
’ 
"§g?.?'.°~“m 

t -‘ x.
. 

#5, 
'«

A

K 

‘é,. 
.7’ 

'~ 

§‘
5 “. 

E»

" 

3vn‘;;;



Treatability study of the Graces Quarters Contaminated Aquifer using" 

Vitami.n B12-Catalyzed Reductive Dechlorination Part 1.: Microcosms 

Final Report 

April 10, 1999. 

N\NYL\ Cont \r-\= q0\ .~ 99% 
Prepared by: Suzanne Lesage, Ph.D., 

Kelly R.‘ -Mi_llar, M.Sc., 
Susan J. Brown, B.Sc., 
Helena Steer, B.Sc. 

National Water Research Institute, 
867 Lakeshore Rd., 
Burlington, Ontario

' 

L7R 4A6 Canada 

For‘: Dames & Moore Inc 
849 International Drive, Suite 320 
Linthicum, MD 21090



MANAGEMENT PERSPECTIVE 
' 

Title: 

Author(s): 

NWRI Publication #: 

Citation: 

EC Priority/Issue: 

Current St'at‘us.:‘ 

Next Steps: 

Treatability Study of the Graces Quarters Contaminated 
Aquifer using Vitamin B12-Catalyzed Reductive ‘ 

Dechlorination. Part 1: Microcosms. 

S. Lesage, K. Millar, S. Brown, and H. Steer 

Report to Dames and Moore subcontract number BAL-Sa019'8- 
0121 on U.S. DOE contract DEAC05-84OR2l400 

This work is being conducted under the “Clean Environment” 
issue. The paper presents the results of a contract obtained from the 
U.S. Department of Energy. through Dames and Moore Inc. to 
conduct a treatability for groundwater at frorn Graces 
Quarters, Aberdeen Proving Ground, a U.S. research 
facility in Maryland. This contract was obtained to test the vitamin 
B12 technology for the remediation chlorinated compounds, for 
which a patent was received last year. E 

The rnierocosrns study is complete. It was followed by a column 
test which is a separate report.

' 

This work was conducted as part of a larger feasibility study to 
evaluate all existing technologies at the site. The results were very 
positive and the technology has been selected for a pilot scale 
study to be conducted at the site. The project, which is in the 
planning stage, will be conducted by Dames and Moore, with our 
technical advice. 7

.

i



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 tetrachoroethene. This paper describes a laboratory 
treatability study consisting of eight treatrnent conditions conducted with aquifer material and 
contaminated site groundwater from Graces Quarters, Aberdeen Proving Ground, The purpose of 
the study was to look at the effect of combining the use of ‘vitamin B12 and citrate with various 
carbon sources to evaluate the combination of chemical and biological treatments. The site groundwater 
is contaminated with a mixture of l,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/1'), titanium citrate, and glucose"; (5) glucose only; (6) vitamin B12 (10 
mg/l), titanium citrate and glucose, with 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 pig/L) or less contaxninjated 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 .microcos’r”n condition. In addition to monitoring for the chlorinated 
hydrocarbons, the microcosms were monitored for titanium, methane, ethane, ethene, acetylene, glucose, 
citrate, lactate, acetate, and propionate.

A 

This series of experiments showed that the vitamin B12/titanium citrate reaction was effective in treating a 

all the compounds initally present in the site groundwater. 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 l,l,2,2-tetrachloroethane degradation were _c;z's- and trans-DCE, which 
remained above their acceptable concentration after 28 days. Some vinyl chloride ‘was 
fonned, but did not -persist. First order reaction rate constants were not dependant upon contaminant 
concentration. The addition of titanium citrate alone, without vitamin B12, did degrade the chlorinated 
methancs and ethanes (but not the ethenes), but at a much reduced rate. The 'y—irradiated control showed 
that most 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 degrading all the 
contaminants. The degradation of glucose under these anerobic conditions produced large amounts of 
CO2, which contributed tothe 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 B 12 as part of an ‘integrated chemical/biological 
treatment train was being envisaged because of the suitability of the contaminants at the 

site for the vitamin B12-e catalyzed reaction. 

In this project, cornbinations 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 

from 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 contaminants with titanium citrate with and without vitamin B12 and in 

combination with carbon sources to deter'mi'ne the. possibility of natural attenuation after 

the chemical treatment. 

In the vitamin B12/titanium citrate process, vitamin B 12 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 consumed 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 (T CE). 

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.



I 

Ti‘ 

Reductive dechlorination may be caused titanium citrate alone or be catalysed by
I 

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 B 12. The ethenes are much lessireactive and 
require the presence of vitamin B l2. 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 HCl may occur with the chloroethanes. 

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

~reme‘diation using an integrated chemjical/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 ableto proliferate down gradient. The vitamin B12 treatment has been 
shown to be non-toxic and compatible with the growth of anaerobic bac't'eria (Lesage et 

al., 1996). This integrated approach is expected to reduce the cost of treating a plume. 

C:\my _docu'ments\B12\niicrocosiii liiiali rep‘oI1.doc 6 S. Lesa.‘ge Nwm 
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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 experimental methods are described in details in the Work Plan and will only 
be summarized here. 

The mi‘crocosms 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 treatment, 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 SR1 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 citrat'e. Glucose itself was tested using an Encorem 
glucometer . 

C:\my documents\B_l2\mic_mcosr_n final report_.doe 3 S. Lesrlge 
I NWRI 
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Table 1: Experimental design- Microcosms. 

Treatment. Purpose Chemical Analyses and 
(Each at 2 substrate Schedule 
Qoacetttratigns) 
i.vitamin B12 (10 mg/L) 
with titanium citrate and 

optaiinal treatment 

glucose, 
b _ _ 

2. titanium citrate and control for reducing ays: O, 1, 7, 19, 29 
glucose conditions 
3. titanium ci_t_rate and yeast 
§Xtr.aC.C 

to promote methanogens Days: 0, 1,4, 16, 28 

4. ys-irradiated with vitamin 
' ‘B 12, titanium citrate and 
glucose 

uabiotic control ' Days: 0, 1, 3, 7, 16, 28 

5. glucose lékiologicalaly active control Days: 0, 5, 14, 27, 43 

6. vitamin B12 (10 mg/L) 
with titanium citrate and 
glucose. Yeast extract after 
2 days._, _ . 1 

Iestahlish a :m_ethanogen_i_c 
population after TeCA has 
been reduced by B12 

7.‘Alternate ateiatiggswam 
Vitamin B 12 

- hopefillly not as easily 
biodegraded as citrate 

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

with titanium citrate and 
east e>..<.t,'.rac.L_ __ 1 . . 

8. vitamin B12 (10 mg/13‘ similar to 3, but with vitamin 
B12 - again to promote 
methanogens 

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

C:\my _documents\Bl2\micr_ooosm final rcpo_1_1.dpc 9 
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III. Results 

1. Preliminary experiments 

Before beginning the actual experi_ment_s, it was nece_ssary to establish the amount 
of titanium necessary for the reduction 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 c‘itr'ate alone on carbon tetrachloride and 

TeCA;._ It was therefore nec'essajry 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 
tenn 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 colo_rimetri_c test- strips. The aquifer material was judged as being sufficiently 

reduced when the supe_rnatant contained less than 50 ppm Fe‘. T_his required six rinses with 
30 mM Titanium (III) citrate on average. Based on the very high reducible Fe content of 
the aquifer material, a filll 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, because combined chemical/biological treatment 

scenarios were to be evaluated. 

2. A/licrocosm V1 (titanium citrate, 10 mg/Z vitamiiz B.12 and glucose) 

The purpose of microcosm l was to see the effect on the site water of the vitamin 

B 12/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 ex~p.eriment‘s. 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 chlorofonn, 
dichloromethane and chloromethane were apparent on day 0, but had disappeared by 

l 0 
C:\my documen1s\l3l—2\m'ie_roeos_m lingil r«:por_I.doc S. Lesage 

NWRI 
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day 1. Tri_chl_oroeth‘ylene 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 account for all the TeCA and 
PERC and TCE transformed within experimental error (400 from 450 n'rnoles'for the low 
site water). For the high site water, approxi_mately 1000 nmoles of product were obtained 
from 1400 nrnoles .(sum of TeCA, PCE and TCE): No significant amounts of 
1,1,2e-trichloroethane and chloroethane were found. 

The half—lives for TeCA and carbon tetrachloride cannot be calculated because 
more than 90% was degraded at the first measurement. It is therefore estimated tobe less 
than 5 minutes, the time usually taken for mixing and equilibration after the addition 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 surrou,ndi'ng aquifer. 

Afier seven days, the gas pressure increased significantly within the microcosms 
because of the formation of CO2, a product of glucose biodegradation. It was necessary 
to vent the m_icrocos_ms 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 ofien 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 ofthis was expected from the sterile

A 

control (see Microcosm 4 below). 

1 l
' 

C:~\my doctImenls\Bl2\rnicmco_.\'nt final reporLd_o_c 5- 1-9.5.1189 
NWRI 

O4/O9/99



- 
’ Summary" M’! a 

“zone. mo ~ 
71:

' 

‘ 1 um. (mo: 'mmAct«.oRonzmsue qrency 
‘um I 

TETRACMLOROETIIIMIE Mm _ 5., °“‘°°“ 7E"“°"'~°'“°3 ml jam =n V 

K 

no 
Hanoi 

tool *5”
‘ 

‘ E § . 

3*”; 
:2; 540 gm suo E . 

zgout ‘ 3 4 z M _
S 

3800: 8 82”, 
4oo 

290 ' 

1o 
zoo 

° L- - 
. . - o"\. .. _ . - o ., ‘: : ' 

o ‘s o - 

' ' " 
;

' 

1 

nmxinn 
20 25 3° ° 5 "3 ma IE”) 3° 15 3° ° 5 1° Vllfiv-iml 2° 25 3° 

no mo_ 
,

. 

; 

- mlcnuanonzncalztmn MOI.-Ml 

E 35°” 
L $59 S 

2-400 

E40 3- ‘ 

gm‘ 
‘ 

gm 
§ 5 o zoo 

0 3 " »o_ 
o 5- 1o - 15 2o 25 so 

"ME(4IvII 

250
> 

’ MDLE L3 
POI.-1! 

, 
50

i 2°" 
_ 

3 . 

:_:. I 

Q ; 3
. 

