.
30 n.d. n.d. n.d. n.d. n.d. n.d. n.d. *exploded®

Ethane nmoles

nmoles

(i 5 10 15 20 25 30
Time {(days)




ey

ETHENE Microcosm 1a
SITE WATER <PQL <PQL
Results in ppmv
Time MtaHR MiaHA Mi1aHB MiaHC M1alR MitalD Mi1alE MialF MialRd
: 0 nd. 5 n.d. 8
0.04 ' 4 11
0.08 8 14
1 n.d. 16 22 24 n.d. 19 20 20
3 70 36 41
7 nd.
18 nd. 5§ 28 5j
30 nd. nd. n.d. n.d. n.d. n.d. 64 *exploded*
nd. nd. n.d.

Ethene (nmoles)

ana

0 5 10 . 15 20 25
Time (days)

R N N e




ACETYLENE Microcosm 1a
SITE WATER <PQL ' : <PQL
' Results In ppmv .
Time M1aHR MiHA MIHB M1HC MtalR M1LD MILE MILF MialRd
0 n.d. nd. ' nd. nd.
T 0.04 nd. n.d.
0.08 nd. nd.
1 nd. 3 4 4 n.d. n.d. nd. nd.
3 n.d. nd. nd. . nd n.d. nd. n.d. ‘n.d.
7 n.d. n.d. n.d. nd. n.d. n.d. nd. nd. nd.
15 nd. nd. nd. nd. nd. nd. n.d. n.d.
30 n.d. A.d. nd. nd. nd. n.d. nd. ‘“exploded*

C-4NBLEADN®RD

Acetylene nmole

4
10 15
Time (days)

25
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Lactate
day
0
1
3
7
15
30
Formate
day
0
1
9
7
15
30
Acetate
day
0
1
3
7
15
30
Propionate
day
0
1
3
7
18
: 30

conc. {mgh.}

MialtD M1alE M1alF  MiaHA MiaHB  MiaHC
nd. nd. nd. nd. nd. nd.
nd. nd. nd. nd. nd nd.
nd, nd. n.d. nd. nd. nd.
nd. nd. nd. nd nd nd.
597 287 555 597 588 831

1501 864 1475 13686 1153 1588
cone. (mgh.)

MialtD MialE MialF Mi1aHA MiaHB MtaHC

36 40 39 41 ar a7
123 100 2 65 68 7
190 182 208 171 182 212
427 481 488 420 875 472

649 1086 675 ™ 700 718
758 1319 618 702 681 782

cori. (imgl)
MialD  MfalE  MislF  MtaHA MiaHB MiaHC
7 83 nd. 62 nd. 85 88
e 60 53 50 nd. 50 48

- 128 114 134 118 118 101

355 2908 378 - 309 158 375
1056 637 061 1095 1108 1062
1365 759 1541 1100 1185 13

cone. (mglL)

MialD MtalE MialF MiaHA MiaHB MiaHC
nd. nd. nd. nd. nd. nd.
nd. nd nd. nd. nd. nd.
nd. nd. nd. nd. nd. nd.
nd. nd. nd. nd. nd. nd.

nd. nd. nd. nd. nd. nd.

nd. nd. nd. nd. nd. nd.

M1a VFAs Q52C
1400
Emo :
= 1000
£ w
600
400
200
0 : ]
° 10 20 20 40
' TIME {deys)
M1a VFAs Q14

—@—iactate
«~-+formate
oo - acolate

TIME (deys)




Titanium
day
0
30
Chloride
day
0
30
Citrate M1ia
day
0
1
3
7
15
30
Glucose M1a
day '
' 0
1
3
7
9
1
14
16
22
25
28
30

MialD MialE

14.9 15.6
20.9 215
MialD MialLE
74.6 76.1
31 85
Mi1alD MitaLE
6846 6682
8219 7895
7582 8120
7007 093
6866 6928
9743 9375
M1alD MitalLE
18.3 185
18.9 19.0
18.6 18.0
14.6 15.0
10.2 10.2
6.2 7.7
1.7 51
16.5 21
144 171
134 14.8
10.5 113
12 125

MialF "Mi1aHA Mi1aHB M1aHC

Mi

162
21.3

7.1
76

7925
7785
8358
7300
7097
8382

aHB
21.0
19.7
18.8

13.7.

103
5.8
1.7

17.6

13.0
11.4
8.6

conc. (mM)
15.3 14.8
- 214
conc. (mg/L)
MiaLF MiaHA MtaHB
75.6 82.6
- 118
conc. (mg/L)
MialLF M1aHA M1aHB
4400 7774
7399 7955
8155 8068
7817 7359
6800 7597
8618 9221
conc. (mM)
MialLF M1aHA
21.0 20.6
19.9 18.2
19.7 17.5
145 12.6
10.2 83
5.2 42
1.9 0.8
17.56 192
13.6 14.6
13.4 14.0
43 112
-0 10.7

9.7

15.0
19.9

M1aHC
85.3
78

M1aHC
7670
8239
8023
7200
6932
9349

M1aHC
211
194
18.5
12.8

6.2
25
0.0
18.9
13.7
125
10.6
103

MiaklR MiaHR
54.3 57.3
5 33

MialR MiaHR
0.0 0.0

N.B. Microcosm M1aLF exploded over weekend, some of culture superiatant saved and transferred.
to a 60-mL serum vial (no soll present).



Tetrachloroethane (TeCA) Microcosm2 - (titanium citrate + glucose)
Result concentration in pg/L.

SITE WATER 2114 695
' o : : . Dup P
Time M2HR  M2HA  M2HB M2LR M2LD M2LE  M2LF M2Hcd
' 1129 914 914

16 nd.

_ v MDL =57
TETRACHLOROETHANE PQL =17

~§i~~M2HA
~—&—M2HB
=8—M2HC
== M2LD
~3—M2LE
——M2LF
—&—M2HR
—3—M2LR
% M2Hcd

——MDL

oo PQL

20 25 30

[4] 5 10

TIME (Hays)




Carbon tetrachloride Microcosm 2
Result concentration in ug/L.
SITE WATER 804 364
Time M2HR M2HA M2HB M2HC M2LR M2LD M2LE M2LF
(0] 118 117 344 Kl 87 74
1 6 n.d. 408 nd. 7 1
5 .d. n.d. nd. - 321 n.d. n.d. n.d.
19 908 nd. nd. nd. 376 nd. n.d. nd.
29 1072 nd. n.d. nd. 402 - nd. nd. nd.
30
M2 ] CARBON TETRACHLORIDE PQL = 0003
1200
. 1000 —&@=MzHA
é Ay M2HB
S 800 ~8—M2HC
g —e—MzLD
< 800 ——M2LE
g —+—M2LF
§ 400 —8-MzHR
o =G M2LR
© 200 e M2HC
——MDL
0 PQL

TIME (days)




TETRACHLORORETHENE (PERC) . Microcosim 2
Restiit concentration in g/l '
'SITE WATER 85 ' 6

' TETRACHLORORETHENE (PERC)

MDL = 0.001

PQL = 0.003

Y

—o—N2HA
=4=M2HB
—8—M2HC
e M2LD
=M= Mi2LE
——M2LF
—0—M2HCd
g M2HR
~8—M2LR
% MeHCd
——MDL
—— QL




1,1,2- Trichloroethane Microcosm 2
Result concentration in pa/L
SITE WATER
Time M2HR M2HA M2HB  M2HC M2LR M2LD M2LE M2LF DUP
0 nd. nd. 24 nd. n.d. nd. nd. n.d.
1 nd. 26 28 21 n.d. 38 a3 41 35
7 n.d. “nd. nd. nd. nd. 36 nd. nd.
19 nd. 62 45 65 n.d. 38 = 33 32
29 n.d. 51 59 53 nd. - 22 20 19 45
30 ) e _
L MDL=6.0
@j 1,1,2-TRICHLOROETHANE PQL =18
70 e —
60 4 -4~ M2HA
- —— M2HB
§ 50 + —8—M2HC
= ——M2LD
g4yt 3 M2LE
< —tp—M2LF
% 30+ § —&—-M2HR
e 4 e M2LR
8 20- ——MDL
] ~amnos PQL
10 +f ¢ DUP

15 20 . 25 30

TIME (days)

- ‘ _’
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TRICHLORORETHENE (TCE) Microcosm 2
Resuit concentration in ug/L
SITE WATER 197 86
Time' © M2HR M2HA M2HB M2HC M2LR M2LD M2LE M2LF M2HCd
0 363 254 266 268 111 92 83 100 B
1 432 344 281 391 123 117 137 109 387
5 416 346 356 431 97 185 135 113
19 3s9 270 283 317 95 101 101 89
29 449 205 248 2N 115 115 97 a5 283
30
TE E(TOE) MDL = 0.08
E TRICHLORORETHENE (TCE) POL =024

—&—M2HA : ‘
~a—M2H8 | _ =

—€—M2HC [~

—$6=M2LD
—4~—M2LE
——M2LF
~B—=M2HR
—g—M2LR

€ M2HCd
MDL

e PQL

10

15
TIME (days)

25




CHLOROFORM Microcosm 2

Result concentration in pg/L

SITE WATER 71
Time ' M M2HC  M2LR
0 ‘ ' 351
1
7
19
29
30

[MDL=0.09

[Mi—_| : CHLOROFORM
PQL =0.27
A5} qromomrnrnneeonsseonmnnnnnasasnttos oo — RSN AN NN PO e s ——— -
—B—M2HA
400 e M2HE
I as0 B —o—M2HC
B —3—M2LE
z %0 =+=MaLF
3 ~=-M2LD
E 260 ~E~M2HR
& 200 —e—M2LR
E & M2HCd
150 4/ % snseem MOL
;z’ Pl
g 100
50 F
0

80

e e e = = ———————




DICHLOROMETHANE Microcosm 2 MAC =5 pg/L
Result concentration in ug/L.
SITE WATER <PQL <PQL
Time M2HR M2HA M2HB M2HC M2LR M2LD M2LE M2LF DUP
: 0 nd. 11 13 17 nd. 6 5 8 ’
1 1 35 43 46 nd. 21 22 22
7 nd. 112 158 147 nd. 76 70 49
19 nd. 186 204 240 n.d. 97 91 98
29 n.d. 165 229 240 nd. 76 59 83 239
30
DICHLOROMETHANE MDL=1.3
— PQL=3.9
800
<@~ M2HA
- ey M2HB
é —8—M2HC
z ——M2LE
2 ——M2LF
E —S—M2LD
—&—M2HR
§ ——M2LR
e PQIL
& DUP

TIME (days)




" ¢is-DICHLOROETHENE

Result concentration in ug/L

SITE WATER

Time

30

<PQL

M2HR

nd.

M2HA
nd.

cis-DCE (2)
Microcosm 2 MAC =70 pg/L
<PQL
M2HB  M2HC

CONCENTRATION (ug/L)

400

350 +

g

250 |

10 1§ 20
TIME (days)

—g—M2HA
—f—M2HB
—o—M2HC
~3¢—M2LE
Fp=M2LF
—¥=—M2LD
~£—M2HR
~—&~~M2LR
% M2HCd
=———MDL
e PQL

- e N B N S e



Trans-DICHLOROETHENE
Result concentration in pg/.

SITE WATER <PQL

Time M2HR  M2HA

Microcosm 2

M2HB
n.d.

MAC = 100 pg/L
<PQL
M2LD M2LE

nd

M2LF  M2HCd

trans-DCE

MDL=5.8
PQL=18

CONCENTRATION:(ugiL)

~fii—M2HA
——tr—M2HB
—a—MzHC
~——M2LE
—p—M2LF
~Ne—-M2LD
- |~0—M2HR
—&~—Mz2LR
$ M2HCd
wmnnemee MOL
WF’QL

TIME (dsiys)




VINYL CHLORIDE (VC) Microcosm 2

Résult concentration in pg/L

SITE WATER <PaL <PQL

Time M2HR M2HA  M2HB ~M2HC M2LR M2LD M2LE M2LF DUP
0 nd. nd. nd. nd. nd. nd. nd. nd.
1 d d. d :

29

CONCENTRATION (/1)

0 5 1 15 20 25 30
TIME (days) ’

N '



CHLOROMETHANE Mlcrocosm 2
Result concentration in pg/L
SITE WATER <PaL , <PaL
Tirhe M2HR  M2HA M2HB M2HC M2LR  M2lD M2LE  M2LF M2HCd
0 n.d. nd. nd. n.d. nd. .d. n.d. nd.
1 n.d
19 nd 17 17 27 nd. 18 11 10 .
29 n.d. 15 nd. 29 n.d. 12 5 1 23
30 _
Chioromethane MDL=6.3
PQL=19
—g=MzHA
| —ar—M2HB
i M2HC
—3=-M2LE
—t—M2LF
e M2LD
—E—M2HR
g M2LR
e MDL
annnnn PQL
% M2HCd

o 5 10 15 20 25 30
T daye)




METHANE
SITE WATER <PaL
Time M2HR M2HA
0 nd. n.d.
1 n.d. 8
7 n.d. 12
18 nd. n.d:
28 nd. nd.
30

Microcosm 2
nmoles
M2HB M2HC M2LR
nd. n.d. nd.
6 8 nd.
9 11 n.d.
nd. nd. nd.
nd. nd. nd.

{nmoles)

Time (days).