§‘° .5
O = E“ 
E» 2* 

.- § 3°
3 
5”: 

, so,
, 

o n - ., 
v ' 

0 = = II 
n 5 =10 “Egg,” 2o 35 an o - 5 10 fldiafl - 2o 25 so

I 

.'—I-M1HA —n—M1HB'-O-‘M1HC '—u—M1LD —u—M1LE ——9—M1LF ->9-—M1aHR —e—M1aLR -—-MDL 0 DUP

I 

Figurez «



Summary M1a

~
~ 

I , 
I5‘ 

70 um-s.o . 

1.1.2-mcmonoemnua rm. = so ‘ chloromethane :3: 5’ “ 

so 
,5 1: 

‘ 
I 12 

__ 
' n 

‘’ g" 10 

5' E I 

. 0 IE I 
g. 

E
9 

K 
3 

:5 . 1
a U

3 5°‘ 5 

2o 
" 

3
4 

' 3'. 

1o 5, 15 

1
. 

_ 01 - - ' 

. nmeways) n 5 1o 11me (days) 20 :5 -so 

45 ‘Ethane (nmotes

~~ 

:0 

5 5 '5“ 

.15 

‘O’ 
. 

- 

> 

, __ 

I. 

A," .3’ 5 ' 

I 

as

I 

" 5 
nmefdays) 

2° 3’ 3“ 5 1o nmefaays) 20 as so Ilmaufays) 

—u—M1HA —.A—M1HB -0-M1HC —l-M1LD —It—M‘ll£E -—I-IWILF —a—M1aHR '—e—M1aLR --—MD|.. -—-PQL 9. DUI’! 

Figure 2»



moo .. _Q52¢__:§itmte__ 
' mm i am ems:~ 

‘-0’-M1,: -a—M2 _._m q,,_ 

o 5 10 15 2o 25 so 0 ,0 1° 
' 

,'3o 

“ME.l'!3Y9) 
. 

“NE. (“Vii 

ézc GLUCOSE ,.._. cm GLUCOSE~ 
25

NO 

coucEu'rnA'rio‘u 

(mgIL) 

CONCENTRATION 

|mglL) 

3 

—A 

O 

In 

0. I‘ 
o 10 2o,.,m.,;,i,,,3o 40 50 

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

The biological activity in the microcosfms was monitored by analyzing for glucose, 
citrate (Figure 3) and the volatile fatty acids (Figure 4). Formate and acetate were 

produced immediately, 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 meas'u'rable by the glucose meter. Lactate 

appeared after thesupplemen_tation_ at day 15, when glucose became ser_iously depleted 
(from 20 ‘to <1 M-icrocosm MlaLF 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 
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supernatant was saved and transferred 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 endiof 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 theabiotic 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 ofincubation show the color changes that 
accompany the redox status of -the microcosms. 

At- the end of the experirnent, a GC/MS analysis was conducted to confirm the 
absence of TeCA and the quantity of VC lefi. The TeCA was below 1 pg/L whereas the ' 

conce_nt_ration of vinyl chloride varied from 1.1 to 4.3 pg/L (fiill results in Appendix A). 
The GC/MS analysis also revealed the presence of several metabolites of glucose 
(heterofertnenjtative pathways): acetaldehyde, ethanol, acetone, butanol and three esters of 
butanoic acid (ethyl, propyl and butyl). These peaks were probably the cause ofthe large 
unknown "peaks seen in the FID. There was also some butene, a compound that has been 
observed asa product of the.Bl2 red_uction of PERC and TCE. 

In summary then, the vitamin B12 with titanium citrate converted c'a‘rbo'n 

tetrachloride completely to non-chlorinated products. TeCA, PERC and TCE were mostly 
converted to cis and tzfans—DvCE, with some VC, ethene and ethane-. 
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Figure 5. Microcosms 1_'a. Beginning and after 28 days. The small bottle is the 
supernatant of}? that exploded. 

3-. Microcosm 2 (titaniunr citrate and glucose) 

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 degraded 
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. TejCA was also degraded 
with the" concurrent formation of cI_'s- and trans-DCE, but at a much lower rate than in the 
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presence of B12 (half-life of 2.3 i 0.3 days for the high level water and 2.6 i 0.4 days 
for the low level). TeCA was transformed to cis and trans-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. Nonetheless, 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 venting. 

Indeed, similar to what had been observed for M 1, glucose was degraded to CO2 which 
i 

had to be vented. This effect is very evident for methane, and somewhat less dramatic for 

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 

eth_e_ne;s, 

Glucose consumption (Figure 3) was comparable to Mla however there were 
generally lower amounts of VFAs produced, except for formate which was generated i_n 
concent_rat_ion_s double those found in the Mla series (Figure 4). Acetate p_roduction, on 

the other hand-, was delayed and not detected until day. 19. Lactate concentrations were 

lower than in Mla, 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 pI_-I of'6.4 as compared to 5.5 in Mla. CO2 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 
Mla and M2 microcosms, apart from the vitar"nin B12 addition, was the amou_nt of titanjium 
added. Mla rnicrocosrns 'contained an average of 20 mM titanium, 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 Mla, the oxalate had a shorter reaction time with the titanium 

metal. To prevent further inconsistencies in fixture 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 efiect on the 
. 
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indigenous microorganisms hence lower CO2 production and decreased concentrations of 
acid r_ne'_ta_bolites. 

In summary th_en, the presence of ‘vitamin B12 was essential to achieve the 
degradation of chlorinated ethenes and to the "complete degradation of carbon 

tetrachloride. 

4. 
V 

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 CO2 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 ofTeCA was 
similar to M2 (half-lives 2.4: 0.6 days for the high concentration and l.7tvO.8, for the low 
concentration site water). Similarly all the carbon tetrachloride was transformed to 
chloroform within l day and to dichloromethane within the following sampling. 

Dichloromethane was not degraded fiirther. Cis and trans-DCE appeared concurrently and 
this coincided almost exactly with the disappearance of TeCA. The production of vinyl 
chloride was only evident afier 15 days. There was no degradation of TCE, but some 
PERC was lost inthe high level microc‘o’sms after 15 days. 

As predicted, without glucose amendments, citrate was degraded rapidly to less 
than PQL by day 1 (Figure 3). CO2 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. 

_ _ 2 I 
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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 trans-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 not occur even within an extended period. This led to 

residual concentrations of dichloromethane, "P-CE. TCE and vinyl chloride. 

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

The_'p'urpose of microcosm 4 was to be able to differentiate between the chemical 

and biological components of the dechlorination reaction and to provide an enviromnent 

where no CO2 would beproduced and therefore where losses to the gas phase would be 
minimal. A preliminary sample of soil, site water and reagents was sent to the irradiation 
facility at McMaster University (Hamilton, Ontario) to see the effect 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 

sterilizing the site water and respiking contaminants, or irradiating the soil but filtering the 

site water were considered—. The la_tte_r/rnethod 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 pm filter. All transfers were 
made in a laminar flow‘ hood. In addition, to prevent contami‘nation during sampling and 
GC analyses, the syringe needles were rinsed in pure ethanol. 

The results (Figure 8) in the first few days were very similar to those in Mla, 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 obtained for carbon tetrachloride high only 

(21 Ihin), 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 whole period, there was no degradation of trans-DCE, a little of cis
V 

and slightly more of vinyl chloride. The apparent low results for cis-DCE of the M41-IA 

bottle seems to be an analytical anomaly, because, as can be seen 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 B after 7 and 15 days respectively. 
No losses in citrate were observed over a 28 day period, however by day 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 "I‘i(II‘I_)-citrate, hence the increase 

in citrate noted on day 16. Sterility appeared to be maintained in all but two of the 

mic'roc‘osm_s, M4LD and M4_LE, in which glucose degradation products, acetate and 
formate, were detected by days 7 'and'28, respectively.» ‘Lactate was not detected despite

' 

the complete removal of glucose, In addition, CO2, was measurable solelyin M4LD and 
M4LE. 

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. 

27 
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. 

The results are shown on Figure 9. As_ expected, for the first few days, no reaction 

occurred. After l4 days a flocculate type growth was visible in the microcosms while 

glucose concentrations were beginning to decrease, with consequent production of lactate, 

acetate, formate and CO2. As these microcosms were meant as a control for chloride, 
glucose was re-sp‘il<'e'd at day 1.5 in accordance to its addition to Mia and M2 .m_icrocosm,s. 
It appeared however, that bacterial activity was lost shortly after this time as glucose 

concejntrations remained stable over the next 28 days. This cease growth. was likely a 

result of inhibitory low pH values as the initial pH of the site water, 5, droppec_i to 4 by day 
14, and between 3-4 by day 28. 

After 14 days, the concentration of carbon tetrachloride started to drop with a_ 

concurrent increase in chloroform. There was no effect on any of the other c,hlori_na_ted 

compounds and the chloroform was not degraded fiirther, even 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 (vitamin B12, titaniilm citrate and glucose, yeast 
extract added after 2 days) 

The purpose of this treatment was to try to induce methancgenic conditions afier 

most of the chlorinated ethanes had been removed by the vitamin B12 treatment. This was 
to verify ifthe lack of intrinsic remediation at the site was due to the toxicity of some of 

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

methanogens has been well documented. 

Therefore for the first two days, the conditions were virtually ‘identical to those in 

Mla, 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 tetrachloride, chloroform and PERC disappeared within hours, and the TCE within 
one day. The measured half-lives were l5 and 48 min for PERC in the low and high site 

. . 
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water and 2.4 (low) and 3.5- (high) hours fo'r_TCE. Therefore, when yeast extract_ was 

added, there were only cis and trans-DCE and vinyl chloride lefi to degrade. 

The added glucose in M6 was sufiicient 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 CO2‘ 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 formate 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, over 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 B12, 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 hopefiilly 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.
i 

The method that was used to make up this solution was different than 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 suflicient to transform all the TeCA to TCE. The half-life of TCE was

A 

2.3 i 0.8 days. The disappearanvce of carbon tetrachloride was too rapid to be measured 

(half-life < 5 min.) and that of PERC was 70 min. Very l_itt_le vinyl chloride was formed and 

-32. 
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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 chromatography methods, its degradation 

could only be assessed by the appearance of degradation products that "were nieasuirable. 

Reducing conditions were maintained throughout the 28 day analysis period with the 

supernatant remaining dark and clear with visually no evidence of bacterial growth, such 

as clouding of thesupematant 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 structure, this 

product is expected to have low toxicity and would be an excellent alternative to cit_rate._ 

Because it is a metal chelating agent, however, there may be res"tric‘tions in its usein some 
areas because it could mobilize toxic metals. However, it is not 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 rnicrocosrn 3 had 

generated some methane but that the dechlorination was relatively slow. Since it is known 

that the anaerobic bacteria responsible for dechlorination require vitamin B12 as a growth 

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 

tetirachloroethaane that may have i_nhibitory 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 tran_s-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 i 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 afier 28 days was not higher than in M3 and could still all be attributed to the 
degradation of carbontetrachloride (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). CO2 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 uti_1,izing 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-_m_icrocosm reaction_.s' 

Afier theend of the incubation period, the supernatant was transferred to 40 mL 
volatile vials and 10 ml.s 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 SR1 GC, and to identify other compounds formed. 

Afier a 11 days, the hcadspace was sampled again and analysed for cis and trans- 
DCE using the Photovac. The results are therefore semi-quantitative. In many of the 
bottles ofM1a', the ratio of trans/cis DCE had decreased 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, trans-DCE was at the detection limit in one of the bottles, A month 
later, cis and trans“-DCE had disappeared completely. This d_id not happen at the same

' 

rate in all the micirocosms. The same phenomenon was observed in M4. After 45 days, cis 

and transaDC'E had decreased in M4LF and M4HB. Two weeks later their concentration 
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 disappeared. The Eh was negative in 

all of them. There was no correlation between the concentration of the fatty acids and the 

disappearance of ci;_s' and ,trqns-DCE. It is therefore possible that bioremediation will occur 

in the aquifer after the vitamin B12 treatm'ent, The column experiments will provide a 

better indication of this possibility. 

IV. Conclusions 

This series of experiments showed that the vitamin-B12/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 cispand trans—DCE which remained above their ma_ximu_m acceptable 

concentration after 28 days. There was no difference in reaction rates between high and 

low site water. The addition of titanium citrate alone, without vitamin 1312, did degrade 

some of the contaminants, but at a much ‘reduced rate. The 1/Qirradiated control showed 

that most of the dechlorination observed was abiotic. The degradation of glucose under 

these anaerobic conditions produced large amounts of CO2 , which contributed to the 
removal of some of the chlorinated products. 

. 
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Microcosm 1a 

Vitamin B12, titanium citrate, glucose 

llllicrocosm 2 

1itaniu.m citrate. glucose 

Microcosm 3 

'fita'niu'm citrate, yeast extract 

Microcosm 4 

irradiated, vitamin B12, titariium citrate, 
glucose. 

Microcosm 5 

Glucose 

Miicrocosm 6 

Vitamin B-12, titanium citrate, glucose, 
yeast at day 3 — 

illlicrocosm 7 

Alternate chelator and titanium, vitamin 
B12 

Microcosm 8 

Vitamin B12, titanium citrate, yeast extract



~ ~ M'1’Hc M1 aLFI ' 

601 

n.d. 
n.;:L 656 
n.d. 

Tetrachjoraethana (T eCA) I_M_c_rqco;;m 1_a
_ 

Result concentration in ug/L 

SITE WATER 2114 

‘nma M1HA M1HB 

n.d. 

n.d. 
n.d- 

n.d. 
n.d. ~ 

5.95 

M'1'LD 

n.'d_T 

n.d. 
n_.d. 

n.d. 
n.d. 

M1 LE 

n.d. 

M1LF M1aLR 

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

n.¢_n 

n.d. 

TETRACHLOHOETHANE 

OONCENTHAT 

‘Page 1

~



~ 

Carbon tetrachloride Microcosm 1a 

Result concentrafion in pg/l_. 

SITE WATER 904 364 

Tums M1al-IR M1 HA M1 HB M1 HG M1aLR M1 LD M1 LE 
0 825 4.1 319 n.d. 

0.04 n.d. n_.d,. 

0.08 n.d. 
__ 

1 1029 n.d. _n_.d_. n.d. 435 n.d. n.d. 
3 1055 n.d_. n.d. n.d. 421 n.d. n,.d_. 

7 1035 n.d. n.d. n.d. n.d. n.d. 
9 344 
15 1004 n.d_. n.d. n.d. 378 n_.d, n,d_. 

30 1017 n.d. n.d. n.d. 398 n.d. n.d. 

M1a 
_ V 

CARBON TETRACHLORIDE MDL = 0.001 

12.90 W 
1 000 

800 

CONCENTRATION 

(ugIL) 

TIME (days) 

'30 

M1LF M1HRd M131-Rd 

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

n.d. 
n.d. 

1 024 

390

l



TETRACHLORORETHENE (PERC) Microcosm 1a 

Result concejntrafion in pg/L 

SITE WATER 35 
K

6 

Tame M1aHR M1_aHA M1aHB M1aHC M1aLFl' M1aHD M1aHE M1aHF M1aLR 
4 5' 

. .4 

n.d. n_.d_., n.d. 6 n.d. _. _. . 

n.d. n.d.. n.d. 5 n.d. n.d. n.d. 
n.d. n.d. 

_ 
n.d. n.d. n.d. n.d. 

n.d. n.d. n.d. n.d. n.d. n.d. 
n.d. n_.d. n.d_. n._d_. rfi,d_. n.d. 

V‘ " "‘ ' .1". . . 

""7 Q. "I." .' , '_ T" "' -g."_:_'r'L'.'f_ V. 

TETRACHLORORETHENE (PERC) MDL — 0-0? 
70 .... .. . ..... .:..:: ........ _. _.. . . ..

V 

o 5 

0 : ‘
E3 

o 5 10 15 20 2'5" 50 
TIME (days)



1,1,2- Trichloroelhane Mlcrocosm1a 

_R_e_s_u_lt concentration in "pg/L

~ 

V 
SITE WATER 

Time - M1aHR M1HA M1HB M1HC M1aLR M1LD M1LE M1LF M1a_LBd 
0 n.d. 71 n.d. n.d. 

0.04 n.d. n.d. 

0.08 n.d. n_.d_. 

1 n.d. n.d. n.d. n.d. n.d. n.d. ‘ n.d. n.d. 
- 3 n.d. n.d. n.d. _n.d. n.d. n.d. h_._d, 'n_.d. 

7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
9 n-._d_. 

15 n.d. n.d. n.d. n._d. n.d. n.d. _n,d_. rf1.d_. 

30 61 n.d. n.d. n.d. 6] n.d. n.d. n.d. 9] 

L" ’ 

_ 

MDlL=6.'O’ " 

1,1,2-TRICHLOROETHANE PQ|_=_1—8 

75 7 
in 

6,5- 
—--il>*--M.1HA 

.. 55 - “*“"M1”3 
- —r;l——M1H,C' 

é —-as-M1LD 
z 4.5 - --)<-M1LE- 

g --->--M1LF 
< 95 - 'fii"M.13”F' 

§ 
' 

—e-M.1a.La. —-'—MDL 
g 25"‘ pm 
0 vs; 9 WP. .... 0 15 -- 

1 
-- — » 

5 0 1 _ 49 

f—$-——a : : u “"' : : 

-5 . 5 1: . 
-.5 429 25 

TlME(days)



4

I 

E

‘ 

M1aLF M1aHFld M1aLFld

-8 

7THlI:HLOROfiETHENE ('|"c_E) Mlcrodosm 1a 

Result concentration in ugIL 

SITE WATER 197 as 

Time M1aH}'-‘K M1aHA M1aHB M1aHc M1aLFl M1aLD M1aLE 
0 432 269 99 85 

0.94 319 93 
0.05 80 

1 17 6 4 ‘a 

3 n.d. n.d. 
_ 

_ 

114 n.d. n.d. n.d. 
7 _n_._d_.; n_.d, 119 n.d. n.d. n.d. 
9 119

1 

16 437 n.d. n.d. n.d__. 99 (n.d. n.d. n.d. 
30 434 n.d. n,d. n.d. 111 n.d. n.d. n.d. 

M1fa ’fmcHLonorf{E'1HENE (fee) 

no —

E can 

‘E soo~ 
= 51 we a E 
§°°° 

.3

§ 

§ =°° . 0 S 

*?

é 
so 

‘WE (div-') 
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CHLOROFORM Mlcrocosm 1a 

R_esuI_t conoentratioh ih pg/L 

SITE WATER . 71 20 ~~~ M1aHC M1aLR M1§_L;D M1_aLE M1aLF M1aHRd M1aLR~ 18 n.d. 
0.1 

V 
_ 

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

n.d. mi 16 n.d. n.d. n.d. 

n._d. n.d. 1,2 n.d. n.d. n.d. 

n.d. n;.d_. n.d. n.d. n.d. 51 
20 

mi n.d. 1'5 n.d. n.d. n.d. 

n.ci n.d. 
, 

19 n.d. mi , n.d, 

’ 

"i 
W Hm 

MDL= 0.09 Mia CHLOROFORM POL =o_27. 
8° 

I M1,”; 
”” 

7° 
.-.-:-'_£--M1aHB 
-5‘-'éM1aHC 

"‘ -3‘-'M18LE 3 so .~_ M13”, 5 
. -=an—VM1aLo ‘ 5° -5.-.M1aHB 

g 40 ...¢...M1§HRd 

E 9 QUP 
u: 3° —-MDL 
‘2‘ 

. 
-y---POL 

8 20 ~ 

' 

1o 

0 . 

25 so 
TlME(duya)



DICHLOROMEFHANE Mlcrocqsm 1: MAC =15 pg/L 
Result concentration in pg/L

4 

SITE WATER - <PQL <PCl_L_ 

‘fime M1aHR M1aHA M1aHB M1aHC M'1alJ'-I M1aLD M1aLF 
0 n.d. 58 n_.d, 32

A 

0.04 47 25 
0.08 

_ 
31 20 

1 n.d. n,d_. n,d,- n.d. n.d. n.d. n.d. n.d. 
3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
7 n.d. n.d. n»,d_. n_.c_l,.A n.d. n.d. n.d. 
9 V n.d.. 
15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
30 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

_”' "5 ' ‘ “ 
""___‘__:___<’“> 

‘I V“ 
__ _ _ _ 

“"5 DICHLOROMETHANE MDL=*1.3 
PQL = 3.9 

70 ..:-:-:-:: ........ ,. 

__so 
-s

1 

35° -at--M1aL’E 

g 40 2 --2+-e-M1aLF 

_ E -it—M19.LD 
fiao 5;‘ -.-E-M1aHR 
Z _ 

f- --6--M1'aLH 
82° éimpt. 