ETHANE Microcosm 2
SITE WATER <PQL _ -<PQL
nmoles
Time M2HR M2HA  M2HB  M2HC M2LR M2LD M2LE M2LF
: 0 nd. n.d. nd. n.d. nd. nd. nd. nd.
1 n.d. n.d. nd. nd. n.d. nd. nd. n.d.
7 nd. nd. nd. nd. nd. nd. nd. nd.
19 nd. nd. nd. nd. nd. nd. n.d. hd.
29 nd. nd. nd. . nd nd. nd. nd. nd.
30
‘ : MDL=3.1
s QlL=9.3
10.00 5
9.00
8.00 ~£3—M2HR
7.00 ~f~-M2HA
6.00 e M2HB
g 5.00 —e—MeHe
_E ) —6—M2LR
4.00 —%—M2LD
2.00 ~¥—M2LE
2.00 ——M2LF
1.00 ———MDL
0.00 PaL
¢ 5 10 Timo\(ays) 20 25 30

M2Hed

nd.



: ETHENE Microcosm 2
SITE WATER <PQL ' <PQL
. nmoles -

Time - M2HR™ M2HA M2HB  M2HC M2LR M2LD M2LE M2LF  M2HCd
0 nd. nd. nd. nd. nd. nd. nd. nd.
1 nd. - nd n.d. nd. nd. nd. nd. nd. n.d.
7 nd. 3 4 k] nd. nd, n.d. nd.
19 nd. nd. nd. - nd. nd. 3 nd. nd.
29 nd. nd. nd. nd. fh.d. nd. nd. nd.
30 :

Ethene (nmoles)

—E&—M2HR
~E-M2HA
e M2HB
—8—M2HC
== MELD
—3=~M2LE
——MaLF
——MDL :
~f—‘-=-PQL

nmoles

i
I N Sy En R N b S

Time (days)




. 0
-’ - -

ACETYLENE
SITE WATER
Time M2HR
0 nd.
1 nd.
7 nd.
19 nd.
29 nd.
30

<PQL

M2HA
n.d.
nd.
hd.
n.d.
nd.

Microcosm 2
nmoles
M2HB M2HC
n.d, nd.
nd. nd.
nd. nd.
nd. nd.
nd. . nd

M2LR
n.d.
nd.
n.d.
nd.
nd.

<PQL

M2LD
nd.
nd.
nd.
n.d.
nd.

M2LF M2HCd
nd.
n.d. nd.
nd.
nd.
nd.

Acetylene (nmoles)




Citrate 2

coric. (mg/L)
day M2LD M2LE  M2LF  M2HA  MZHB  M2HC
0 6799 6919 6905 7082 6851 6802
1 7334 7092 7182 . 7522 7098 7531
5 7019 7126 6931 7710 7683 7389
19 9301 0821 8076 8879 9789 8934
29

9565 9575 8874 9376 8992 8730

Note: Mic,rocosm's were amended with Ti(lll)citrate-reduced invertose on day 16, hence the increase
in glucose and citrate concentrations. ‘

Glucose 2 , cone. (mM)
day M2LD  M2LE M2LF  M2HA  M2HB  M2HC
0 18.5 18.9 17.3 21.3 18.5 19.0
1 18.1 19.1 17.8 18.0 17.1 19.6
5 17.6 16.2 17.0 17.7 16.4 17.5
8

14.0 11.7 12.0 -11.0 7.6 11.4
13 7.8 4.2 5.8 74 5.1 6.8
16 4.6 1.3 22 4.7 1.6 28
16 24.9 16.7 21.3 20.0 19.0 18.7
19 22.7 21.6 18.7 20.1 17.6 18.1
26 18.9 1.5 12.8 14.1 13.2 14.2

29 15.2 11.2 11.1 14.0 11.8 12.0

; ‘
N N 2N B ay e o N EE Ay O BN B N R E A A Em |
i - : .
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Volatile Fatty Acids-M2
Lactate M2 VFAs Gs2c Titanium conc. (mM)
cone. (mp/L) day M2LD  M2LE  M2LF  MZ2HA  M2HB  M2HC
day M2LD M2LE M2LF M2HA M2HB ~ M2HC 0 269 274 268 254 291 289
o . nd ad. nd nd. nd nd 30 332 33.6' 325 338 329 ‘348
1 nd. nd. nd: nd. nd nd. i
5 nd. nd. n.d: nd. nd. nd. d ;Chloﬂdo ‘conc: (mgi)
19 n.d. nd. n.d: nd nd nd. - day M2AD  M2LE M2LF  M2HA  M2HB  M2HC  M2LR°  M2HR
29 320 8r2 289 164 289 206 \ [} 742 75.5. 751 817 859 842 2211 536
Formate :
cone. (mglt) Note: Microcosms were amended with Ti{lll)citrate-reduced invertose on day 16, hance the increase-
day ‘M2LD  M2E M2LF°  M2HA M2HB  M2HC ingh and. citrat nirations.
] nd. nd. nd, a.d: nd. nd. ;
1 w7 ond 44 3 U2 VFAs 014
5 288 126 123 86
19 1229 1452 1097 1091
29 1745 1895 1632 1659
Acetate
day M2LD  M2LE M2LF  M2HA
1] n.d. nd. nd. nd.
1 n.d. nd. nd. nd.
H n.d: nd. nd. nd.
19 584 780 616 659 ni7 617
29 894 1004 841 881 878 852
Proplonate
conc. (mg/l)
day  M2LD  M2LE M2LF  M2HA M2HB  M2HC
] nd. nd: nd n.d. nd. nd:
1 n.d. ad. n.d. nd. nd. nd.
5 nd. n.d. nd. nd. nd. nd.
19 nd. nid. nd nd. nid. nd:
29 n.d. nid. n.d. n.d. n.d. nd.

Notes: Problems with M2L.D5 VFA analysis required a re-analysis of this .
sample on day 7. Results shownfor day 5 are day 7 resuits. _

Qs2C  lactate  formate  acetate
day lactate formate acetate

[ [ 0 0
1 (] 46 0
s 0 179 0
19 0 1260 630
29 494 1767 213
Q4
day. lactate formate acelale
0 [ 0 0
1 0 40 1]
3 0 120 0
19 [} 1239 631
29 256 1640 :869
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Tetrachloroethane (TeCA) Microcosm 3 (titanium citrate + yeast extract)

Result concentration in pg/L

SITE WATER 2114 695
: : P

Time M3HR M3HA M3HB M3HC M3LR M3LD M3LE M3LF DUP

' 1311 978 912 978 711 - 578 582 645

1759 773 953 1008 810 573 495 486

1692 426 2713 - 29 914 62 201 183
1604 nd. nd. nd. 735 nd. nd. 7 543

nd. n.d. . n.d. nd. nd.

.nd. _ nd.

MDL=56.7
PQL=17

== M3HA
i~ M3HB
~$—M3HC
===Ma3LD
3o MSLE
—4—MB3LF
—3—M3HR
—6—M3LR
~erevnnee PQL
4 DUP

35 40




(titanlum citrate + yeast extract)

Carbon tetrachloride Mlcrocosm 3
Result concentration in pg/L
SITE WATER 804 364
Time M3HR M3HA M3HB M3HC M3LR M3LD M3LE M3LF M3LRd
0 ‘ 481 195 172 195
1 522 nd. nd. nd.
4 807 n.d. nd. nd.
16 524 n.d. nd. 3j
28 529 n.d. nd. nd.
a8 nd.
40
MDL=0.001
IW‘: CARBON TETRACHLORIDE PQL=0003
1400 m—
1200 4 z
- g M3HA
é voo0 = d —8 e MSHB
z e M3HC
2 so0dt —3%—M3LD
L.
= ~—~M3LE
E ,,,,, o © ——M3LF
e . —~5—M3HA
3 ~8-=M3LA
«edre- MBLRd
4 I i [T MO
10 1§ 20 25 s 8 40 lT—=PR

TIME (days)

491




Tetrachloroethene (PERC) Microcosm 3 - (titanlum citrate + yeast extract)
Result concentration in pgll

SITE WATER 35 6

Time M3HR  M3HA M3HB  MS3HC M3LR M3LD M3LE M3LF DUP

'B: 0.976 ; D:0.939
C: 0.901; D:0.879
5

58
g8
88
8 &

o
-

.o

e

888Ba

- TETRACHLORORETHENE (PERC) - [MDL=0.001
, s PQL = 0.003

——M3HA
e M3HB
=P M3IHC
—¥—M3LD
~¥—MB3LE
v M3LF
—&~M3HR
—&—M3LR
4 DUP
——— M,DL

TIME (days)




1,1,2- Trichloroethane Microcosm 3 (titanium citrate + yeast extract)
Resuit concentration in pg/L
SITE WATER
Time M3HR  M3HA M3HB M3HC M3LR  MaLD M3LE  M3LF M3HCd
0 n.d. n.d. nd. n.d: n.d. n.d. nd. n.d.
1 nd. nd. nd. nd. nd. nd. nd. nd.
4 nd. 54 85 79 X
16 nd. 24 16 17 nd. 25 29 32
28 nd 55 23 27 nd. 36 44 45
38 36 : 39
40

g T s
PQL=18

<E=~M3HA
~—4—~M3HB
i M3HC
~P—=M3LD
—¥~M3LE
~——M3LF
& M3HCd
—HB—M3HR
—8—M3LR
o MDL
i PQL

CONCENTRATION (ug.)

o + -+ + + ¢ +
0 5 10 15 20 25 30 35 40
TIME (days)




TR[CHLOHORETHENE (TCE) Microcosm 3 ~ (titanium citrate + yeast extract)
Result éoncentration in ug/L.
SITE WATER _ 197 _ 88 .
Time M3HR  M3HA M3HB  M3HC M3LR M3LD  M3LE v M3LF M3LRd
) 479 . 255 257 an 142 90 a8 96
1 469 243 257 251 138 74 85 82
4 450 250 271 248 154 66 82 84
16 449 244 252 246 - 14 97 90 97 139
28 428 261 268 244 150 @0 101 99
38 : 214 80
40 .
[E] _ TRICHLORORETHENE (TCE) . MDL =0.08
' PQL=0.24
600
v . —§—M3HA
' 500 + , —~#—M3HB
'g e = v v - M3HC
24001 : ' | =M3LD
g : ~¥—M3LE
] ~—+—MaLF
E —8—M3HA
~8-:M3LR
§ 4 M3LRd
———MDL -
ik PQL
0 Asiiciiosans ¢ e } $ } foaainsasa i arasssss '
0 5 10 15 20 25 30 35 40
‘ S TIME (days) '



TRICHLORORETH_E_NE (TCE) Microcosm3

Result concentration in pig/L v

(titanium cltrate + yeast extract)

SITE WATER 197 86
Time M3HR = M3HA  M3HB M3HC M3LR M3LD M3LE  MB3LF M3LRd
0 479 255 257 21 142 80 88 96
1 469 243 257 251 138 74 85 82
4 450 '250 27 248 154 66 82 84
16 449 244 252 246 144 97 90 97 139
28 ‘428 . 261 268 244 150 - 90 101 99
38 214 . - 80
40
@ TRICHLORORETHENE (TCE) MDL=0.08
: PQL =0.24
600
[—Em—MsHA
_ 500 BE\E : | ~~she-~ M3HB
2 B — ~8—M3HC
> 400 + ~J~M3LD
g : —*—MQLE
g 300 + e M3LF
E —E—M3HR
g 200 ] ~5—M3LA
8 —8 ¢ MaLRd
cmemee MDL
ﬂ'*_f X e PQL
0 4 4 3 fons = sadpasan
[} 8 10 15 20 25 30 35 40
TIME (days)




CHLOROFORM Microcosm 3 . (titahium citrate + yeast eéxtract)
Raesult ccincentraﬁon\ inug/L
SITE WATER "o 20
Time M3HB M3HC  M3LR M3LD  M3LE  MS3LFDUP
282 308 21 59 68 82
381 355
28 . 2
nd. nd.
nd. nd.
lE CHLOROFORM MDL= 0.09
PQL=027 |
450 S
400 g M3HA
g 350 ~fy~M3HB
—®—M3HC
z %003 SH=MALE
2 250 ——M3LF
E 200 —%—MaLD
z —E=M3HR
Q 150 ~8—M3LA
8 100 ¢ - | ® DuP
50 £ —MDL
v} Voveseness PQL
T A ot -
0 5 10 15 20 25 30 35 40
: TIME (days) '




DICHLOROMETHANE Mlcrocosm 3 (titanium citrate + yeast extract)
Résult concentration in ug/L

SITEWATER ~ <PQL . <PaL

Time M3HR MBHA M3HB M3HC M3LR M3LD  M3LE

0 nd. 23 30 . hd:
1 nd. - 25 40 nd.
4 . nd 131 149 nd.
16 ] ‘ nd.
28 nd.
a8

40

MAC =5 pg/L

M3LF M3LRd

E DICHLOROMETHANE MDL=1.3
PQL =3.9
160 ]
140 4 oo MSHA
3120 —8—M3HC
% 100 4 ~26MS3LE
- ——M3LF
80 ~3—M3LD
60 - —B—M3HR
z —~8—M3LR
O 40 -
—MDL
20 ¥ oo PQL,
0 e = B — ~ — e
] 5 10 15 20 25 30 35 40
TIME (days) :




VINYL CHLORIDE (ve) Microcosm 3 . . (titanium citrate + yeast extract)
Result concentration in pg/L

SITE WATER <PQL : <PQL

Time M3HR M3HA . M3HB M3HC M3LR M3aLD MS3LE M3LF M3HCd
(o} nd. - nd. nd. nd. . nd. nd. nd. nd.
1 nd. nd. nd. nd. nd. nd. nd. nd.
4 6 nd. nd. . nd nd. nd. nd. h.d.
16 nd. 16 27 23 -nd. 11 5 8 nd.
28 nd. . 17 32 25 nd. 1 6 9
38 n.d. : 9
40 4
- MDL=3.7 ‘
M| ve PQL = 11
35
304 —— M3HA |
ol MSHB
5T g M3HC
; —36=e M3LE
27 —4+—MaLF

] e ~¥=-M3LD
: . , " | —E—M3HR

4 _ f ~GM3LR

g j } : —MDL

5+ - S Y D . wainsiiin PQL

20 25 30 ‘35 40
TIME (days)

-
o

CONCENTRATION (ug/L)
&




CHLOROMETHANE Microcosm 3 (titanium citrate + yeast extract)
_ Result concentration in ug/L . o
SITE WATER <PQL <PQL
Time M3HR M3HA  M3HB M3HC M3LR M3LD M3LE M3LF M3HCd
0 n.d. n.d. n.d. nd. nd. nd. nd. nd.
1 nd. 22 35 30  nd 9  nd 10
4 nd. 27 31 20  nd. 25 8 7
16 nd. 16 16 15 nd. nd. nd. nd.
28 nd. 22 nd. 3%  nd - nd- nd. 21
38 160 16 .
40 .

need to cohﬁn‘n by GC/MS that it is indeed chloromethane

IE _ fChlorome'thang MDL=6.3

CONCENTRATION (ig/L)




v-‘ -' -
\
H i .

METHANE Microcosm 3 (titanium citrate + yeast extract)
SITE WATER <PaL . , <PQL
nmoles :
Time M3HR M3HA M3HB  MB3HC M3LR M3LD M3LE M3LF M3HCd
0 nd. 2 nd. nd. nd. 2 n.d. 3
1 nd. nd. nd. n.d. nd. nd. nd. ‘nd.
4 nd. 2 2 2 nd. nd. nd. nd.
16 nd. 30 27 50 nd. 41 50 43 ‘nd.
28 nd. 52 71 . 133 nd. 67 142 83
38 48 353
40
Methane (nmoles) MDL=2

15

wwesdlbee MIHC -
—#%—~MaLA
—-—~M3LD
—4—M3LE
—=—M3LF
< MDL:

——tn®




ETHANE

SITEWATER

Time

5885 s=0

Microcosm 3 (titanium citrate + yeast extract)
<PalL <PQL
nmoles ‘
M3HR M3HA  M3HB  MS3HC M3LR M3LD M3LE M3LF M3HCd
nd. nd. nd. nd. nd. 3 nd. 4
nd. . nd. ‘nd. nd. nd. n.d. nd. - nd
nd. nd. - nd nd. nd. nd. nd. nd.
nd. nd. nd.’ nd. nd. nd. nd. n.d.
nd. n.d. nd. nd. nd. nd. nd. nd.
nd. - nd.
M3 Ethane nmoles , MDL=3-:;
—0—M3HR
' ~g—~M3HA
—f&—M3HB
—&—M3HC
8 —%~-M3LR
f ~¥=MaLD
s —3—M3LE
—+—M3LF
——MDL
e PQIL

15

20 25 30 -3 40
Time (days)




ETHENE Microcosm 3 (titanium citrate + yeast extract) ‘
SITE WATER QL | - PaL
Time - M3HR M3HA M3HB M3HC M3LR MSLD MS3LE  MSLF M3HCd
0 nd. nd. nd. 3 nd. “nd. nd. 3
1 nd. nd. n.d. n.d. n.d. nd. n.d. n.d.
4 n.d. nd. nd. - nd. nd. n.d. nd. n.d.
16 nd. nd. nd. n.d. nd. n.d. n.d. nd.
28 nd. n.d. nd. . 3 nd. nd. nd. nd.
38 nd. ‘ -8 ’
40 ’ )
‘ Ethene (nmoles per microcosm)
10
9.
8
7
‘g 8
e s
£,
3
2
1
0
Time (days)




ACETYLENE Microcosm 3 (tltahlu,m citrate + yeast extract)
© SITE WATER <PQL <PQ_L
Time M3HR  M3HA M3HB M3HC - M3LR M3LD  M3LE  MSLF dup
0 nd. nd. nd. nd. nd. nd. nd. nd. -
1 nd. nd.’ nd. nd. - nd. nd. n.d. n.d.
4 n.d. nd. n.d. nd. n.d. -nd. nd. nd.
16 nd. nd. nd. nd. ‘nd. nd. nd. nd. nd. :
28 n.d. nd. nd. nd. nd. nd.. n.d. nd.
38 nd. " nd.
m N ' .
M3 |

CONCENTRATION (nmoles)

ey ® P » “ :




Citrate 3
' _ conc. (mg/L) _
day M3LD M3LE M3LF M3HA  M3HB  MS3HC

0 6722 6216 6229 6815 6920 . 7319
1. 880] - 926 929j. 902j 1018j - 937j
4 n.d. - nd. nd. nd.. nd nd.
16 - 938 nd. nd. nd.  nd nd.
28

n.d. n.d. A n.d. nd. n.d. nd.



g " vEas
Volatile Fatty Aclds-M3
- : Titanium cona. (mM)
Lactate . - . day M3LD M3LE M3LF M3HA  M3HB  M3HC
. cone. (mgh) o [ 200 288 200 814 308 28.7
day MILD  ‘M3LE M3LF M3aHA  MSHB  M3HC - -
0 ‘nd nd nd. nd. nd nd | .
1 nd. nd. nd. nd. nd. nd. | M3 VFAs Q520
-4 nd. nd. nd. nd. nd. nd
186 nd. nd. nd. nd. n.d. nd
28 nd. nd nd nd. nd nd.
.. Formate .
conc. (mglL)
day M3LD M3LE MaLF M3HA MSH8 M3HC N
0 76 132 213 84 75 55 .
1 859 883 - 1028 898 1019 857
4 982 697’ 898 97 1056 1025
18 nd. 650 nd. nd. nd 850
28 nd. nd. 330 nd. 228 nd.
Acetate M3 VFAs Q14
day MSLD M3LE MSLF
] 307 439 654
1 3536 9940 4242
4 4439. 3945 4199
16 5177 5004 | 5644
28 4978 8210 . 5261
Proplonate

day M3LD  MS3LE M3LF

o 233 239 235

1 263 184 240]

4 23 188) 228§

18 414 489 374 -
28 425 603 558

Butyrale
day M3LD  M3LE: - MILF M3HA  MsHB'  M3HC

o nd. nd. nd. nd nd nd. -

1 nd. nd. nd. nd. nd. nd

4 nd. nd. nd. nd. ‘nd. nd.

18 nd. 178§ 1683} ‘nd: nd 17400

28 nd: 1091 1969 nd 1964) nd.

- Q520 formate acetate  proprionate butyrate Q4
day fonmate acetite propronats butyrate . day formats acetats propdonate butyrate

0 141 488 238 0 0 1733 1699 -0 65 368 an o
1 935 . 3808 239 0 [ 1991 1969 1 956 9805 n ]
4 928 4185 203 [} 4 099 4256 s [
16 650 5305 428 1142 16 350 s011 | 387 680
28 ( 330 ‘5481 s28 1320 28 228 5322 584 661.3933
0 233 239 238 274 281 nd.

1 2083 194 240 283 302 266

4 212, 168 28 254- 292 an

16 414 489 374 223 421 ' 818

28 425 603 558 429 722 800

Page 1
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Tetrachloroethane (TeCA)

Result concentration in ug/L

Microcosm 4 Sterile control

SITE WATER 2114 695
Tirme MAHA  M4HB M4HC ~ MALR  M4LD  MALE  M4LF
0 205 : n.d. .
0.04 n.d. nd.
0.08 : nd.
nd. n.d. nd. nd. n.d.
nd. n.d. nd. nd. nd.
nd. nd. n.d. nd. nd.
nd. nd. nd. nd. nd.
hd. nd. n.d. nd. nd.
atday 36 .
' “Outlier o
' i HAN MDL=5.7
TETRACHLOROETHANE POLo17
3000 e B
=]
2500 1 © —8—M4HA
, é —&— M4HB
< 2000 + —8—M4HC
g =#=MaLD
E 1500 + —3&—M4LE
= —t— M4LF
w o
£ 1000 + —&—M4HR
8 : —o—M4LR
500 9 {|———wmpL
. J—T,TH
0 s e " usssnnts—t| & M6LRd
o 5 0 iy P ?5 . 30

. 881

MA4LRd ¢ (f <0.9¢
53




Microcosm 4 Starile control

Carbon tetrachioride MAC = 5 g/l
Result concentration in pug/L
SITE WATER 804 364
Time M4HR  M4HA. M4HB  M4HC M4LR  MALD  MALE  MALF
0 877 147 . 433 . n.d.
0.04 36 . nd.
0.08 , , - 9 nd.
1 727 nd nd. nd. 353 nd. nd. n.d.
3 702 nd. nd. n.d. 349 nd. nd. n.d.
7 736 n.d. nd. n.d. 350 nd. - nd. n.d.
18 744 nd. nd. nd. 368 nd. nd. nd.
28 761 nd. n.d. nd. 363 nd. nd. nd.
M4 CARBON TETRACHLORIDE MDL = 0.001
g 80 o 8 | |-a—MaHe
§ 700 d = M4HC
S 600 —%—M4LD
£ 500 ~3—M4LE
E - —f—M4LF
g 400 - o —8—M4HR
£ 300 : & M4LAd
O 200 e MDL
~PQL
i f- i ; S
10 ey 2 25 30

M4LRd

351



1,1,2- T richloroethane Microcosm 4 Sterile control
Result concentration in ug/L
' SITE WATER
“Time M4HR M4HA M4HB  M4HC M4LE MALF  M4LRd
0 n.d. 234 _ '
0.04 n.d. n.d.
0.08 . ‘ nd. ) nd.
1 nd. nd. nd. nd. nd. nd. nd. nd.
3 n.d. n.d. n.d. nd. n.d. n.d. n.d. nd.
7 nd. nd. nd. nd. - nd nd. nd. -nd.
16 nd. nd. nd. nd  nd nd. n.d. nd.
28 nd. nd. nd. nd. nd. nd. nd. nd.
S — ‘ MDL = 6.0
1,1,2-TRICHLOROETHANE PQL =18
—g&—MaHA
l —Ar—M4HB
% e MAHC
|12 —%—~M4LD
= —3—M4LE
g ——M4LF
< - —E—M4HR
E —&—M1alR
@ ——MDL
2 pry— PQL
8
—— 7 & 7 - &
5 10 TIME1(§“ v8) 20 25 30




TRICHLORORETHENE (TCE) Microcosm 4 Sterile control

Result concentration in pg/L.

SITE WATER 197 . . 86
Time  M4HR - M4HA M4HB M4HC MALR  MALD  MALE © M4LF  MA4LRd3
0 381 326 124 120 '
0.04 322 148
0.08 146
1 a7
3 nd. nd. 2J 108 .
7 nd. n.d. n.d. 102 nd.
16 / ‘ nd. nd. nd. 110 nd. nd.
28 nd. nd. nd. 114 nd. nd.
M4 o TRICHLORORETHENE (TCE) ‘ MDL =
A 0.08
g M4AHA
, . —&—M4HB
i : —E]l g M4HC
’ it M4LD
~M=M4LE
ef—eM4LF
—8-—-M4HR
vl MALR
5 ¥y & M4LRd
. e MDL-
o—-.
frerrrrs r _: B t ) . ]
1 mime i) 20 %




CHLOROFORM Microcosm 4 Sterile control
Result concentration.in pg/L.
SITE WATER 7 20
Time M4HA M4HB M4HC M4LR M4LD
0 25 ' 17 18
0.04 2.
0.08 . nd.
-1 nd. nd. nd. 15 nd. .
3 nd. n.d. f.d. 17 n.d.
7 nd. nd.. nd. 18 nd.
16 nd. nd. nd. 14 nd.
28

n.d. nd. n.d. 9 n.d.

M4LE

n.d.

‘nd.
nd.
nd.
nd.
nd.

CHLOROFORM MDL
70 '
60
g ) )| 88— M4HA
Q 4 snefie= M4HB
E —@—M4HC
E w0 —3e~MALE
8 ——MALF
§ 2049 = MALD
—&—MaHR
10 & —o—MaLR
NP N : ~gpn M4LRA
0 B ot - - -t ! —MDL
0 5 10 15 20 /25 PG
TIME (days)
_




DICHLOROMETHANE Microcosm 4 Sterile control MAC =5ig/L

Result concentration in pg/L

SITE WATER <PQL
Time M4HR M M4LR
0 nd. nd.
0.04
0.08
1 nd. nd. nd. nd. n.d.
3 nd. n.d. n.d. nd. nd.
7 nd. nd. nd. nd. n.d.
16 n.d. nd. nd. nd. nd.
28 nd. - nd nd. nd. nd.
' . - - [mp=13
DICHLOROMETHANE W 2
M4 : B PQL=3.9
BO s = - N
708 —H—M4HA
—A—M4HB
§° —8—MIHC
3 ~36~M4LE
Bo 4~ ——MA4LF
E j ~¥%—M4LD
0 & == M4HR
—6—M6LR
zo ) % M4LRd
] iMDL
8o § ——t
10
0| 15 — -
0 5 10 TiME ( day%) 20 25
N



cls-DlCHLOROETHENE Microcasm 4 Sterile control MAC =70 pg/L.