T|ME'(daY8)



cls-DICHLOROETHENE Mlcrocosm 1a MAC 3 70 pg/L 

Res.u.I.t ooncentratian. in P9”- 

SITE WATER <PQL <PQL 

Time M1aHR M1aHA M1aHB M1aHC M1aLR M1aLD M1aLE M1aLF M1aHRd M1aLB.d 
0 n.d. 257 ' 

n.d. 224 
0.04 392 

‘ 215 
0.08 434 223 

1 n,d,. _ 
535 580 571 . n.d, 260 -251 251 

—3 n.d. 485 429 440 n.d. 211 196 179 
7 n_.d,. 427 481 428 199 - 205 196 n.d. 
9 . 

n.d. 
15 n.d. 284 325 376 n.d. 101 161 135 
30 n.d. 331 317 365 n.d. 149 134 ‘exploded’ n.d. 

M18
I 

.....,.. , 
- / ~~ 700 ~~~~~ ~~ 

M1aHA 
M1aHB 

-O5-M1aHC 
—-x— M1aLE 
.....§.....M1a_|_;: 

' —xt— M1aLD 
—E_--M1aHR 
-e-- M1aLR 
....a,§....M1a|_fid 

:,,,j,.MDl§ 
---—-— POL 

600 

01O ‘O 

So 

CONCENTRATION 

(|)dL)

- 

no 

no 

o 

o- 

c

o 

o

o 

o 5 1o_ 15 20 25 . 30 
TIME (days)



Trans~DlcHLOROETHENE Mlcrocosm 1a MAC = 100 pg/L 
Result cdncéntrafidn in ug/L 

SITE WATER <PQL <PQL 

nme M1aHR M1HA M1HB M1HC M1aLR MILD M1LE M1LF M1aHRd 
0 n.d. 100 

V 

' n.d. 125 
0.04 210 131 
0.03 _ 232. ~ 

_ 

133 
_1 <PQL 240 

_ 
245 233 n.d. 116 123 . 1oo 

3 n.d. 2'00 222 221 n.d. 
‘ 127 93 96 

7 n.d. 
' 

167 179 171 34 93 so n_.d_. 

9 n.d. 
15 n.d. ‘ 92 73 n.d. — 27 S6 37 
so n_,d_. 75 67 92 n.d_._ 27 V29 

M1a 
_ 

trans-DOE . MDL=—5.8 

OONOENTRA1'|0N'(|InIL) 

o - 5 1o 
_»_ 

is 20 25 so 
TIME‘ (days)



M1a|-IA M1aHB 

VINYL CHLORIDE (Vc) 

Result concentration in ug/‘L 

SITEWATER <PQL 

Tune ' 

M1AaHFl 
n.d. 9 

n.d. 46 
n.d. 24 
n.d. 12.1 

33 

48 
26 

13.3 

MIcroeo‘s*m 1a 

M1 a_HC 

26 
‘11.2 

PQL =~11 |.1glL 

<PQL 

M_1a_Ui M1aLD M1aLE M1aLF M1‘aHRd 
n.d. 13 

29 
31 

n.d. 27 ' 28 25' 

n.d. 16 16 18 
9.5} 10.7] 9.5j n.d. 

CONCENTRATION 

mull.) 

TIME (divs)



. 

5

( 

CHLOROMETI-{AME Mlcrqcosm 1a 

Result concentration in pg/L 

SITE WATER <PQL <PQL 

Tums M1aHR M1aH_A_ M1__aHB - M1aLR M1aLD M1aLE M1aLF 
o n.d. 2'9 n.d. 6]‘ 

0.04 29 8] 
0.08 

. 24 6] 
1 n.d. n.d. n.d. n.d. n.d. n,_d. n.d. rm. 
3 n.d. n.d. n,.d_. n.d. n.d. n.d. n.d. n.d. 
7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
9 n.d. 
15 

4 

n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
30 » n.d. n.d. n.d. n.d. n.d. n,d. n.d_-, n.d. 

M13 
ch|o|-q’met_|_fg,an_9 MDL= 6.3 " 

PoL=19 
, 

35 " 
:—a;a:-‘Magma

" 

so -an--M1aHa 
.. —o—M1aHc 
§ 25 -'3i—M1aLE 
; . --e-—M1aLF 
E 20 at-M1aLp 
E -O-M1'aHF|d 
5 ‘5 -r.-E.-,-'M1aHE

_ 

g 10‘ -6--M1aLR 
8 _ 

-—,—-IMDL 
5 ....... ..PQL 

0 H i ii . . R 
5 10 15 2o 25 so 

TIME (days)



M-L .

~

~
~

~~ 

ME‘!-IANE 

SITE WATEFI 

Time M1a_HR 
0 n.d. 

0.04 
0.08 

1 n.d. 
3 n.d. 
7 n.d. 
15 n.d. 
28 21' 

3‘ 

d thaall~ 

<POL 

M1 aHA
8 

166

~ 

Mlcro_cosm1a 

<F’QL 
FlESULTS‘in ppmv 

M1aHB M1aHC M1aLR M1aLD M1aLE M1aLF M1aI_.Rd 
’ 

2_ 13 
18 36 

35 ' 56 
226 249 n.d. 105 _113 120 
.369 38,8 n.d 

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

~~~ 

10 

MDL=2 Methane (nmoles) PQL=6N 

15 20 25 30 

‘X 

m$———mmm—:~



ETHANE Mlcrocosm 1:: 

SITE WATER <PQL ' <PQL 
Results in ppmv 

Time M1 aHR M1_aHA M1aHB M1 aHC M1aLR M1 aLD M1aLE 
0 n.d. 6 ' 

n.d. 1 1 
0.04 6 ' 13 
0.08 8 

1 _n_.d. 15 18 19 n.d. 17 18 
3 n.d. 27 33 ' 

34 n.d. 24 25 
7 n.d. 23 ' 31 '19 n.d. 15 26' 
15 n.d. n.d. n.d. n.d. n.d. n.d. 15 
so n.d. n;.c_I. ‘n.d. n.d. n.d. n.d. 

M1 aLF M1 aLFld 

15 
18 
26 
21 

n.d_. 

n.d. ‘exploded’ 

n.d. 

Ethane nmoles 

o 5 10 
' 

15 20 
Time (days)

~ ~



.... . 

~ ~~ 
E1'H_ENE Mlcfocosm 1Q 

SITE WATER <PQL <PQL 
Results in ppmv 

Time M1 aHR M1 aHA M1aHB M1aHC M1aLFl M1aLD 
V 
M1aLE M13LF M1.3..LRd 

- 0 n.d. 5 n.d. 8 
0.04 

1 

4: 1 1 

0.08 14 
1 19 20 20 
3 36 41 
7 n.d. 
15 26 
so n.d.. 6J'e>'¢=|°ded' 

n.d. n.d. n.d. ~~ Ethane (nmoles) 
rrvv 

0 5 10 
I 

15 20 25 
Time (days)

~



ACETYLENE 

SITE WATER 
Time M1aI-{Fl 

0 n,d_. 
‘ 

0.04 
0.08 

1 n.d. 
3 n.d. 
7 n.d. 

1'5 n.d. 
30 h.d. 

<PQL 

M1 HA 
n.d. 

n.d. 

Mlcrocosm 1"a 

- <PQL 
H 

Results In ppmv 
M1 HB M1 HC M1al,—.R. MILD 

' 

n.d. rLd. 
n.d. 

n.d. 
4 4 n.d. n.d. 

n.d. n_.d. n.d. n,d_. 

n.d. n.d. n.d. n.d. 
n.d. n.d. n.d. n.d. 
h_.d_. _n,d_. n._d. n._d. 

M1 LE 

n.d. 

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

M‘.1LF 

n.d. 
n.d. 

A 

n_._d_. 

n.d. 
n.d. 

‘exploded’ 

nmoles 

oa|o.¢'o:«-m-aasiazro 

Acalylane nmole 

10 
4. 

15 20 
“me (days) 

25 30 

M18.LBd 

n.d.



L-80131.9 
day

0
1

3
7 
15 
so 

FOP")??? 
day

0
1

3
7 
15 
30 

Adefate 
day 

Prapldnate 
day

0
1

3
7 
15 
so 

37u‘~Jfn-éo 

M_1aLD M1aLE MISLF M1aHA MIEHB M1aHC, 
n.d. 

n.d. 
n.d. 
n.d. 
597 
1501 

M1aLD 
38 
123 
190 
427 
64,9 
758 

M.‘‘‘'-‘’.. 

. . 1:8 

1058 

M1 aLD 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.cL

~ 

1365' 

n.¢ 
n.d. 
n.d. 
n.d. 
257 
964 

M1aLE 
n.d. 
53 

1 .14 
298 
637 
759 

M1aLE 
n.d. 
n.d. 
n._d. 

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

cone. (mgIL) 

n_.d. n.d. 

n.d. n.d.- 

n.d. n.d. 
n.d. n.d. 
555 597 
1475 1386 

cam. (ma/L) 
M1'aLF M1aHA 

39 41 
92 65 

205 171 
48.9 42.0 
675 731 
616 702 

com (ttidl-) 
M1aLF M1 aHA 

62 n.d. 

so n.d. 
134 1 18 
379 399 
961 1055 
1541 1100 

cdnc. (rn'g/L) 
M1aLF M1aHA 

n.d. n.d. 

n.d. rm.- 
n.d. n.d. 
n.d. n.d. 
n.d. n.d. 
n.d. n.d. 

n.d. 

mi 
n.d. 
n.d. 
588 
1153 

MIHHB 

182 
375 

681 

M1 aHB 
n.d. 
n.d_. 

r_1,.d. 

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

n.d. 

n.d. 
n.d. 
n.d. 
831 
1588 

M1aHC 

71 
212 
472 
718 

M1aHC 

101- 

375 
1062 
1139 

Miami: 
n.d. 
n-I-1» 

n.d. 
‘n.d. 

n.d._ 

IMI WA: 052?: 

W‘_5.(*V¢ 

M1! VFAS 014 

1600 

14.0.0 

E 11.1 
§‘1 —.—-1.a'1'. 

-<l-whnrrunto 

E 
~--.2--~ncofa1a

8 

.'§§§§§3 

1111: (um)



Titanium 
day M1aLD 

0 14.9 
30 - 20.9 

chloride 
day M1aLD 

0 74.6 
30 31 

Citrate M1 a 
day 

' 

M1 aLD 
0 6846 
1 8219 
3 7582 
7 7007 
15 6866 
30 9743 

Glucose M1 a 
day ’ M1 aLD 

V 

0 18.3 
1 18.9 
3 18.6 
7 14.6 
9 10.2 

1 1 6.2 
» 14 ‘1.7 

16 16.5 
22 14.4 
25 13.4 
28 10.5 
30 12 

N.B. Microcosm M1 aLF exploded over weekend, some of culture supefnatant saved and.trans.ferred.. 

M1aLE 
15.6 
215 

M1aLE 
76.1 
85 

M1 aLE 
6682 
7895 
81 20 
-"7093 
6928 
9375 

M1aLE 
18.5 
19.0 
18.0 
15.0 
10.2 
7.7 
5.1

‘ 

21 
17.1 
14.3 
11.3 
12.5 

to a 60-mL serum via] (no soil present). 

M1aLF "M1aHA M11aH’B M1aHC 

M1 

1 5.2 
21 _.3 

37.-1. 

76 

7925 
7785 
8358 
7300 
7097 
8382 

aHB 
21.0 
19.7 
18.8 
13.7 . 

10.3 
5.8 
1.7 

17.6
' 

13.0 
1 1 .4 
8.6 

oonc. (mM) 

15.3 14.8 
- 21.4 

conc. (mgIL) 
M1aLF M1aHA M1aH'B 

75.6 '82--.6 

= 11.8 

c<.>nc- (m9/L) 
M1aLF M1aHA M1aHB 

4400 7774 
7399 7955 
8155 8068 
7817 7359 
6800 7597 
8618 9221 

conc. (mM) 
M1aLF M1aHA 

21.0 20.6 
19.9 18.2 
19.7 17.5 
14.5 12.6 
102 8.3 
5.2 4._2 
1.9 0.8 

17.5 192 
13.6 14.6 
13.4 14.0 
4.3 11.2 

A 

0 10.7 9.7 

15.0 
19.9 

M1aHC 
85.3 
78 

M1 aHC 
7670 
.8239 
8023 

1 7200 
6932 
9349 

M1 aHC 
21 .1 
19.4 
18.5 
12.8 
6.2 
2.5 
0.0 

18.9 
13.7 
12-.5 
10.6 
10.3 

M1aLR M1aHH 
54.3

5 
57.3 
33 

M1aLR M1a_HF1. 
0.0 0.0



Tetrachloroethane (TeCA) Mlcrocosm 2 (fltanlum citrate + glucose) 

Fi_es_u_|t ooncenuafion in ‘pg/L 

sms WATER 2114 695 
' 

Dup 1''’ 

Time M2HR M2H_A MZHB Mam M2LD M2LE Méu: M2HCd 
1129 914 914 ~~~~ 

16 n.d. 

. 

V 
Mm: 5.7 

TETRAOHL_OROE'|’HANE PQL_=1‘7 

-~§?- M2HA 
-E-MZHB 
.-.-o—_M2Hc 
-1- M2LD 
-X--M2LE 
—§—MZ.F 
-3-M2Hn 
——e-- MELFI 

as M2HCd 
—-—MDL 
---- POL 

'20 25 30 TlME1&Iays)



Carbon tetrachloride Mlcrocosm 2 

Result concentration in pg/L 

SITE WATER 904 364 

Time M2}-IR M2HvA MZHB M2VHC M2_L_R MZLD M2LE M2LF- 
0 1 18 1 17 344 '71 87 74 
1 6 n.d. 408 n.d. 7 1 

5 _. 
V. n_._d_. n._d. V 321 n,d. n.d. n.d. 

19 908 n.d.. n.d. n.d. 376 n.d. n.d. n.d.
' 

29 1072- n_.d. n.d. n.d. 402 ' 

n.d. n.dL n.d. 
30 

’ 

. . 1 inf o.oo1 [E CARBON TETR,AC_l-ILORIDE POL: M03 
1200 

1 1 

__ woo 

é -Q-M21-{B 
aoo -0-MZHC 

-)r—M21.o 

E soo —)(-M2LE_ 
—l-—M2LF 

E 400 -5-: M21-IE 

8 -9-MZLFI 
zoo ----4'9---M2HCd 

——MDL 
o 

_ 

POL 

TIME (days)



TETHACHLORORETHENE (PERC) Mlcrdcéslh 2 

Result concentration in |IglL 

‘sms WATER. as 
' 

_s 

' "' MDL=0.001 TEraAcHLoaoa.E.1'HI:NE(P:n_c.) ,,Q,_=o_m 
7° " -“o-’-Mzna 

5,, aastmzna 
,, -o—M2Hc 
‘§ 50 -aI—~M_2Ln 
; —)e-.-.M2u-: 

2 40 -O—M2LF 
-0-M2HCd 

E 30 -B-.-MZHR 
3 , 

-9-MZLR 
§ 

2° ' 

-3- Mznca 
10 

:Mm' 
.; -----FOL



1,1,2- Trlchloroeihane Mlcrocosm 2 

Result concentration in pg/L 

SITE WATER 

Time MZHR M2HA M2HB M2HC M2LR M2LD M2LE M2LF DUP 
0 n.d. n.d. 24 n.d. n.d. _'n_.d. n.d. n.d} 
1 n.d. 26 28 21 n.d. 38 33 41 35 
7 n.d. ' n.d. n.d. n.d. n.d. 36 n.d. n.d. 
19 n.d. 62 45 65 n.d. 35 V33 32 
29 n.d. 51 59 .53 n.d. 22 20 1 9 46 
30 ,, 

_. . . . _ . .. .. ._ MDL3.-.6.O" E 1,1 ,2-TRICHLOROETHANE POL: 18 

-is--M2HA 
A -A-MEHB 
§ —¢—.M2‘H'c 

; —at-Ma.o 
g -.-3+-MZ.,E 
< --|—M2LF 

g 
—a—M2HH 

z -'-6-.-MELFI 

8 -‘—-MDL 
----POL 

_ _ 
~# DUP 

20 15 
TIME (days)



-

1 

:

1 

TRlCHLOROREl'HENE.('TCE) Mlcrocosrn 2 

Result concentration in pg/_L 

SITE WATER 197 86 

Time’ ' MZHR M2HA M2HB M2HC M2LH MZLD M2LE M2LF M2HCd 
o 363 .256 258 111 92 100

V 

1 432 344 281 391 123 117 ‘137 109 387 
5 41 6 346 356 431 97 1 85 135 1 13 
19 359 270 253 317 95 101 101 as 
29 449 295 248 271 1 1 5‘ 1 15 97 95 283 
30 

A ' ’ 

V 1 N 7- 
MDL= 0.08 [E TRICHLORORETHENE crcs) POL =_o£24 

1 A, é-MDL 

'M2LD 
1-X-—M2‘LE 
-I-M2LF 
-T-E‘M'2HR, 
-G-M2LH 

~$ M2HCd 
---— PQL 

10 15 
TIME (days) 

20 

-u—M;HA ‘

‘ 

-‘A-M2!-KB . 
V

. -6-M2Hc ‘

.

25



CHLOROFORM Mlcrocosm 2 

R_asu_1t-conoentrafion in ugIL 

~~ ~ ~ ~~~~~ 
SITE WATER 71 20 

Time 
' 

A 

" M2Hc 
o 

' 

351
1

7 
19’ 
29 
so E . CHLOROFORM 

‘ ’ 

MDL=~0.09 
PQL =o.27 

450 
"" " " 

..
' 

400 "“'I aim 3 350 ;' -0-MZHC 3 ‘ -X-Mal,-.5 

z 300 -‘—+—gM2_LJ-T 

9 . 
-Ii-’-.M1.|-P 

5; 
25° -5-—,M2_H_n 

“ 2°° 1 
5 ‘so ‘ -rat 
5 "

D 100 ~ 
15 2o 25 

_ 

so 

————~——_-—-—-__———__.



Dlcl’-ILOROMEITHANE Mlcrooosm 2 MAC = 5 pg/L 
Result concentration in pg/L 

SITE WATER <PQL <PQL 

Time M2HR M2_HA MZHB MZHC M2LR M2LD M2LE M2LF DUP 
' 0 n.d. 11 13 17 n.d. 6 5 8 " 

1 1 1 35 43 46 n.d. 21 22 22 
7 n.d. 112 158 147 n.d. 76 70 49 
19 n.d. 186 204 240 n.d,- 97 91 

b 

98 
29 n.d. 165 240 n.d. 76 59 83 239 
30 

DICHLOROMETHANE MDL= 1.3 
. 1 PQL = 3.9 

' aoo 

‘—"fl7-‘-MZHA 
A -.e.—M2Hs 
§ -0--Mano 
5 -—)(—M2LE 
3: -I-M2LF 

E ~iE—M2_1__D 
-5- M2!-IR 

§ -G-M2LR 

«—-- PQL 
<3: our 

10 
TIME (days)

20



‘ 
cls-DICHLOROETHENE 

Result cbncenfrafion i'n pg/L 

SITE WATER 

fime 

30 

MZHH 
n.d. 

<PQL 

M2HA 
n.d. 

Mlcrocosm 2 

cis-DCE (2) 

MAC = 70 pg/L 

<PQ_L ~
~ 

C0NOENTRATI0N(ll9'L) 

M3 
10 "O.O 

.- 0|0 

100 

15 
TIME (dayi) 

--u-M2HA 
—a—M2Ha 
-O-M21-(C 
-at-M21.E 
-‘-O'—M'2l_._F 

—n—M2Lo 
-«VB-MZHR 
-9-‘-Man 

ea» M2HCd 
E-MDL 
—---r POL



Trans-DicHLon6E11-{ENE Mlcrocosm 2 MAC = we pg/L 
Result oonbentrafion in pg/L

' 

SITE WATER <PQL <PQl_. 

11mé ,M,2HH M2HA M2HB MZHC M2LR M2LD M2LE MZLF M2HCd 
0 n.d. n.d. n.d. n.d. n.d. n.t1 n.d. 

I 

n.d. 

.2 

MDL= 5.8 E! . 
Inns-DCE 

V ?qL& 1?’ 

-3*-MZHA 
3-.-Q-MZHB 
"'9—M’2H'V-3 

"X-MZLE 
—i—M2LF 
--K-MZLD 

V 

-U-M2HR 

0? M2HCd 
-:1-MDL 
............pQ1_ 

CONCENTHATION¢(ugIL) 

TIME (days)



VINYL CHLORIDE (vc) Mlcrocosm 2 

Résult concentration in pg/L 

SITE WATER <_PQL 

Time MZHR M2_HA M2_H_B 
' M2Hc 

0 1 n.d. n.d. n.d. n.d. 
1 d .d. ~ ~ ~ 

MZLR. 
n.d.~ 

<PQL 

MZLD MZLE MZLF DUP 
n.d. n.d. n.d. ~ ~ ~ ~ 

CONCENTRATDN 

(|lgIL) 

0 5 10
~ 

'i‘l_flE (days) 
20 25 so



CHI-.OROM_ETl~lAN,E Mlcrocosm 2 

Result oonqenttafion In u9'L 

SITE WATER <POL 

Time MZHR 
o n_.d.

1 

MZHA M_2HC MZLR 
n,d. ,n.<__1. n.d. r1.d_. n,d. n.d, n._d. 

n d 8 

19 n.d. 17' 1'7 ' 27 11.11. 18 11 1o 
29 n.d. 15 n.d. 29 n.d. 12 5 11 
so 

MDL-56.3 
POL: 19 

chIor1>;flefl1ane 

‘-fie-‘MZHA 
-Q--MZHB 
-o—M2Hc 
—)t‘—’M2LE 
-I—M2LF 
-.-at--M2Lo 
—a—M2HB 
-e--Mzua 
9?MDL 
----POL 
6 M2HCd

fl 

MZLF M2HCd 
"d 

23‘



~ ~ 

METHANE Mlcfocosm 2 I 
SITE WATER <PQL <PQL 

nmoles 
Time M2HFI M2HA M2HB M2HC M2l.R M2LE M2HCd ' 

O n.d. n.d. n.d. n.d. n_.d, 'n.d.
‘ 

1 n.d. 3 6 8 n.d. 6 7 .. 

7 n.d. 12 9 1 1 n.d. 
‘

8 