Result concentration in pg/L

SITE WATER <PQL
Time M4HR  M4HA  M4HB  M4HC
' 0 “hd. 118
0.04. 348 .
0.08 . 207
1 nd. - 655 658 7:
3 nd 7 174

7 nd d 228 _ _
16 " onad. : n.d. 124 232 265
28 nd. 632 625 nd. 167 144 274
FID results 530 519 197 219 224

* suspect poor injection on ECD - results calculated by FID are more consistent and shown for comparisofi

v . ' cis-DCE - IMDL=64
' ' PQL=19

< MAHA
~de—M4HB
—8—M4HC
~6—M4LE
—4—M4LF
~<3—M4LD
—8~M4HR
~&—M6LR
% M4LAD
——=MDL
| snannanaee PQL

0 5 10

TMEQays) - 2 2 30




Trans-DICHLOROETHENE Microcosm 4 Sterile control MAC = 100 pg/L

Result concentration in pg/L

SITEWATER <PQL - <PQL
Time M4HR M4HA ~ M4HB M4HC M4LR M4LD MALE MA4LF
0 nd. 78 ' nd. 58 :
0.04 v 168 _ 106
0.08 156 : 80 .
1 n.d. 177 138 206 nd. - 84 94 98 n.d.
3 - nd 189 - - 1983 199 n.d. 72 89 86
7 n.d. 194 196 200 n.d. 79 114 101
16 n.d.: 3
28 n.d. .d.
FiD 154 159 165 43 37 68

* suspect poor in'_j'ection on ECD - results calculated by FID are more conéistent and shown for comparison

M4 . trans-DCE ’ MDL= 5.8
. | , [PQL=18
250 ———
- MAHA
200 1 — —pr—N4HB
= —a—M4HC
s A M MALE
' 0150 L .
o —4=M4LF
[ ]
E “e—M4LD
g G MBLR
S | ‘¢ M4LRd
50° -———MDL
. ——PQL
oén"%ﬂ = =
0 5 10 frlME1(5days). 20 . 25 ‘ 30

|



VINYL CHLORIDE (VC) Microcosm 4 Sterile control PQL=11pgk
Result concentration in j1g/L
SITE WATER <PaL <PaL
Time M4HR M4HA M4HB M4HC M4LR  M4LD M4LE  MALF  M4LRd
0 nd. 5j . nd. nd. nd..
0.04 - 25 .
0.08 46 . 18
1 n.d. 64 72 66 n.d. 40 32 37 nd.
3 n.d. 70 66 69 nd. 30 22 26
7 nd. 56 60 89 nd. 30 25 27
16 nd. 50 47 47 nd. 11 23 25
28 nd. 43 42 49 n.d. 8j 14 - 25
M4 - Ve
80
70
——~MAHA
g 60 —i—Md4HB
2 ~@—~M4HC
Z §0 ¢ ~—36—MALE.
2 —t+=M4LF
g - M4LD
& 30 —E—M4HR
g ~g-<M6LR
8 20: ——MDL
S—Y
10 § :
08




CHLOROMETHANE

Result concentration in pg/L.

Microcosm 4 Sterile control

SITE WATER <PQL . <PQL
Time M4HR M4HA M4HB M4HC M4LR M4LD M4LE
0  nd 13] nd. 11j '
0.04 -29 . 19
0.08 : 27
1 n.d. nd. nd. nd. nd. nd. ‘nd.,
3 nd. n.d. n.d. nd. nd. - nd. n.d.
7 nd. nd. n.d. nd. nd. nd. nd.
- 16 nd. ‘nd. nd. n.d. nd. nd. n.d.
28 nd. n.d. n.d. nd. nd. nd. nd.
Chloromethane
PQL=19
Wz ~{—-M4HA
-~ 4 wte—M4HB
st ——M4HO
H l —H—MALE
S20 - ——M4LF | |
< —¥—M4LD
515.. % M4LRd
] . |=B—~MaHR
20 ~——MBLRA
3 i ——moL
. 5-‘;7 = "‘"‘"“PQ!. e
oal——c ] + ool :
0 5 0 e el 20 25

M4LF

13j
nd.
n.d.
nd.
nd.
nd.

M4LRd

n.d.



METHANE Microcosm 4 Sterlle controi
SITE WATER <PQL : <PQL
RESULTS in ppmv
Time M4HR M4HA M4HB M4HC M4ALR  MALD  M4ALE  MALF
0 n.d. nd. nd. nd.
0.04 7 _ ' 6
0.08 6 10
1 nd. 25 27 25 18 25 24
3 nd. a7 82 . 86 as 38 45,
7 nd. 95 97 96 47 45 48
16 nd. 102 92 92 25 45 29
28 nd. 85 94 93 15 10 49
MDL=2"
PQL=6 |
—&=—M1al
~fE—~MiaHA
sk~ M1aHB
=@ M1aHC
—&—MialR
=3—~M1alD
—¥~—~M1aLE
—t—M1iaLF
e MOL
e PQL
Time (days)

M4LRd

nd.



Time'(ays)

ETHANE Microcosm 4 Sterlle control
“SITE'WATER <PQL - <PQL
Resuits in ppmv :
Time M4HR M4HA M4HB M4HC M4LR M4LD M4LE M4LF  M4LRd
0 - nd nd. nd. nd.
0.04 nd. nd.
0.08 _ n.d. ’ nd.
1 nd. nd. nd. .nd. nd.- nd. nd. n.d. nd.
3 nd. 3 nd: nd. nd. nd. nd. 3j
7 nd. 3j 3 3j n.d. nd. nd. nd.
16 nd. 5 4 4 nd. 4 nd. 3j
28 nd. 6j 6j 5 nd. nd. n.d. §j
M4 Ethane nmoles MDL=3.1
10
g
g ~£--M1aHR
- M1aHA
7 wtt—M1aHB
6 ——~M1aHC
b s M1aLA
g 5 ~3—M1alD
4. ~36~M1ialE
3 ——M1alF
—MDL
2 s PQL




ETHENE Microcosm 4 Sterile control
SITEWATER . <PQL <PQL
Results in ppmv : ‘ »
Time M4HR M4HA M4HB  M4HC M4LR M4LD M4LE M4LF - M4LRd
o nd. n.d. nd. nd.
0.04 n.d. ' nd.
0.08 ‘ n.d. n.d.
1 nd. 3j 3j 3j nd. 7 5j 4j nd.
3 nd. 25 19 20 nd. 24 10 - 13
7 nd. 41 30 28 nd. 39 16 18
16 nd. 58 48 48 nd. 23 23 27
28 nd. 60 54 52 nd. 19 -9 28
30

M4 | ' Ethene(nmoles per microcosm)  [WMbL=28 ]




ACETYLENE

SITE WATER

Time
0
0.04
0.08

16
28

M4HR
nd.

n.d.
n.d.
n.d.
n.d.
n.d.

Microcosm 4 Sterile control

<PQL

Results in ppmv
M4HA = M4HB M4HC M4LR
nd. - nd.

n.d. ,
. nd.

5j 3j 3j "n.d.
n.d. n.d. n.d. n.d.
nd. nd. nd. nd.
n.d. n.d. n.d. n.d.
nd. nd. nd. nd.

<PQL

M4LD -

nd.

3j
n.d.
nd.
nd.
nd.

M4LE MA4LF
n.d.

n.d.

n.d. nd.

n.d.

nd.

n.d.

nd. n.d.

M4LRd
n.d.

n.d.




]
1 L

Citrate
day M4LD

7224
7835
7644
8092
9998

OO NW—=O

N =

Glucose

‘day ~ M4LD
16.8
184
18.1
11.9
0.0
0

WoOHONW-—O

7532

M4LE
7244
7439
8213
7472
9020
9828

- MALE

175

18.2
18.0
17.9
14.8

0

conc. (mg/L)
M4LF M4HA
7486 7554
7539 7269
8171 - 7885
7178 6927
8754 8504
10108~ 9813
cone: (mM)
M4LF = M4HA
16.5 17.3
19.3 18.1
18.0 16.8
18,0 16.1
15.7 15.3

15.9 15.1

M4HB
6648
7684
7488
6976
8702
9407

M4HB
17.6
17.6
16.9
16.5
142
13.7

M4HC
7031
6932
8014
7331
8477
9701

M4HC
15.5
17.5
16.9
17.0
140
144



Volatlle Fatty Aclds - M4
Lactate
: cone. (mg/L)
day MALD  M4LE MdLF  M4HA
[] n.d. nd. nd. nd.
1 nd. nd. nd. nd.
3 n.d. nd. nd. n.d.
7 nd. n.d. nd. nd.
18 nd. nd. nd.. nd.
28 nd nd. nd. nd
Formate
. cone. (mg/L)
day MiLD  M4LE MALF  M4HA
S0 14 13 12 13
1 20 20 19 19
3 4j 6j 6] 4j
7 a7 17 17 18
18 1477 20 21 8
28 2248 1883 19 13
Acetate
cone. (mg/L)
day M4ALD  MALE MALF  M4HA
] nd. nd. nd. nd
1 n.d. n.d. n.d. n.d.
3 nd. nd. nd. nd.
- 7 n n.d. n.d. nd.
16 831 nd. nd. nd.
28 1684 . 1411 nd. nd.
Proplonate
cone. (mg/iL}
day M4LD  MALE M4LF ~ M4HA
[} 348 314 |, 265 Y4
1 368 381 359 359
3 342 358 239 307
7 nd - 384 a3z 289
16 257 449 297 297
28 242 nd. nd. nd.
Formate
v i cone. (mgiLy
day ' MALD  MALE M4LF  M4HA
0 - 14 13 12 13
1 20 20 18 19
3 4 ] 6 4
7 427 17 17 15
186 1477 20 21 18
28 2248 1883 19 13
Qs2c
day  fommate adewte propionate
0 13 ] 308
1 20 0 368
3 5 0 313
7 154 -] as3
18 §o8 277 368
28 1383 1031.667 242
Figd nd.
831 nd.
1684 1411
Q14 -
day formate acetats  propionate
[} 12 1] 259
1 2 0 344
3. 4 o 28
7 16 0 209
18 19 0 330
28 15 0 375

M4HB  M4HC
nd. nd.
nd. nd.
n.d. nd.
nd. n.d:
nd. nd.
nd. nd.

M4HB  MSHC

12 12
20 19
6j 4j
17 16
20 21
16 16

M4HB  M4HC
n.d. nd.
nd. nd.
nd. nd.
nd. nd.
nd. nd.
nd. n.d.

M4HB  M4HC
238 242
a3 349
305 278
302 308
350 344
7 3

M4HB  M4HC

12 12
20 19
5 4
17 16
20 2
16 16

Titanlum
day

0

MaLD
277 -

conc. {mM)
M4LE M4LF M4HA  M4HB M4HC
278 282 277 26.8 273




Tetrachloroethane (TeCA)

Result concentration in pg/L

SITE WATER

“2114

Microcosm 5

-
o
o
o

' CONCENTRATION (ugL).

=h— MSHB
~&— M5SHC
—M—M5LD
—4—MSLF
43— MSHR
<=8=~M5LR
%+ Dup
e MDL
e PQL

10

15

20 25 30
TIME (ddys)

36




Carbon tetrachloride - Microcosm 5
Result concentration in pg/L
SITE »WATE‘R 904 364
Time MSHR M5HA M5HB MSHC MS5LR M5LD M5LE MSLF
0 962 963 835 494
6 1072 1067 1075 1065 507 533 528 512
14 11585 5§82 204 528 576 173 119 160
28 1021 147 4 164 411 3 nd. nd.
48 - 987 102. 3 116 498 3 nd. 3
50
'|M5 | MDL = 0.001
CARBON TETRACHLORIDE [PaL=0.003
1400 pisiimimmissi LIPS Manniiii dnininnianii L
1200 ¢ —E~MSHA
- —&—MSHB
gooo — @ MSHC
= —¥—M5LD
2800 1 ~3—MSLE
g ~+—M5LF
ﬁsoo ~E—M5HR
2 —@~—~M5LR
8400 - » Dup
———MDL
200 4 —paL
0 + + .. 9 . " -1
o 10 15 20 qigays) 20 8% 40 45 50

474




Time

TETRACHLORORETHENE (PERC) Microcosm §
Result concentration in pg/L
SITE WATER 35 v 8

MSHR MSHA  MSHB M5LD

2 _ 25 30
TIME (days)

0 47
5
14
.28
48
50
predicted left after gas refcved _
14 22 a3 8 7 ‘
28 a3 15 23 -2 1 )
. o [MDL = 0.001
E TETRACHLOROETHENE (PERC) PQL = 0.003
70 e
T ~H—M5HA
- —A—M5HB
: § o : —@—MSHC
z —%—M5LD
g29OT “H=MELE
E ——MSLF
& 0T —B—Ms5HR
g —G—M5LR
8 ~———MDL
—e
& Dup
] '5 o 10 1'5 3'5 45 50




1,1,2- Trichloroethane Microcosm 5

‘Result concentration in ug/L

SITE WATER i
Time M5HR MSHA M5HB MSHC - MSLR MsLD MBLE = MSLF
o . nd. nd. nd. n.d. nd. nd. nd.
5 nd. : 12§ i 17j nd. 7i
14 nd. n.d. nd. n.d. n.d. n.d. n.d. nd.
28 nd.  nd. ‘nd. nd. nd. nd. nd. nd.
48 nd. nd. nd. = nd. nd. - nd. n.d. n.d.
50 .
R S MDL=6.0
'1,1,2TRICHLOROETHANE PQL =18
20 : o
18 —_
- ~g—MSHA
16 + sy MSHB
§14 3 —8&—M5HC
3 =<3=M5LD
512 3 —¢-~MS5LE
Lot —+—MBLF
% »
8T ———MSHR
§ 6l _ —6—M5LA
44 —MDL.
......... PQL
2 -+
o B poeieeeere et f powereeiferet 4 4 freeeree i
0 5 10 15 20 Tlmez(%ays) 30 35 40 45 50

o

. . . N




\

TRICHLORORETHENE (TCE) ' Microcosm 5
Restilt conceéntration in pg/L
SITE WATER 187 86
Time MSHR  MSHA  MSHB MSHC  MSLR  MSLD  MSLE  MSLF dup
0 . 462 442 124 122
5 418 420 410 40 125 123 129 129
14 458 353 308 319 149 118 107 107
28 428 156 219 234 111 66 74 68
48 427 301 283 300 151 95 - 108 104 142
50
Predicted left, based on venting ] ‘
14 a7 279 333 99 86 103
28 281 195 220 28 70 59
o 3y
A [_@j TRICHLOROETHENE (TCE) MDL = 0.08
500 h PQL=0.24

450 &
400 ~g—M5HA
~ty—M5HB
550 8~ MSHC
Zoo —%—MSLD
l=50 : ~36~MSLE
“==M5LF
00 —&~=M5HR
gso ~&~MSLR
& dup
100 ——MDL
50 eveemer PQL
04 ! : 4 } = } } + !
0 5 10 15 20 mMelays) 30 35 40 45 50




CHLOROFORM MicrocosmS
Resuit concentration in pg/L
SITE WATER 7

99 .
48 | 57 265 219 231 81 86 81 21
50 _ . .
Amount present based on venting
14 o 69 71 16 21 20 19
28 102 259 93 23 74 91 82
[Ms ] CHLOROFORM MDL= 0.09
PQL =0.27
850 ~petemmeassessssesees e e e ]
300 + ~—M5HA
2 2oL —A—M5HB
2 oo MEHC
8 200 —H—MELE
2 —==M5LF
E 150 g ~—M5LD
u ~8—MsHR
g 100 1 i MSLR
o 50 3 % Dup
e MDL
0 nnne PQL
o




- = =

{

1'__._5

DICHLOROMETHANE Mlcrocosml'z' MAC=5ug/l -
Result concentration in pg/L. B
'SITEWATER <PQL <PQL
Time ' MSHR = MSHA M5HB MSHC M5LR M5LD M5LE MSLF
0 nd. nd. nd. nd.
5 nd. - - nd. nd. nd. nd. nd. nd.
14 nd. nd. n.d. nd. nd. n.d. nd. nd.
28 nd. nd. nd. nd: n.d. nd. nd. nd.:
48 nd. nd. nd. nd. nd. nd. nd. nd.
50 ' .
MDOL=1.3
DICHLOROMETHANE POL =35
45 s i o istemisiii s
44 <~ M5HA
—&—-M5HB
g351 —~&—M5HC
g 34 —¥—MSLE
g ] ——MSLF
| B25+ =3~M5LD
E 24 —E—MSHR
) —5—M5LR
§ 1-5 T _____MDL i
14 ] e - PQL
0.5+
o A e et : : et
o 10 15 20 nm&?fda‘ys) 30 35 40 45 50

single point



Microcosm 5

MAC =70 yg/L

cis-DICHLOROETHENE
Result concentration in pg/L
STEWATER  <PaL <PaL
Time MSHR  MBHA  MBHB  MSHC M5LR M5LD MSLE M5LF
0 nd. nd. : . nd. nd.
5 nd. nd. . nd. nd. nd. nd. nd. nd.
14 nd. ~ nd  nd nd. nd. nd.. nd. nd.
28 nd. nd. nd. n.d. n.d. . nd. " nd. nd.
48 n.d. nd. n.d. nd. nd. " nd. ‘nd. nd.
50
E » cis-DCE MDL=86.4 |-
. PQL=19
20 =
~{ —8=M5HA
L —A—M5HB
_ 8 g M5HC
-l ~36—MSLE
k=
s | —=+—=MB5LF
2 —$¢—M5LD
E 10+ —8—M5HR
Z st —&—M5LR
2 oF ——MpL
o s PQL
3 4-.
24
08 = 4 -+ + e e + revverpeevevere e
0 5 10 15 0 Py P 35 40 45 50




Trans-DICHLOROETHENE

Microcosm 5 MAC = 100 pg/L
Result concentration in ug/L. .
SITE WATER <PQL <PaL
Time MSHR  MSHA  MSHB  MSHG - MSLR MSLD  MSLE MSLF
- 0 nd. nd. o nd. nd. _
5 nd. nd. nd. - nd. n.d. nd. nd. - nd.
.14 nd. nd. ‘nd. nd. nd. nd. nd. n.d.
28 n.d. nd. nd. nd. n.d. n.d. nd. " nd.
48 nd. nd. n.d. nd. nd. nd. nd. nd.
50 :
[E trans-DCE
18
—i—MS5HA
16+ —a—M5HB
g 14 ~4—MSHC
S ~H—MSLE
5121 —+—M5LF
‘ 5 10 4 —K—" M5LD
E ( —E~M5HR
i 8+ ' —-=M5LRA
= ———MDL
6
8 .......... PQL
41
24
08B - + &+ ; e 4 + . aan
] 5 - 10 15 20 Tiue?fuys) 30 35 40 45 50




VINYL CHLORIDE (VC) " Microcosm 5

Result concentration in po/L.

SITEWATER  <PQL - oo<PaL

Time MSHR MSHA MSHB MSHC MSLR MSLD  MSLE  MSLF
0 nd. n.d. : nd. n.d.

-~ —&—M5HE
§ : ~8—M5HC
g s er .| =~MsLE
=) ‘ ——M5LF | -
g sl —%—M5LD
E /\ —B=M5HR
e —6--M5LA
O 44 _ g
2 -l ——MDL r—
. 8 i PQL
24 . -
.0 oo Bt + + et + rasssmssoncponcoce B~
o . 5 10 15 20 T,IMEZ(%avs) 80 35 4 45 50

I N N BN B I N N N BN EE



CHLOROMETHANE Microcosm &
Result concentration in 77
SITE WATER <PQL <PQL
Time ~  MSHR MSHA MSHB . MSBHC MSLR MSLD  MSLE  MSLF
0 ' nd.  nd n.d. nd. '
5 nd. nd. - nd. nd. nd. nd. nd. . n.d.
14 nd. nd. n.d. ‘nd. n.d. n.d. nd. nd.
28 nd. n.d. nd. nd. n.d. nd. nd. nd.
48 nd. - nd. nd. nd. nd. - nd. nd. nd.
50 )
:M_i___] . Chloromethane
20 e S —
18+ ~#—MSHA
Ry —&—MSHB
§ ol ——~M5HC
§'2" —w—MsLE
=0 + —+—MSLF
Es i ~#-MELD
g , B —B—MsHR
89" —o—M5LR
1 ——MOL
2t T ~
0 & & t Bt it 4 7 8 .
0 5 10 15 20 1yiRhaye) 20 35 40 45 50




METHANE Microcosm 5
-SITE WATER <PQL 4 ' <PQL )
ppmiv

M5HR  MSHA  MSHB  MSHC M5LR M5LD MSLE MSLF Dup

0 nd. nd. .- nd. nd. nd. nd. . nd nd.

5 nd.  nd. nd. nd. nd. nd. nd. nd.

14 nd. nd. nd. nd. nd. nd. nd. nd.

28 nd: nd. - nd. nd. nd. °~ nd nd. nd.

48 nd. nd. nd. n.d. nd. n.d. nd. nd. nd.
50 : o ‘

=== M5HA

-6 i MSHA
F] s s MEHB
g 3e-MEHC
<, ~%—M5LR

—&~M5LD
sed MSLE
e MBLF
i MDL

e PQL

-



i

* ETHANE ~Microcosm §
N SITE WATER <PQL <PQL
m . ~_ppmiV A - ‘ .
Time M5SHR MSHA M5HB M5HC M5LR M5LD MSLE MSLF
0 ' n.d. nd. nd. nd.
5 nd. nd. n.d. nd. nd. nd. n.d. nd.
l ‘14 nd. nd.. nd. nd. n.d. n.d. n.d. nd.
‘28 n.d. nd. nd. nd. nd. nd: nd. nd.
48 nd. nd. nd.  nd. n.d: nd. n.d. n.d:
¥ 50 ‘
l -
m Ethane
10
9
| :
—o—M5HR
7 ~~M5HA
6 M5HB
II %5 i MEHG
E —%—M5LA
4 =@—MsLD
3 p—MSLE
II 2 e MSLLF
, ; ——MDL
e PQL
| ° |




ETHENE Microcosm §
SITE WATER <PQL _ <PQL '
ppmiv
Time M5SHR MSHA M6HB  MSHC M5LR M5LD MSLE MSLF
0 nd. n.d. “ nd. n.d.
5 nd. nd. nd. nd. nd. nd. nd. nd.
14 nd. nd. n.d. nd. nd. nd. nd. nd.
28 nd. n.d. nd. nd. nd. n.d. nd. nd.
48 n.d. nd. nd. nd. n.d. n.d. nd. nd.
50
Ethene (nmoles per microcosm)
—&—MSHR
~§%—~MSHA
- —fr—MSHB
—8—MS5HC
—~=M5LD
: ~f—MSLE
e MELE
mnnne PQL

. Time (days)




Tims (days)

ACETYLENE Microcosm § ’
SITE WATER <PQL <PQL
. __ ppmiV . L , _
" Time M5HR M5HA MSHB M5SHC M5LR M5LD M5LE MSLF Dup
0 nd. nd. nd. nd. nd. nd. nd. nd.
1 nd. nd. nd. nd. nd. n.d. nd. n.d.
7 n.d. n.d. nd. n.d. nd. nd. nd. nd.
28 nd. nd. nd. ~ nd nd. nd. n.d. nd.
48 nd. nd. nd. = nd nd. nd. n.d. nd. nd.
80
—_— MDM 2R
A_c.elyleﬁe
12.0.6
—=M5HRA
10.00 g~ MSHA
wergzer MSHB
8.00 )
e MEHC
% 6.00 <=~ MELR
] —8—M5LD
4.00 i MSLE
S—V-Y
2.00 e MDL
0.00 PaL




Volatile Fatty Aclds-M5

Citrate None Added
Lactate Glucose _conc. (mM)
day M5LD MSLE  MSLF - MSHA  M5HB  MSHC

cone. {mg/L)
day M5S5LD MSLE  MSLF MSHA  M5HB  MSHC

0 123 3 124 134 1285 13.6
[} nd. nd. nd. nd. 20j -15j 5 126 104 13.3 125 11 134
14 178 275 163 52 407 69 8 129 121 128 12:4 109 128
28 411~ 1488 1390 1801 1175 1718 ' 14 10 76 11.6 :X -] 78 108
48 607 2036 2340 2842 2169 2220 . 15 19.3 198 24.6 23.8 24.7 227
. ) 20 154 17:0 232 224 10.0 - 218
Formate 28 208 184 25.2 27.0 26.0 252
conc. (mg/L) 35 19.2 195 265 26.7 25.3 24.1
day MS5LD MSLE MSLF: MSHA MEHB MSHC 42 193 188 224 244 256 219
8 15 10} 13 10j i 13 48 19.1 184 240 257 257 214
14 57 4 38 40 43 44
28 78 61 62 56 70 89
48 101 88 76 87 88 79 : Titanlum
: None-added
Acetate :
) conc. (mg/L) :
day ‘MSLD MSLE  MSLF  MSHA  M5HB  MSHC
8 n.d.. nd. nd. 41 67 53
14 221 353 236 192 348 174
28 569 601 443 ar2 432 a3
48 939 493 558 412 502 888
Propionate .
y cono. {mgl)
day MSLO  MSLE MSLF  MSHA  MSHB  MSHC
-8 nd. nd. X3 n.d. nd. n.d.
14 nd. nd. ad. nd. nd: nd:
-28 nd. nd. - ad nd. nd. nd:
48 n.d, nd. nd. nd. nd. n.d.
This data only for the:purposes of .graphing
Qs2c . Qi4
day lactate formate acetale proplonate day laclate tat propionat
8 0 13 ] 0 8 12 11 54 0
14 205 45 270 0 14 476 42 -238 o
28 1100 67 538 [ 28 1566 75 378 0
48 1661 88 664 0 48 2411 84 427 0
M5 VFAs: Q520 - | M5 VFAs Q14
£ oo
; é 2000
1 1000-
z® o :
S 2
TIME (days) TIME (deys)




O

l L
.

-

Tetfaehlorbethaﬁe (TeCA)

Result concentration in pg/L

SITE WATER

Time

MEHR

2114 -

MeHA
10j

- nd.
nd.

nd.
nd. -

- Microcosm 6

MeHB

n.d.

nd. -
nd.
nd.
nd.

MéHC

M6LR

‘695

MeLD
g

MeLE

nd.

n.d.

- nd.

nd.

M6LF

‘nd.
n.d. »

n.d.
n.d.

10

TIME (lays)

‘25




nd,.