1 9 n.d. n.d. n;,d. n_.d, n_.d_. n_.d_. 

29 n.d. n.d. n,d. n.d. n.d. 
4 

n.d. 
30

I 

.. 31¢ .

I 

nme (days).

~



ETHANE Mlcrodosm 2 

SITE WATER <PQL 
_ 

<PQL 
nmdes 

MZHR M2HA M2HB M2HC M2LFl M2LD 
n.d. n.d. n.d. n.d. n.d. ‘n.d. 

n_.d, n_._d_. 
_ 

n.d. n_.d. n.d. n.d. 
n.d. n.d. . n.d. ' n.d. n.d. n.d. 
n,_d_. n.d. n.d. n.d_._ n.d. n.d. 

29 n.d. n.d. n.d. . n.d. n.d. n.d. 
30 

Time 

you-‘O 

M2LE 
n.d. 
n.'q! 

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

M2LF 
n.d. 
n.d.. 

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

Ethane nmoles 

Tlmo1(§a_y's) 

—a—M2Hn 
-u—*M2H‘A 
--A-MZHB 
-0-M_2_Hc 
-6-MZLR 
.—:_a;+M2LD 

—-)6--M2LE 
.—i—M2LF 
—-—MbL 
---~PQL 

M_2H.Cd 

n.Ad_.



' ETHENE Mlcrocosmz 

SITE WATER <PQL ' 

<PQL 
_. nmoies 

_ % 

Time » M2HR‘ M‘2H_A M_2_HB MZHG M,_2LJ'-I M2L_D M2L__E M2l_.F M_2HCd 
0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
1 n.d. V n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
7 n.d. 3 4 3 n,.d_. n.d. n_.d_. n_.d. 

19 n.d. n.d. n.d. - n.d, n.d. 3 n.d. n.d. 
29 n.d. n.d. n.d. n.d. ‘n.d. n.d. n.d. n.d. 
30 ‘ 

Ethehe (nmoles)~ 
--a—iM2Hn 
V"-I-—M2HA 

-A--M2HB 
-e—M2Hc 

Mém 
-X--M2LE 
-—l—.M2LF 

_—...n._413L
' 

-—e_'-_-=-POL

~ 

IIIIIOIGS

~ 

'1 

Z1111-ZIIIIIXE 

0 5 . 10 15 20 25 30 
‘nine (days)

~ ~



V.’ 

ACETYLENE 

SITE WATER 
Tlme MZHR 

0 n.d. 
1 n.d. 
7 n.d. 
19 » n.d. 
2_9~ n.d. 
30 

<PQL 

M2HA 
n_,d_. 

n.d. 
‘n_.d. 

n.d. 
n.d. 

M2HB 
n.d.. 

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

~
~ 

<PQL 

M2LR M2LD 
rid. n.d. 
n.d. n.d. 
n.d. n.d. 
_n_.d. n.d. 
n.d. n.d. ~ 

M2_HCd 

n.d.



tfitrate 2 

day 

Note; Microcosms were amended with Ti(il|)citra'te-reduced _i_nvert'ose on day 16, hence the increase 
in glucose and citrate concentrations.

‘ 

‘O00!--IO

1

2 

Glucose 2 
day 

’M2LD 
679.9. 
7334 
701 9 
9301 
9565 

M2LD 
18.5 
18.1 
17.6 
14.0 
7.8 
4.6 

24.9 
22.7 
13.9 
15.2 

M2LE 
691 9 
7092 
7126' 
9821 
9575 

M2LE 
18.9 
19.1 
16.2 
11.7 
4.2 
1.3 

16.7 
21.6 
11.5 
11.2. 

cone-0hgflJ 
M2LF M2HA 

6905 7032 
7182 v 

. 7522 
6931 7710 
8076 8879 
3374 9375 

co'n_c. (mM)‘ 
MZLF‘ M2HA 

17.3 21.3 
17.8 18.0 
17.0 17.7 
12.0 1 11.0 
5.8 7.4 
2.2 ' 4.7 
21.3 20.0 
16.7 20.1 
12.8 14.1 
11.1 14.0 

M2HB 
6851 
7098 
"7688 
9789 
8992 

M2H.B 
18.5 
17.1 
16.4 
7.6 
5.1 
1.6 

19.0 
17.6 
13.2 
11.8 

M2HC 
' 

6802 
7531 
7389 
8934 
8730 

MVZHC 
19.0 
19.6 
17.5 
11.4 
6.8 
2.8 

19.7 
18.1 
14.2 
1_2.0



Volatile Fatty Acids-M2 

Lactate 
"2 VF“ 052° Titanium oonc.(mM)

' 

V 
. day M2LD M2tE M21! M2HA M248 M210 

rday M2l.’D M2LE MZLF M2'lA M2HB 
> 

, 
. 

0 26.9 127.4 26.9 25.4 29.1: 28.9 

0 _ md. n.¢ n.d. mt ‘ - 5 
‘:10 33.2 33.6: 32.5 33.9 32.9 '34.a= 

I nid. n.d. Mi: Mi. ‘ 

5 ml. n.d. n.d.' mt u ;Ch|ol|do _eonc; (mglu 

I9 n.d. 'n.d. n.d: Mt ‘ day MZLD M2l.E M2LF MZHA M20-IE M2Hc M2liR MZHFI 

29 320 872 289 134 ‘ 
0 142 15.5. 75;! 817 85.9 842- 22:1 53.6‘ 

V 
g

I 

Formats
‘ 

Note: Micmoosms were amended wi1h.T|(lll)ciImto~roducod irmnbso on day 16. hence the increase» 

day 'M2LD M2LE MZLF" MZHA In ,' and car‘ ‘nlnfions. 

0 mi. n.d. nzgi, ml: 
1 47 n.d.- 44 31 
5 288 126 123 96 
19 1229 1452- 1097 I091 
29‘ 1745 1895 1632 1659 

Acetate 

day M2LD Mzua M2LF M2!-IA 
0 ml. n.d. n.d. MI. 
1 n.d. (1.6. MI. n.d. 
5 n.d. n.d. n.d. um. 
19 584 790 516 659 

894 1004 841 881 

Proplonale 
conc. (malt) 

day M2LD M2I.E M2LF MZHA MZHB mm 
0 n.d. n.d. n.d n;d. n.d. mu- 
1 MI. n.d. Mi. Mi. Mi. n.d. 

5 nd. n.d. Mi. Mi. nzd. nd. 
19 n.d. n.d. n.d n‘d. nzd. MI; 
29 n.d. M1. M1. n.d. n.d. n.d. 

Notes: Ptoblams with MZLDSVFA analysis required an ...-analysis oi this 
sample on day 1. Resullh shownlor day 5 are day 7 results. 

o52c hclata lonnato acetate 
day ladale lormale ante 

0 0 0 0 
1 0 46 0 
5 0 179 0 
I9 0 1260 630 
29 494 1757 913 

O1 4 
day Iaclale lonnate acetate‘ 

0 0 0 0 
1 -0 40 0 
5' 0 120 0 
19 0 1239 631 
29 256 ‘1640 ‘-B69



1 

Ten-achloroethane (TeCA) Mlcrocbsm 3 (manium cltréte + yéjqst ejmact) 

Result concentrafion in pg/L

~ 
I SITE WATER 2114 695 

4 - :2 

‘Fume M3HR M3HA M3HB M3HC MSLR MSLD M3j_.—E M3_LF DUP 
' 

1311 978 912 978 711 578 582 645 
1759 773 953 1008 810 573 495 486 
1,692 426 273 « 296 914 62 201 183 
1604 n.d. n.d. n.d. 735. n.d. n.d. 7] 543 

n.d. n,d_. 1 n.d. n.d. n.d. 
.n.d. 

_ 

n.d. 

. ~ .— MDL=5.7 I E TEIRACHLOROETHANE POL = 17 
2°00 _ .1: _. . . . . . _ . . . . . . . . 4 . ..

»

I -~aa-~MsHB 
—~0—M3Hc 
'-‘-X4-MLSLD 

I 1 --)1--MSLE 
-+-MaLF 
-3-‘Mar-In 
--6—-M3LR 

' *='-'-'-MDL 

---PoL 
¢ DUP 

o 5 1o 15 nueégms) 25 so as 40



Carbon tetrachloride Mlcrocosm 3 (liltanlurn citrate -'r- Qeast exlraci) 

Result cdncemration In pgIL 

SITE WATER 904 364 

Time MSHR M3,HB M3HG MSLR M3LD M_3LE M_3LF .M3LRd 
0 461 195 172 195 
1 522 n.d. n.d_. n.d. 

4 507 ML n.d. n.d.. 

16 524 n.d. n.d. 3] 491 
28 529 n_.d_. n.d. n.d. « 

38 vn,d._ 

.40 

“ 

MDL*=' o'.'ob‘1 ‘ 

ling: CARBON TETRACHLORIDE H 
1400 ‘ 

V > 

3 1200' E _,__M3HA 

3 mm 5 -at-M3HB 
2 -.-G-M3Hc 
,‘+_’ 600 —x—MaLo 
3‘; 

6.00 
-X-MSLE 

E . __g 9 _—+-Ms_u= 

g 400 \ , 
-5-Mann 

3 —-o-.—.MaLn 
9°° ----3»--M3LRd 

0 ' '1 :' 
: In ' ' 

_ _ 

“PL 
10 15 2o 25 so as 40 

' " 

‘rIm=.(daya)



Tétrachloroeunene (PEHC) Miqrocosm 3 - (titanium citrate + yeast extract) 

fiesult concentration in pg/L
I 

SITEWATER 35 6 

Time M3_HR 
V 

M3HA M3HB M3HC M3LR M3LD M3LE MSLF DUP ~~ ~ ~~~ B. . ,b . .939 
3 3 C: 0.901: D:O.979 

16 55 47 47 45 5 4 4 3 5 
28. 40 34 20 23 5‘ 5 5 5 
38 4 
40 

- TErnAcH1.oR_on.EIHENE (Pane) 
‘ M-°L=°-°‘.’1 

_ 
' PQL=0.O03 

ab ' “ ‘ ’ " 

70 -I—M3HA 

g 601 -0--MSHG 
: 5° -X—M3LD 
g _ 

-‘-N—‘M3LE 
40 —i-—-MSLF 

E 30 
-.-E-M:3HH 

z -G—M3LF! 
3 2;: <2? DUE j-MDL 

10 
H ....... ..pQL

0 

TIME (days)



(titanium citrate + yeast ext:-’a;ct) 1,1,2- Tflchloroethane Microcosm 3 

Resuit concentration in pg/L 

SWEMMWER 

Time MSHR MSHA MSHB M3HC M3LR 
0 h,d, n,d_. n_._d_. n.d.; n.d. 
1 n.d. n.d. n.d. n.d. n.d. 
4 n.d. 54 85 79 
16 n.d. 24 16 17 
28 n d 55 23 27 
38 36 
40 

~ ~ 

M3LEi 
n.d. 
n_.d_. 

M3LF M3HCd 
n.d. 
n._d.

~~ 
"'M6L=eb‘V' 

PQL=18 

CONCENTRATION 

(|lglL) 

—1u‘—"M.aHA 
~—lr-M3HB 
-O-—M3HC 
-.-X3.-e-.M3LD 

-1.6-M3LE 
-’-i‘-M3.L.F 

5 Ma:-ecd 
-E—M3HR 
-9-2-.M_3LR 
---MDL 

~ . . ‘.3 
0 5 10 15 20

A 

TIME (days)
25



TRICHLORORETHENE (T CE) Mlcrocosm 3 (titanium citrate + yeast extrect) 

Result concgnuafién in pg"/L 

sms WATER 
_ 

197 
_ 

as
_ 

Time MSHR .M3HA M3HB M3HC MSLR MSLD’ MSLE 
V 

M3LF M3LRd 
‘ O 479 . 255 251' 271 142 90 88 96 

1 469 243 257 251 138 74 85 32 
4 450 250 271 . 248 _'154 66 82 84 
16 449 244 _ 252 246 ' 144- 97 — 90 97 139 
28 428 261‘ 268 244 150 ’ 

4 

90 101 99 
38 ' 214 80 
4o . 

[E TRJCHLO_RORETHENE (rcE) MDL-.-.o.08 
PQL 1-’ 0.24 

soo 

V 

. -§—MaHA 
5°” " 

, 
--Ar-M:-IHB 

g “ 
_ 

, .":'—-B} 
_, 

V 

:9 M3'Hc 
.3 400 ~- - 

' 

~ --X‘-M3LD, 

g 
- --x—MaLE 

4-I ao—Ma'LI'= 

E 
-E—M3HFl 

2 -'-6-=-:-M_3LR_ 

8 ya» M3LRd 
——MDL . 

—’-'-'-'-'-‘{POL
V 

o, --------- -- 

:_ 

----- 
: : : . ._

' 

0 5 10 15 ab 25 so as 40 
' 

' 
' TIME (davs)

‘



TRlcHLORC>RETH_E_NE1(TcE) Microcosm 3 (tltanlum cltrate + yeast extract) ' 

Result cbncentrafion in pg‘/L" 
V 

I

A 

SITE WATER 
A 

197‘ as 

Time M3HR ’ 

MSHA, M3HB M3HC Mam MsLb MSLE MELF M3LRd 
0 479 255 257 271 142 90 88 96 
1 469 243 257 251 138 74 .85 82 
4 450 "250 271 248 154 66 82 84 
16 4449 344 252 246 144 97 :9o« » 97 139 
28 428 « 261 /268 244 150 ‘ 90 101 99 
38 ’ 214 -- ~ 80 
40 

[El TRICHLORORETHENE (res) MDL=0.08 
' PQL = 0.24 

am 
4 
—I—MaHA 

A 5°° as - ‘--It--MSHB 

§ E--'— .3 -.-Q-.-MSHHC 

; 40° -- -It--M3LD 

g A 

' --X-MSLE 
g aoo -- —’I‘—M3LF 
5 -E-M3HFl 
§ 200 - +-a—M.aLn 

8 4 «s» M3LRd 
-—-MDL fi'*-_¥ 

' POL 
0 ' 

. ! 5 , 1 '. ...‘. 2. 

o 5 1o 15 2o 25 so 35 40 
11MB (days)



CHl_.O_R_OFOR_M Microcbsm 3 . (tlthhium citrate + yeast é’xIr‘act) 

Result concentration‘ in pg/L
. 

SITE WATER 71 
v 

20 

Time MSHB M3HC M3LR M3Lp M'aLE M3LF DUP 
282 398 21_ _ 

59 68 $2 
381 355 22 
28 - 

. 

, 
25 22 

n.d. n.d. 21 
'h.(_!. n.d. 25 

cuLo,no.:=on,~:E 
450 

400 '—ni—:M:§HA 

350 -ak--MSHB 

§ —o—MaHc 
_z 3°° =)tiM.’iLE_ 

E 250 —+-Mau= 
Em '*!“M3LP 
5 -a—Ma:-an 
g 15° --9—M3LFl 
8100 

__ 

. a out: 

so 
-—M‘oL 

. 
;. ...... ..pQL 

o ,, . mm- 
o 5 '10 15 2b 25 so as 40 

TIME (days)



DICHLOROMETHANE Mlcrocosms (titanium citrate + yeast extract) 

Fle‘su|tconc'entratio‘n in pg/L 

SITE WATER ' <PQL . 

I 

<PQL 

11rn.e , 
MSHH M3HA M3HB MSHC M3LR M3LD M3LE 

O n.d. 23 30 29 
, n.d.‘ 

1 n.d. 
‘ 25 40 34 n.d. 

4 . 131 149 150 n.d. 
16 n.d. 

' 

n.d. 
28 n.d. n.d. 
3.3 
40 

MAC = 5 pg/L 

MSLF M3LRd 

Em: _ 

DICHLOROME11-lANE Mm; 1.3 
PQL=:3.9 

140) 

concarrnmou 

(u 

8
8

B 
'--1-n~— M3HA 
-fl--M3HB 
-O-MSHC 
-X-MSLE 
—l—M3LF 
—as—M3LD 
-B-MISHR 
-a~—MaLn 
——MDL 
---PQL



‘VINYL CHLORIDE (vc) Microcosm 3 - 
. (titanium citrate + yeast extract) 

Result concentrafiqn in uglL 

sI'rE WATER <PQL 7 <9oL 

Time M3}-{R MSHA . M3HB MSHC MSLR M3LD M3LE M3LF M3HCd 
0 n_.d, 

' 

n,dV. n.d. n.d_. 
‘ 

n.d. n.d. n,d_. n.d. 
. 1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
4 6 n.d. fi.d. . n.d. n.d. n_.d. n_,d. n.d. 
16 n.d. 16» 27 23 . n.d. 11 5 8_ n.d. 
28 n.d. . 17 32 25 n.d. . 11 6 9 
38 n.d. . 9 
40 . 

1 MDI.-: 3.7 1 El "° 
".°.Li1L 1 

as 

so -- -I-»--MSHAN 
~ 