Carbon tetrachloride Microcosm 6 MAC =5 pg/L
Result concentration.in pg/L.
SITE WATER ' 904 364
Time M6HR = Ms6HA MeHB M&HC M6LR MéLD M6LE MsLF
0 1014 03 - 454 7 '
0.04 : nd. v 3
0.08 0.05 0.3i
1 980 nd. ~ nd nd. 474. nd. nd.
2 1065 nd. n.d. nd. ag7 0.05j 0.08] 0.05]
6 1035 n.d. n.d. nd,. - 472 nd. nd. nd.
- 14 1113 nd. nd. . nd 510 . nd. nd. nd.
29 1197 nd. nd. nd. . 460 nd: nd. n.d.
’ /
CARBON TETRACHLORIDE MDL = 0.001
IPQl. =0003 |
1400 prommmmsmsssniiiici - . ,
) i MEHA
1200 + e v et NIBHB L.
by —%—M6LD
g so0t 3¢~ M6LE
< . e MBLF
g 600 + —B-MsHR
] —— » MBRd p
g ——MDL
200 wieesisin PQL
. . —9—M6LR
0 ot Bl fmsmssssssssasasac Lo N
0 5 10 Tms’(?says) 20 25 30

M6LRd
398

-1 d
- N W

J (.



7

TETRACHLORORETHENE (PERC) Microcosm 6
Result concentration in pg/L. '
~ SITE WATER 35
Tifme M6LF
nd.
nd.
nd.
nd.
n.d.
nd.
e 1 [WbL=003
Lj‘, TETRACHLORORETHENE (PERC) |pql = 0.09
70 il
60 —&—MBHA
g | i MGHB
2% - MGHC
= —~3—M6LD
© 40
5 1 —3¥—M6LE
Egod e MELF
& —a—MsHR
2 20 4 # M6LRd
3 # —6—MeLR
104 . ——MDL
e i {l e PQL,
0 ¥ , -t ; $ 2
0 LR S 25 30




1,1,2- Trichloroethane Microcosm 6
Result concentration in ug/L
SITE WATER
Time M6HR MeHA  M6HB  M6HC MsLR MsLD -~ M6LE MsLF M6LRd
0 nd. nd. nd. 34 nd.
0.04 n.d. nd. .
0.08 , nd. nd.
1 nd. n.d. nd. nd. nd. nd. nd. nd.
2 7i nd. nd. nd. nd. nd. nd. nd.
8 nd. n.d. nd. nd. nd. nd. n.d. nd.
14 nd. n.d. nd. nd. nd. nd.  nd nd.
29 nd. n.d. nd. n.d. _ nd. nd. n.d. nd.
E MDL=6.0
L e 1,1,2-TRICHLOROETHANE PQL=18
© . ) I
35
i e
g 30 - ~~MEHB
2 —$--MEHC
=z 25 1 ~3%—M6LD
g —36=M6LE
g wcfonn MBLF
ﬁ s | ————M6HR
g —8~M1alR
840 | MDL
|~==pPQL .
5+
0 5-Lq T ¢ Tt + = .
0 5 10 nME1(5dam 20 25 30

- E TN

P u




SITE WATER

Time  M6HR
0 457

0.04

0.08
1 442
2 411
6 422
14 485
29 497

TRICHLORORETHENE (TCE)

Resuit concentration in pg/L

Mlcroco'sms
197 86
MBHA MEHB M6HC MsLR MeLD  MS6LE M6LF  M6LRd
269 113 116 119
240 68
) 250 : 68
n.d. nd. ‘nd. 112 nd. n.d. nd.
nd. n.d. n.d. 98 nd. n.d. nd
nd. nd. nd. 126 " nd. nd. nd.
nd n.d. nd. 142 nd. nd. nd.
n.d. nd. - nd. 146 n.d. n.d. n.d.
Mia TRICHLORORETHENE (TCE) MDL =0.08
PQL=0.24
500 + B} | —E—MeHA [
- ~~dic—~ MGHB
2 i MEHC
3001 —3%—MBLD
=} e MELE
E 1 NS M5LF
gno —E—MEHR
in —8—MsLR
%oo ¢ MsLRd
" ——MDL
100 e PQL r’
0 eaapes ; L s +
0 s 10 'rms(di.'yss) %




CHLOROFORM Microcosm 6 -
Result concentration in pg/L
SITE WATER o 71 20
Time M8HR M6HA MeHB M6HC M6LR M6LD M6LE MELF .MBLRd;
0 65 nd. 20 1 ’ ’ 18
0.04 ) n.d. n.d.
nd. n.d.
n.d. n.d. nd. 19 nd. n.d. nd.
nd. n.d. nd. 18 n.d. nd. nd.
n.d. nd. nd. 22 nd. nd. nd.
n.d. n.d. nd. 18 nd. nd. nd.
nd. n.d. nd. 20 nd. nd. nd.
CHLOROFORM
g ~fB—~MBHA
L i MBHB
= ~d—MGHC
—~ g o6 MELE
O 40 e MELF
3 ~3—MELD
20 & - o {|—8—MsHR
r ©- —6—MeLR
o || MRS
0 5 10 15 20 25 q oL
: TIME (days)




- == -

DICHLOROMETHANE Mlcrbeos‘m 6 MAC =5 pg/l.
Result concentration in pg/L »
SITE WATER <Pal. <PQL
Time M6HR _ M6HB M6HC MéLA M6LD M6LE M6LF
-0 nd : n.d. 19 - - )
0.04 17
0.08 _ . : _ 12
1 nd. nd. n.d. nd. n.d. nd. nd. nd.
2 nd. nd. nd. nd. nd: nd. nd. nd.
6 nd. nd. nd. nd. n.d. nd. nd. . n.d.
14 n.d. nd. n.d. n.d. n.d. nd. nd. nd.
29 nd. nd. nd. nd. n.d. nd. nd. nd.
M DICHLOROMETHANE MDL= 1.3
o PQL=39
=y
—~-M6HB
—§—MEHC
—3—M86LE
—+—M6LF
~3—M6LD
N —B—MBHR
—ipme MBLA
% M6LAd
7 T ¥
10 TleE%avs 20



cis-DICHLOROETHENE Microcosm 6 - MAC = 70 pg/L
Result concentration in pug/L
SITE WATER <PQL <PQL
Time _ M6HR M6HA M6HB M6HC. . MS6LR M6LE MBLF MsLR
0 nd. 221 nd. g
0.04 401 . 177
0.08 347 139
1 n.d. 537 544 547 nd. 252 255
2 nd . 5486 552 559 h.d. ) 266" 256
6 n.d. 448 ' ) ]
14 nd.
29 nd.
Predicted concentration S
remaining at day 6 403 417 439 205 205 193
N day 14 414 449 435 178 150 137

DAY 29 201 280 . 349 72 163 55

Mé : ¢ls-DCE
‘ PQL =19

600 -
500
oo &
-4
o i
|

00
g
-4
w :
2200 ¢
8 2 MeLAd

100

TIME1€daYs)

20

25




i

!
- .
S

Trans-DICHLOROETHENE Microcosm 6 MAC = 100 pg/Ll
Result concentration in pg/l » |
SITE WATER <PQL <PQL
Time M6HR M6HA MéHB MBHGC M6LR MeLD M6LE M6LF
' 0 n.d. 157 n.d. 139
0.04 241 119
0.08
1 n.d,
2 n.d.
6 nd.
14 nd.
29 n.d.

Predicted value based on.amount of gas removed

remaining atday 6 170 192 190 101 103 104
day 14 129 136 128 863 55 51
day 29 72 76 124 33 8 49

M6 trans-DCE MDL= 5.8
e PQL=18
350 ————
300 —B—M6HA
- |~a=M6H8
o250 4 e MGHC
i' y —=H—MBLE
00 H——MeLE
< —X—M6LD
Biso B —E5=MBHA
8 9 —&—M6LR
§1o‘o, ' ¢ MeRd
’ ——MDL
50 Jo—
0
0 5 0 reBaysy 20 25 30




.VINYL CHLORIDE (VC)

Microcosm 6 - PQL=11pglL
Result concentration in pg/L.
SITE WATER <PQL <PQL
Time ~ MEHR M6HA MEHB MeHC M6LR MsLD MELE  M6LF  MeLRd
: 0 nd. 7 nd. 9j nd.
0.04 - 31 - 21 -
0.08 : 41 . 35
1 nd. 59 58 56 nd. 28 32 31
2 nd. &3 43 50 nd. - 17 14 14
6 nd. - 11 1 8 nd. n.d. nd. " nd.
14 nd. 13 12 12 nd. 9j 10 10]
29 nd. . 7 7 o] nd. . nd. 7 nd.
MGZ- - -
70
60 -
250
2
g 4w
E )
5 30 # ,
) \
o )
10 §
0 BB - . ~
0 5 10 15 20 25 30
_ TIME (days)
Y
\
Page 1

1
|
|
|
f
|
|
I
U
|
|



CHLOROMETHANE

- Result concentration in ug/L. -

Microcosm 6

n.d.

SITE WATER <PQL — <PQL
Time MBHR MeHA MeHB  M6HC M6LR MeLD M6LE M6LF MsLRd
0 nd. - 29 nd. n.d. .
0.04 26 n.d.
0.08 21 nd.
1 n.d. n.d. nd. nd. nd. n.d. n.d. nd.
2 nd. n.d. nd. nd. nd. nd. n.d. nd. .
6 nd. nd. nd. n.d. nd. nd. nd. nd.
14 nd. nd. n.d. n.d. nd. nd. n.d. nd.
29 nd. n.d. nd. nd. nd. nd. nd. . nd.
b |M6 ' Chloromethane MDL=6.3
. |PaL=19
3‘5 e S —— —
30 —~g=MBHA
- —gig—MEHB
%5 —@— MBHC
2 —>—M6LE
%’o —=t=-MeLF | |
~3¥—M6LD
E‘ls | # MsLRd
B |=E—~MsHR
20 | ~—~e—~M6LR
3 , ML
541 PAL [T
ouﬂ. e . o et 4 TR S
’ ° 0 e e 2 5



METHANE

SITE WATER

Time

0.
0.

0
04
08

1

2

6
14
29

MeHR
nd.

h-d'{
nd.
nd.
n.d:
n.d.

<PQL

M6HA
n.d.

89
93
11
n.d.
nd.

Microcosm 6

- RESULTS in ppfiv
M6HB M6HC M6LR
nd.

nd. .

86 .
84 96 n.d.
84 a3 n.d.
10 - 15 n.d.
n.d. n.d. n.d.
n.d. nd. n.d.

<PQL
MeLD . ~ M6LE
nd..
3.
26 28
T 36 . 32
nd. 2
- nd. nd.
" nd. 12

MeLF MsLRd

11

25

nd.
nd.

n.d_.

Time (days)

RS
PR

% |—B—MiaHR
~#—~MiaHA
~ar—M1aHB
~@-=M1aHC
—68—M1talR
~—M1alD
~—M1alE
—t—M1aLF
amMDL

e PQL




ETHANE Microcosm 6 }
SITE WATER <PaL <PQL
3 7 Results in ppmv
Time M6HR MBHA MeHB MBHC  MeLR MeLD M6LE  M6LF MeéLRd
o] nd. nd. ' : nd. nd.
0.04 nd. ) nd.
0.08 n.d. nd.
1 nd. 5j 5j gj nd. nd.- nd. nd.
2 nd. -n.d. nd. - nd nd. nd. n.d. n.d.
6 nd. nd. ~  nd nd. nd. nd. nd. nd.
14 nd. nd. n.d. n.d. n.d. n.d. nd. nd.
29 nd. nd. kn,d./ 4j n.d. nd. n.d. n.d.
N Me Ethane nmoles
10
9
8 ~B~~M1iaHR
=~ M1aHA
7 it M16HB
8 —@—M1aHC
8 “g=M1aLR
g5 —%—M1{aLD
' —3—-M1alE
3 —+—MtalF
——MDL
2 daiddon PQL
1
o S
0 5 10 Time'@ays) 20 25 30




ETHENE
SITE WATER
Time MEHR
0 n.d.
0.04
0.08
1 n.d.
2 n.d.
6 nd.
14 n.d.
29 n.d.

Results in ppmv

MEHC

19
16
14

Microcosm 6
<PQL
MEHA MéHB
nd.

n.d.

4 9

18 16

7i 13

14 15

4 5

<PQL

M6LR M6LD
nd.  nd
nd 6j
n.d. 1"
nd. 5j
nd. -1
-nd. n.d.

M6LE

M6LF

SN2 o w

s ettt

5 10

15
Time (days)

M6LRd |
n:d,

‘-



v
-

ACETYLENE

SITE WATER

Time

0

0.04

0.08

1

2

6

14

29

nd ~ nd . nd n.d. n.d. nd.

n.d.

nd.
n.d.
n.d.
n.d.
nd.

Microcosm 6
<PQL <PQL
Resuits in ppmv : ‘
M6HR MBHA MeHB MeHC M6LR  MelD  M6LE
n.d. n.d. ' nd. nd.
nd.
: : n.d. _
nd. - nd. n.d. n.d. n.d. n.d.
nd. h.d. nd. . 4j nd. n.d.
nd. n.d. n.d. n.d. n.d. nd.
n.d. nd. nd. . nd. = nd nd.

M6LF

n.d.
nd.
n.d.
n.d.
n.d.
n.d.

nmoles

12
1"
10

9

8

7

[}

5

4

3

2

1

0 &

1} 5 10 15 20 25
Time (days)

M6LRd
nd.

nd.



- : : . . £ECEC'0L LPGE. 636}

29 -]
0 2rot 8861 €L v
0 ci8 228 6e 9
0 0 69 [} ;2
N 0 0 ] 0 T
. 0 o . o 3 0
ewuoidaxd  ejpjecs  ejewto)  ejepe  Aep
vio
. £ESEZK) ZBSE 6691 eel &2
0 2601 €661 2L 1 -
) 0 128 R LI 06 ]
- 0 [ 6L [ [
0 [\ 62 [} s
-0 o 0 [} o
opuoidd  ejeleos  oeuuo)  oppy Asp
. 2250
= : /143 Bit P faat pu 682 ez
4 o pu b wu o ot
) pu -pu pu Pl pu pu s
(shvp) omiL - ‘pu ‘pu ‘pu pu Py A 2
* [ 2 6 -3 LR [] “pu U pu ‘pu ‘pu Py, 1
rheron ! 2 0 pu Pu pu pu pu Py P
ﬁ OHSW  GHOW sweué 48BN FBN ON Aop
by ‘o109 .
[T :
PR oo . . eisuoidorg .
HNM 821 629y L9 6¥Sh @99 0E6S 62
§601 avol 220t 6501 [T 113 123
] ﬂ% - ots 86 g8 . g8e: 628 €18 8-
. ; 3 SEE R Y pu K pu Py Py 2
R . . R AR R 008y ‘pu pu v: pu pU pu 1
- 10 SVIA SN L Py Y Pu__ 0
OHON BHON  VHBN  JIBN IR GMN fop
(ryBu) U0 :
: . opady
e Lo 9'0 43 2y 00 62
- ¥ S 1 r o't v e R 1821 868} 012 2e6i 228 8€22 62
N ] +2 6 gt gt ¥ ) 18 8002 1e6i vEs! (2T} ze1e [
z8l €6i L L voL - 8L 2 [:1V1Y [ :]71} 8eLl 8ELl 9I8l 9
0’12 £02: ¥'6h eel T Z8 i 20 et 33 (] 73 08 2
61 022 §02 518 L6k g6l [ ] [ 13 82 ;5 2 i
OHOW  BHOW  VHON  J19W  ITBW QBN fep Py pu pu pu pu pu o
(iApu) w00 esoann OHeN  GHOW  VHEN  JIBW.  FIeN dTeW fep
(ybuw) ouco
-3 818 vie €2e 12 o'l [ ayeuiod
.OHOW  BHBN  VHSN  dJ10W 31N dWON Aep
(iw) ou0d winjuey i u ¥ 173 U 8 8Ly 62 -
: o8 [} ¥s [22 28 73 b
6 88 - Lot 201 17} 68 E}
[L>>] less 2] 610L 28v8 fezz 62 Py ‘pu U Py pu Py 2
£ ro 90 21 ' 00 -3 0€69 [125] 8560 2r09 2068 peeL ({3 Py U Py ‘P ] Py 1
8 o'z I} 91 (&) € i ot¥e 6089 8.1€9 zie8 2089 sie 8 Y P Py - P pu Py [
02 [ 6t ' [ S} [ 88k oves oshL €LL8 ozes 2oL 2 OHEW BHIN  VHeW  J9W 3TN QIW fep
z8i (4]} I3 Fy1 ver | 8 2 6£99 ero9 ¥S£9 619 +869 (7173 ' (vBw)-ouoo .
[t oz ¥et :x:18 ziz -1 8 377 1529 2048 6849 geLe | 2819 0 ejeoe]
66l 0zz 902 861 ek 961 [} OHOIN  BHOW  VHOR  dJiBN- 318N QU8R fop

! OHOW BHOW  VHON  d4BW 310K gIN hep (i) -avioo

{ww) ouca . .
850In}D. : oD - 9N - spIdY Aned ajiejop



Tetrachloroethane (TeCA)
N ,

Microcosm 7 Alternate chelator
Result concentration in HgL

SITE WATER 695
Time _ M7LR  M7LD M7LE  M7LF Dup
0 : n.d.
0.04 n.d.
0.08 ‘
1 n.d. nd.
3 nd. nd.
7
15 nd. nd.
28 nd. n.d.
@ TETRACHLOROETHANE

-

- 3888882

[y

CONCENTRATION (pg/L)

TIME (days)




Carbon tetrachloride
Resuit concentration in ug/L.

SITE WATER

Time
0
0.04
0.08
1

3

7

18
28

Microcosm 7 Alternate chelator MAC =5 ug/lL
364
M7LR  M7LD  M7LE  M7LF Dup
. 8374 n.d.
n.d.
nd.
506 n.d. n.d. nd. 511
503 nd. n.d. n.d.
490 nd. nd. n.d.
526 nd. nd. n.d. 486
495 nd. nd. nd 497
M7 CARBON TETRACHLORIDE MDL = 0.001
|IPOL = 0003 |
600 - _— e :
a 500 + ¥~ - » —
2 : —%—M7LD
= 400; ) ) e MTLE
g ) g MTLF
304 % M7LRd
g ——MDL
—PQaL
g 207 ~o—M7LR
3
100+ )
0 R I et ! i + — EI—
0 § 10 . 15 20 25 30
: TIME (days)




TETRACHLORORETHENE (PERC)
Result eonéentrﬁﬁon in pg/L

SITE WATER

Time -

0
0.04
0.08

1

3

7

15
28

" Microcosm 7 A Alteriiate chelator

6
M7LR  M7LD M7LE  M7LF Dup
4 . 3
2
2
5 nd. nd. n.d. "5
/-8 n.d. nd. n.d.
4 nd. nd. nd. .
6 nd. nd. n.d. B
8 nd nd. nd. 8
11’”_] TETRACHLOROETHENE (PERC) | VD= 003
10 e e e e . - -
0
z .
g 5
4
3
2
.
03 4 . + ¥
0 5 10 1§ 20 25 30
- . TIME (days) : o




1,1,2- Trichloroethane Microcosm 7 Alternate chelator
~ Result concentration in pg/L
SITE WATER
Time : " M7LR  M7LD  M7LE = M7LF Dup
0 - » nd. . nd
0.04 ] nd.
0.08 . nd.
1 ‘ ) n.d. nd. h.d. nd. nd.
3 : nd. - nd. nd. nd. :
7 . n.d; nd. - nd. n.d. .
15 nd. nd. nd. nd. nd.
28 - . ' nd. nd. nd. n.d.v nd.
o THIGHLOR ‘ MDL=60
. 1,1,2-TRICHLOROETHANE PQL= 18
D) rr-eermemiseesestssamennssnnran ot n s st et et s s as st e s st e St mn see en e nme i SR
- S e e
16 — = M7LD
: g wl —ie—M7LE
e M7LF
. 8 121 —~o-=MialR
B
< 10+ —MDL
E s+ T e PQL
2
g s

" 0 el t L3 t a3 y R o s~
6 . 5 10 15 20 % %0
TIME (days)

n ™~
4



TRICHLORORETHENE (TCE) _Microcosm 7 Alternate chelator
Result concentration in pg/L
SITE WATER ‘ ' 86
Time . M7LR  M7LD M7LE = M7LF Dup
0 . 131 426
0.04 453
0.08 o 419 -
1 151 261 ‘280 287 151
3 : 149 115 136 149
7 : 143 20 .29 75
15 - 155 2 2 20 152
28 o 140 nd nd. 3 160
MDL = 0.08
PQL = 0.24
]
—%—M7LE
v M7LF
=--M7LR
% M7LRd
~—MDL
wreenePQL
. >
{
. -
25 30
_ _ _ TIME (days) . .




CHLOROFORM v Microcosm 7 Alternate chelator

Result concentration in Lig/L

SITEWATER _ -
Time M7LR M7LD M7LE
: 0 18 36
. 004 : ‘ . hd
0.08 .
1. nd. ~ nd
3 n.d. nd.
7 nd. nd.
15 n.d. nd.
28 nd. nd.
\ CHLOROFORM MDL= 0.09
, PQL =0.27
3
g ' é
£ -3 - —$
E ' SM7LE
& b MTLF
2 —%—M7LD
8 —8—M7LR
$ M7LAd
——MDL.
e BQL
b 4 2 peo00ogosecen o 3
Y 5 10 15 20 25
N " TIME (days)




DICHLOROMETHANE ' Microcosm 7 Alternate chelatof MAC =5 pg/it.
Result concentration in pg/L
SITE WATER <PQL » <PQL
Time ' M7LR  M7LD M7LE  M7LF Duwp
0 nd. nd. :
0.04 , nd. '
- 0.08 . ) , . nd.
1 . nd. n.d. n.d. nd. nd.
3 nd. . nd. nd. nd.
7 ‘ nd. . nd . nd nd.
15 } n.d. nd. “h.d. nd.
28 _ , nd. . nd. nd. nd. nd
M7 " DICHLOROMETHANE ~[MDL=1.3
) . = : PQL =3.9
5 epeesesessaseesain i S nrsssnbeso s s e i s Hessanessansassssamessensis i hstoesesnanisessns
45 4
§ 4+ : . i
1 | —»e—M7LE
= 35 : : | eesmMALF
g ad —¥—M7LD
& 254 ——M7LR
g o ——MDL
Q151 % M7LRd
1 I t— m—— — M ——
0.5+
(LY oT T SR— + 4 } }
0 5 10 15 20 25 30
_ __TIME (days)



cls-DICHLOROETHENE Microcosm 7 Alternate chelator MAC =70 pg/L
Result concentration in ug/L
SITE WATER <PQL <PaL
Time M7LR  M7LD  M7LE  M7LF
0 nd. nd.
0.04
0.08
1
3
7
15 d.
28 nd. 180 184 170
) MDL=6.4 | ]
¢ls-DCE :
il PaL= 19
300 _
g TRMTLE
S e MTLF
g . ~¥—-M7LD
é —~&—M7LR
§ ——MDL
(] e PQIL
3 & M7LRd
0 7 5 10 18 o 2'0 N 25 30

n:d:




Trans-DICHLOROETHENE Microcosm 7 Alternate chelator MAC = 100 ug/L
Result concentration in pg/L

SITEWATER PaL’ PaL

Time . M7LR M7LD  M7LE  M7LF
.0 : nd.  nd :

0.04 ' '
0.08
1
3
>
15
28

CONCENTRATION (1/L)

¥
Y ¥ U —— H— — SR s
0 5 10 15 20 25 30
: TIME (days)




1,1_Dichloroethene "~ Microcosm 7 Alternate chelator PQL=11ug/L

Result concentration in ug/L
SITE WATER - <PaL ' ' <PQL
Time M7LR M7LD M7ZLE M7ZLF Dup
0
0.04 o }
0.08 , ’ nd. nd. nd. nd.
1 n.d. 1 1 2 . nd
3 n.d. - nd. 1 1 :
7 ' nd. nd. nd. nd.
15 ) nd. n.d. nd. nd. -
28 o nd. n.d. nd. nd. n.d.

Note: needs to be confirmed by MS

K
3
T

© CONCENTRATION (o)

) 10 TlME‘&lays) 20 25 30




VINYL CHLORIDE (VC) Microcosm 7 Alternate chelator PQL = 11 g/l
Result concentration in pg/L
SITE WATER <PQL ' <POL
Time : M7LR M7LD M7LE M7LF Dup
0 : n.d. n.d.
0.04 n.d.
0.08 n.d.
1 nd. nd. nd. n.d. nd.
3 nd. 7 6j 6j
7 nd. 6] 6j 6j
15 nd. nd. nd. n.d. nd.
28 n.d. n.d. n.d. nd. n.d.
M7 ve
12
10 _*-@ M7LE
§. s MTLF
8 —~¥%~~M7LD
3 —~6-—M7LR
5 ——MDL
% ...... - PQL
z§: & M7LAY
= =4 , t + =
0 10 15 20 25 :
TIME (days)




CHLOROMETHANE

Microcosm 7 Alternate chelator

Result concentration in ug/L
SITE WATER <PQL <PQL
Time M7LR M7LD M7LE M7LF
0 n.d. nd.
0.04 ’ nd. :
0.08 nd.
1 nd. nd. nd. n.d.
3 n.d. - nd. n.d. nd.
7 nd. nd. nd. nd.
15 nd. nd. n.d. nd.
28 nd. nd. nd. nd.
l:w Chioromethane {MDL=6.3
‘ EQL=‘19
20 OPSPME
e —26~—~M7LE
- 161 i M7LF
14.4 —%--M7LD
Z 24 ¢ M7LRAd|.
E‘ 10 - —5—M7LA
5 ——MDL
g 81 |-
6-. - — = S —
8
4 .
24
0 K—$e—3 - } 3 } t
0 10 15 20 25
. TIME (days)

Dup

nd.



METHANE Microcosm 7 Alternate chelator ‘
SITE WATER <PQL <PQL
RESULTS in ppmv _
Time M7LR M7LD  M7LE  M7LF
0 . n.d. n.d. _
0.04 5]
0.08 6
1 ' n.d. 31 40 34
3 n.d. 45 47 40
7 54 54 52
" 15 ,_ _ 60 62 60
28 , : nd. 48 50 46
M7
70
60
80
|
[<]
E
£ 30

n
o

10

Time (days)

Dup

n.d.

nd.
n.d.



ETHANE

SITE WATER

Time

0

0.04
0.08

1
3
7
15
28

Microcosm 7 Alternate chelator

<PQL - <PQL

" Resultsinppmv

' M7LR  M7LD
n.d. n.d.
n.d. . nd.
nd. 3j
n.d. nd.
n.d. 8j
n.d. 11

M7LE M7LF

nmoles

Y
N
RS
LR
o

Time (days) -

—T;TH
e PQL
—o—M7LR
—%—M7LD
—p—M7LE
wremeioeee MTLF

Dup

n.d.

n.d.
nd.




ETHENE Microcosm 7 Alternate chélator
SITEWATER <PQL <PQL
Results in ppmv
Time M7LR M7LD M7LE M7LF
0 nd. n.d.
0.04 n.d.
0.08 ‘ n.d.
1 n.d. 3j 3 n.d.
3 . n.d. 13 12 1"
7 nd. 41 48 38
15 h.d. 76 79 72
28 n.d. 60 65 54
N7 | o MDL=2.9
_ Ethene (fimoles per microcosm) PQL=8.7

Dup

nd.
nd.