~~~ 

~

~ 

~~

~ 

~~ 

MSHB 
--0-- M3 HC 
-N-M3LE 
-‘-'§— MSLF 

_ 
. . 

_ 

—ans—MaLD 
. 

. 

I 

' 

:—E--Mal-(Fl 
. 

_ if ---e---MaLn 
' 

_A 
. ——MoL 

5--,_ 
1 1 1 

“"7 
1 1 ._. A 1 

v---'-'-'-'-mu.» 

20 25 
’ 

30 
' 

35 40 
TIME (days) 

10 01 i I 

3: 

coucaummou 

mm 

3 
3‘.



(titanium citrate + yeast extract) 

IE1 
180 

cHVLORAON_lE'T_H_AN_E Mlérocosm 3 

. Result cor1centration in pg/L \' 

SITE WATER <PQL <PQL 

Time M3HR M3HA MSHB M3HC M3LR M3LD M3LE MSLF M3’!-lCd 
0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.’ 

1 n.d. 22 35 '30 n.d. 9 n.d.‘ 10 
4 n.d. 

V 

27 31 20 ' 

n,_d, 25 8 
_

7 
16 n.d. 1 _16 16 15 n.d. n.d. n.d. n.d. 
28 n.d. 22 n.d.‘ 36 ’ 

n.d. - n.d. n.d. 21 
38 160 16 A 

40 

need to cohfinn by GC/MS that it is indeed chlommethane 

MDL: 6.3 

N. 
160. 

_._. 

.. 

8-8 

8,, 

W‘O 
CONCENTRATION 

(|lglL) 

3 
3.

8



1 

’ 

' 

1 

, 

4 

1

> 

MEl'HANE Mlcrou:_os'm 3 (titanium citrate + yeast extract) 

SITE WATER <PQL ~ 
b 

V 
<PQL 

nmoles « 

‘Fume MSHR M3HA MSHB MSHC M3LF| M3LD ' MSLE M3LF M3HCd 
0 n.d. 2 n.d. _n_.d_. n.d. . 2 n.d. 3 
1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. ‘n.d. 

4 n.d. 2 2 2 n.d. n,d, 
_ 

n.d. n.d. 
‘16 n.d. 30 - 27 50 n.d. 41 . 

_ 

50 43 
' 

n.d. 
28 n.d. 52 71 

, 133 n.d. 67 . 1.42 83 
38 48 . 353 » 

40

~J

~ 
Mgfic - 

—-as-—MaLn 
-6"-.-.-M3LD 

—+—MaLE 
—-Mam: 
‘-'-A-MDL. 
---- PQL



_amm 
SITEWATEFI 

Time 

8393-ts-so 

Mlcrocosm 3 
‘ 

(titanium citrate + yeast extract) 

.<PQL 
‘ 

“ 
<PQL 

nmoles . 