ACETYLENE Microcosm 7 Alternate chelator
SITE WATER <PQL <PQL
Results In ppmv
Time M7LR  M7LD M7LE
0 nd. ‘nd.
0.04 n.d.
0.08
1 nd. 3j 3j
3 nd. nd. n.d.
7 nd. nd. ‘nd.
15 nd. -nd. nd.
28 nd. nd. n.d.
o ~ Acetylene nmole/bottle POL =105
1
10
9
8
g 7
S 6
£ ;.
4
3
2
1
0
o 5 10 is 20 26 30
- ' Time (days)

‘M7LF

n.d.
nd.
nd.
nd.
nd.
nd.

Dup

nd.




E E e

Volatile Fatty Acids - M7

Citrate

day M7LD
nd.
nd.
nd.
nd.

1 nd.

28  nd
Lactate

NNWw-=O

day M7LD
nd.
n.d.
nd
nd.
nd
nd.

8‘-01‘\[6,—!0

Formate _

day M7LD
n.d.
nd.
nd.
n.d.
nd.
31

Boavwwao

Acétate

day M7LD
0 nd
1 nd
3 n.d.
7 nd.
15 nd.
28 nd.
Propionate

day M7LD

nd.
nd.
nd.
h.d.
nd.
nd.

PNNW -0

N

M7LE
nd.
nd.
nd
n.d.
nd.
nd.

M7LE
nd.
n'd-
n.d.
nd.
nd.
n.d.

M7LE
nd
nd.
n.d.
n.d.
nd.

nd.
n.d.
nd.
nd.

nd.

nd.

M7LE
n.d.
nd.
nd.
nd.

n.d.

nd.

cone. (mg/L)

M7LF ’
n.d.
nd.
n.d.
;'],',d'
n.d.
nd.

conc. (mg/L)
M7LF
nd.
nd
nd.
nd.
n.d.
n.d.

conc: (mg/l.)
M7LF

nd.
nd.
nd.
n.d.
nd.

26

conc. (mg/L)
MLF
nd.
nd.
nd.
n.d.
n.d.
nd.

conc. (mg/l)
M7LF
nd.
nd.
nd.
nd.
nd.
n.d.

Titanium
day

0

M7LD
251

M7LE
24.8

cone. (mM)
M7LF
248



Tetrachloroethane (TeCA)

Result concentration in pug/L

SITE WATER

Time

0
0.04
0.08

1

3

7

15
28

Microcosm 8 B12, Tl citrate and yeast extract

M8LR

695

M8LD

nd.

nd.

nd.
nd.
nd.
nd.

M8LE
n.d.

nd.
n.d.
nd.
nd.
nd.

MsLF

CONCENTRATION (ug/L)

TETRACHLOROETHANE

|MDL=5.7

a

PQL=17

&

0 Ntoohemmtt ' 32 f i
0 10 15 ] 30
TIME (days)




Carbon tetrachloride Microcosm 8 B12, Tl citrate and yeast extract
MAC =5 g/l
Result concentration in pg/l.
SITE WATER 364
Time MSLR M8LD MSLE MS8LF
0 374 . 5
0.04 3j
0.08 3
1 506 nd. - nd nd.
3 503 - nd n.d. nd.
7 490 nd. nd. | nd.
15 526 n.d. nd. nd.
28 495 nd. nd. n.d.
M8 YT
i CARBON TETRACHLORIDE MDL.= 0.001
1IPQL =0003 |
600

CONCENTRATION (igll)

100t ~&=-MBLR
R e 3 L3 -} r3 4 + e
0 10 1§ 20 25 30

~ TIME (days)

‘ .
| )
i ]
" I T R EE ar an BN N N S BN aE e N B I N EE |
:



|

TETRACHLORORETHENE (PERC) Microcosm 8 B12, Tl citrate and yeast extract
Result concentration in ug/L
SITE WATER 6
Time MS8LR MSLD  MSLE  MsLF
0 4 3
0.04 2
0.08 : 1
1 [ nd nd n.d
3 6 nd nd nd
7 4 nd nd n.d
15 6 nd nd n.d
28 8 nd nd nd
[Me_] TETRACHLOROETHENE (PERC)  |MDL=003
10 Fivey o Sunnn ivnuviese o sesniasrssissuvsnss wassesveRvssseesIO IR ITEFY,
9
é s e
z 7 —=M8LD
2 ~3¢—MBLE
g s annfon MBLF
E 4 » MBLR
e 3 ~5—MBLA
S 2 ——MDL
XN e P QL
0 . o annsanajsnonseontn .
0 5 10 15 20 25 30
TIME (days)




1,1,2- Trichloroethane

Result concentration in pg/L

Microcosm 8 B12, Ti citrate and yeast extract

SITE WATER
Time MSLR  M8sLD M8LE MsLF
0 nd. 7
0.04 n.d.
0.08 nd.
1 nd. nd. n.d. nd.
3 nd. n.d. nd. nd.
7 n.d. nd. n.d. n.d.
16 nd. nd. n.d. nd.
28 n.d. n.d. nd. nd.
o “IMDL =6.0
M8 1,1,2-TRICHLOROETHANE PQL =18
20
18
16 1 —3—MBLD
3 144 —3%=-MBLE
§ N— ' E
é 2t —o—M8LR
10 + -’—-_—-MDL
E a4 ——-e
o o
=
8‘ [ o
4+
24
0 St + O T + £5—38
0 5 10 15 25 30
TIME (days)

|
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TRICHLORORETHENE (TCE) Microcosm 8 B12, Tl citrate and yeast extract
Result coricshtration in pg/L ‘

SITE WATER 197 86

Time : MSLR MSLD  MSLE M8LF
0 .

0.04
0.08
1
3
7
15
28

PQL =024

M3 TRICHLOROETHENE (TCE) MOL=008

180 1

160 L4

8 B B

CONCENTRATION (g/L)
@
o

TIME (days)




CHLOROFORM Microcosm 8 B12; Ti citrate and yeast extract

Result concentration in ug/L

SITE WATER 20
Time M8LR msLD MSLE M8LF
0 18 12
0.04 : nd.
0.08 n.d.
1 nd. nd. nd.
3 nd. n.d. nd.
7 nd. nd. nd.
15 nd. nd. nd.
28 nd. n.d. n.d.
Ms 1 ' ~ CHLOROFORM MDL= 0.09
SE— : PQL =0.27
40
35 ¥
3 Se—WBLE
= . ® i MBLF
= ! —a-=MBLA
E —MDL
o J—. 1§
8 # MSLRd
o 5 10 15 20 2 30
TIME (days) -

|




DICHLOROMETHANE

Result concentration in pg/L.

SITE WATER

Time

0]
0.04
0.08

1

3

7

15
28

<PQL

Microcosm 8 B12, Tl citrate and yeast extract

MAC =5 ug/L
<PaQL

MBLR M8LD MSLE M8SLF

nd. 44

33
24
nd. nd. nd. nd.
n.d. nd. nd. nd.
nd. nd. nd. nd.
nd. nd. nd. " nd.
nd. nd. nd. nd.
o DICHLOROMETHANE MDL=1.3
' PQL=239
50
45 —=-MaLE
- 40 —o—Ms8LR
535‘ semsmmevs PQL
éao & MBELRd
2 0 | —#=M8LD
§ - MBLF

20 4 :
g1s

10

5 Saehaenusenannananss

o;uk-—a oo SRR - ST s

5 10 15 20 25 30
TIME {dayg) _




¢is-DICHLOROETHENE 4 Microcosm 8 B12, Tl citrate and yeast extract MAC = 70 pg/L
Result concentration in pg/L

$ITE WATER <PQL : <PaL

Time MSLR MsLD  MSLE  MSLF

15 ' nd. 207 207 30
28 _ nd. 211 208 218

Ms ¢is-DCE PQL = 19

~-6~MBLE
.. MBLF
~36~-MELD
-G~ MBLR
——MDL
_# M8LRd

od T —— —
0 5 10 15 2 25 %
TME@ayy




Trans-DICHLOROETHENE Mlcrocosm 8 B12, Ti citrate and yeast extract ‘ MAC = 100 pg/l.

Result concentration in pg/L

SITE WATER <PaL
Time
0
0.04
0.08
1
3 d.
7 : , nd. 121 109 111
15 ' nd. 95 413 a7
28 nd. a3 94 a5
M8 trans-DCE MDL=5.8
: PQL =18

g 0- —3—MBLE
= oo MBLF
|°= —x—M8LD
=8—~MSLR

60 +® M8LRd
= omeanare MDL
8 wf wemn POL

20+

0 B oy + ' o

0 5 10 15 20 25 30
TIME (days)




N [ ] ] . [ |
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VINYL CHLORIDE (VC) Microcosm 8 B12, Tl citrate and yeast extract
: PQL =11 pg/L
Result coricentration in pug/L.
SITE WATER <PQL <PQL
Time M8LR M8LD M8LE M8LF
0 nd. 11
0.04 24
0.08 26
1 nd. 34 27 25
3 nd. 27 18 15
7 nd. 28 20 14
15 nd. 28 18 14
28 nd. 29 20 16
Ve
40
35
3* ==
i 25 sscirens MBLE
2 —%—M8LD
g2 e —&—M8LR
E fl—wpL
g" sees PQL
8 I e 4_MSLRd
54 L .
oi—»—&. e e < i < Toimied
0 5 10 15 20 25 30
TIME (days)




CHLOROMETHANE

Result concentration in ug/L.

SITE WATER

Time

Y
0.04
0.08

1

3

7

16
28

<PQL

Microcosm 8 B12, Ti citrate and yeast extract

<PQL
M8LR M8LD
nd. 21
nd. 34
nd. 21
n.d. nd.
n.d. 13
n.d. nd.

May be not chloromethane - need MS confirmation

M8

CONCENTRATION (pg/L)

Chloromethane

MSLE MSLF.
37 . '
30
88 94
43 52
47 48
39 39
n.d. 37
MDL=6.3 ]
PQL= 19
~-3—MBLE
sesobree MBLF
—x—M8LD
& MBLRd
—5—M8LR
——MDL
onemeee PQL

10 15 20 25
TIME (days)




METHANE Microcosin 8 B12, Ti citrate and yeast extract

{- _ - ‘ -‘

SITE WATER <PQL <PQL
RESULTS in ppmv
Time ' M8LR MsLD M8LE M8LF
0 nd. nd.
0.04 ' 5
0.08 8
1 © nd. 48 42 43
3 nd. 46 42 41
7 nd. 48 45 42
156 nd. 57 57 45
28 nd. 98 74 72
M8 "|MDL=2
Methane (nmoles) PQL=6

15
Time (days)




ETHANE Mlcrocosm 8 B12, Tl citrate and yeast extract
SITE WATER <PQL _ . <PQL -
Resiults in ppmv I
Time MBLR M8LD MSLE M8LF
0 . nd. nd.
0.04 . nd.
0.08 n.d. !
o1 n.d. 3 4 4
3 ' . nd. 8j 5j 6j
7 nd. 4 8j 7i
18 n.d. T4 6j 7] I
28 : nd. 3j 4 5§

e—-M8LF




ETHENE

SITE WATER

Time

0
0.04
0.08

1

3

7

15
28

Result concentration in pg/L

<PQL

Microcosm 8

Results in ppmv

B12, Ti citrate and yeast extract
<PQL

MSLR M8sLD MSLE
nd. n.d.

3j

nd. 7 7]

nd. §j 11

nd. 13 18

nd. 14 21

nd. 9 14

MsLF

4

13
21

15

nmoles

Ethene (nmoles per microcosm)

10

15 R
Timo (days)




ACETYLENE Microcosm 8 B12, Tl citrate and yeast extract
SITE WATER <PQl. <PQL
Results In ppmv
Time M8LR MsLD M8LE M8LF
0 n.d. n.d.
0.04
0.08 n.d.
1 nd. nd. h.d. n.d.
3 . n.d. nd. nd. nd.
7 nd. nd. n.d. n.d.
15 : nd. nd. nd. nd.
28 -~ nd. nd. nd. n.d.
— ’ MDL =35

nmoles

o -~ N W & 0 O N

' Time (days)

- ?-*



N EBE

Volatile Fatty Acids - M8
Citrate
cone. (mgiL)
day MBLD MBLE  MSLF
¢} 6679 6474 6678
1 2507 1367 1627
3 nd. nd. 830j
7 nd. nd. nd.
15 n.d. nd. nd.
28 nd. nd. nd.
Lactate
conc. (mgl)
day MBLD  MSLE  MBLF
0 nd. nd. nd.
1 nd. nd. nd.
3 nd. nd. nd.
7 nd. nd. nd.
15 nd. nd. nd. .
28 nd. nd. nd.
Formate
cone. (mgit)
day ‘MBLD  MBLE- MBLF
' 0 38 50 46
1 603 957 982
3 936 943 1051
7 722 832 261
15 726 743 013
28 309 are 654
Acetate
conc. (mgh.) )
day MBLD MBLE  MBLF
o 344 873 285
. 1 2554 3842 - 3879
3 4958 4265 4335
7 4585 5089 4913
15 4444 4992 4768
28 4941 4374 4501
Propionate
conc. (mg/h)
day M8LD  MBLE  MBLF
0 2685 269 24
1 408 375 as9
3 414 301 267
7 313 308 202
15 364 370 310
28 494 391 408

Titanium
day

MBLE
200

M8LF
202
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