M3HFl M3HA M3HB M3.HC M3LFl M3LD M3LE M3LF M3HCd 
n.d. n.d. n.d. n.d. n.d. 3 n.d. 4 
n.d. . n.d. 'n.d. n.d. n.d. n.d. n.d. n_.d. 

n.d. n.d. ‘n.d. n.d. n.d. n.d. n.d. n.d. 
n.d. n.d. n.d. ' n.d. n.d. n.d. n.d. n.d. 
n.d. n.d. n.d. n,d, n.d. n.d. n.d. n.d. 

n.d._ 
‘ 

n._d. 

I M3 Ethane nmoles MDIF3-g 

10.0 
'

‘ 

” qpmm 
' 

- 8-0 --Q-MSHA 
7,0 .—A—.M3HB 

6 0 -o—MaH_C 
3 

-' —-nu-—MaLH 

E 5.0 .._j(a_'M3|_p 
‘= 

4_o -3%--M3LE 
vi-MSLF 

3'° ——MDL 
2-0 ----POL 
1.0 

0.0 
15 ' 20 25 

Time (divs)



~ 

ETHENE Microcosma (titanium citrate-r.ye‘ast extract)
‘ 

SITE WATER <POL‘ V<PQL 

nmé -‘ M31-{R M3HA__ 
A 

M353 MaH'c Mam Maw M31-.E M3_u= M3H(_3_d 
0 n.d. n.d. n.d. v3 n.d.. n.d. n.d. 3‘ 

1 n.d. n.d. n.d. ‘n.d. n;.d, n.d. n.d. n.d. 
4 - 

‘ 

n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n;._d_. 

28 n.d. n.d. n.d. , 3 n.d. n.d. n.d. n.d. 
as n.d. 

‘
3 

40 » 

AV 

‘ Ethane (nmoles per microcosm) 

-10 

9.

a 
7 -o—MaHh 

I 3 3 -a-«Mam 
E 5 -an.-M31-1'3 
= 4 -O-M3HG 

3 - -’-it-'-M3'LD 

2 MSLE 

1 
MSLF 

—-MDL 
° " -----POL 

'i1m,e(davs)



' 

ACETYLENE 
V 

Mlcrocosm 3 (fltjahlum cltrate + yegst e_x_tfra'ct) I 
' srrs WATER <PQL <PQ_L

' 

‘fime M3HR M3HA 
_ 

M3HB M3HC . M3LR MSLD 
_ 

M3LE M3LF dup J I 0 n.d. n.d. n.d. n.d. n.d. n.d. n.d,- n_._d_.
‘ 

1 n.d. n.d.‘ n.d. n.d. V n.d. n.d. n.d. n.d_. 

4 n.d. - n.d. n.d. n.d. n.d. .n.d. n.d. n.d. 
16 n_.d. n.d. n.d. n.d. ' n.d. n.d. ‘ n.d. n.d. n.d. V 

28 n.d. n.d. n.d. n.d. n.d. n.d. . n.d. n.d. 
38 n.d. ' n.d. 
‘°

I 

M 3 

3- 
mx-.-.-. 

CONOENTRA1'ION 

(nmolas) 

flmgcawm) 25 ' 

39 as 40
V

~ 

~ ~ ~ ~



Citrate 3 
‘ 

_ 

conc. (mg/L) . 

day M3LD M3LE M3LF MSHA M3HB M3HC 
0 6722 6216 6815 6920 . .7319 
1 880] 

‘ 

926] 929]‘ 902i 1018] » 937]‘ 

4 n,d_. 
_ 

n.d. n.d. n.d.. 
_ 

n.d. n.d. 
16 « 938} n.d. n.d. n.d. ‘ n.d. n.d. 
28 n.d. n.d. n.d. n.d. n.d. n.d.



‘ 

' 

- 

' 

VFAs 

Volatile Fatty Acids-M3 _ 

. 

= 
Tllunlnm conn_(mM) 

Lactate _ 

. 
- day Mam M3LE Mau= mm mm: Menc- 

’ 

cone. (mg/L) , 

- o 29.0 29.5 29.0 91.4 ms 29.7 

day Mam 'M3LE NHLF Mam M3143 M3140 
' - 

I) ‘n.d. ltd. M1. l\.d. n.11. n.1:l. ‘I
- 

1 nd. Mi. M4. M1. rm I‘! d. \- 

"3 VF“ one 
~ 4 nd. MI. 11.6. ML 11.11. mi 
10 nd nd. nd. nd. nu nd. 
28 nd nd nd. nd. rm mt 

- Formals » 

WI: (M94.-) 
day Maw MGLE Mau= Mam M31-I3 Mauc \ 

o 78 132 213 34 75- 55
‘ 

1 959 933 
> 

1923 use 1013 957 
4 992 991‘ 999 911 1059- 1025 
16 mt 650 nd nd. ml. 350 
23 M1. M1. 380 M1. ' 228 ml.

' 

Acetate 
> 

u: was on: 

day Mam Mans MSLF 
o 301 439 954 
1 51529 41949 4242 
4 4439. 3945 4199' 
13 5171 -5094 - 5644 
29 4973 9210 . 5291 

Proplonalo 

day mu: MSLE mu= Mam MSNB mac “"""7”’ ' 

0 283) :239] 235] 274 281 I‘1.d. 

.1 26:1 191' 240] 263 soz 299 
4 2121 1631 2291. 254 292 279 
16 414 489 ’ 

87,4 223] 421 518 , 

28 45 003 558 429 722 001) 

Bulyraio 

day M3LD M3ILE- ‘M3LF MSHA M31-I3‘ Mano 
o 11.1 M1. M1. M1 ml nd.

’ 
1‘ n.d. mi. rm. n.d. .n.d. rm. 
4 11.6. 11.6. nd. n.d. nd. ML 
18 mi. 1733i 1693] ‘mt mi 1740]» 

23 
_ 

MI. 1991] 1981 n.d. 1984] ml. 

'- 0526 iolmelo uootato pmprlomh butyrah 014 
dhy lormatg aumto ’pmpI!onnIo bulyrab day Ionnata contain proptlomta butytum 

V 

0 141 486 >23! 0 0 1733 1693 A - 0 85 368 271 0 
‘l_ 955 » 3909 239 D 0 1391 1989 1 956 $805 27] 0 

4 923 4_‘lB5 203 D 4 999 4256 275‘ 0 

16 650 5305 426 1142 16‘ 350 5011 387 530 

28 ( 330 5481 52? 1820 28 R8 5522 584 66113338

? 

3‘ o 233 as 235 214 2a1 n.d. 

‘ 

1 293 194 240 293 302 no 
: 

4 212; 199 229 254- 292 219 
16 414 489 374 223 421 

‘ 518 
29 429 ens 559 429 122 coo 

F9991



'_l'etrachloro_athana'('l'eCA) Mlcrocosm 4 Sterile ¢_:n‘ntr'ol 

Result concentration in pg/L 

1‘ 

‘

- 

SITE WATER 2114 ‘ 

695 

me M4HA M4HB M4HC M4LR M4LD V M4LE M4LRd r?ar<o.9s 
o 205 

' 

‘ 

n.d. . 538 1- 

0.04 n.d. n.d. 
0.08 - n.d. 

1 154,9 n,d_. n.d. n.d. n.d_. n.d. .881 
3 1358 n.d. n.d. n_._d. n.d. n.d. 

n.d. n.d. n.d. n.d. n.d. 
n.d. n.d. n,d. n.d. n.d. 
n.d. n.d. n.d. n.d. n.d. 

0.982 

— 

. 

-' MDL= 5.7 TETRACHLOROEI1-lANE\ POL: 17 ’

D 
2500 O _.a_M4HA 

, g —£—M4Ha 
22°00. -0-—M4HC 
P; . H-JVX-,-’-M4l_.D 

E1500 ~—x—M4LE 
z -+—M4LF m . . 

g 1000 -E--M4H,R 
3 » 

- -6-M4LR, 
5.0.0 --—-MDL 

----POL 
0 : : I . . : g,_ M§LRd 

0 
_ 

5 1o ."m.=—1?days) 20 25 so

~~



Mlcrdc’os‘m 4 sterile control Carbon tetra_chlorid_e MAC = 5 pg/L 
Result concentration in pg/L 

SITE WATER 904 364 

nme M4HR M4HA- M4HB M4HC M4LFi M4LD M4LE 'M4LF 
o 

_ 
377 147 V 433 . n.d. 

0.04 36 — n.d. 
0.08 

V 
V 

- 

_ 9 n.d. 
1 727 ‘ 

n.d. 
' 

n.d. n.d. 353 ‘n.d. n.d. n.d. 
3 ‘('02 n.d. n.d. n.d. 349 n_._d, n.d. n.d. 
7 736 n.d. n.d.» n.d. 350 n.d. - n.d. n.d. 
16 744. n.d. n.d. n.d. 368 n._d. n_.d. n.d. 
28 761 n.d. n.d. n.d. 363 n.d. n.d. n.d. 

M4 CARBON TETRACHLOFIIDE MDL=0-001 

"‘ 3°° 
_.. J3 —:Ir—M4HB 

§ 700 ‘" --o—-M4Hc 
3 300 —X—M4LD 
5 .-—x-M4L_E 

E 
1. 

_ 
—i—M4LF 

0 
‘°° _—e— 9 -E-M4HH 

5 30° - an M4LBd u —-—MDL' 
------'?GL 

.2 I 
' 

1' E 
_ 

- i . 

10 
“HM-E1amys) 20 -25 30 

M4LRd 

351



1,1,2-Trlchflaroethane Mlc’r'ocosm4 Sterile control 

Result concentrafion in us/L 

SITE WATER 
"fine M4}-{R M4_H_A M4HB M4HC' M4LE .M4LF M4LRd 

0 n.d. 234 
_ _

' 

0.04 n.d. 
> 

n.d. 
0.08 . 1 

~ n.d. 
__ 

n.d. 
1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.v 

3 n.d. n.d. n_.d,. n,cl, n;d. n_.d, n.d. n.d. 
7 n.d. n.d_. n.d. n.d. - n.d. n.d. n.d. . n.d. 
16 n.d. n.d. n.d. 

_ 

n.d. n.d. n.d. n.d. 
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d_. 

" V 

_ T 
. MDL=6.0 

1,1,2-TRICHLOROETHANE PQL=18 

--‘B-M4H>A 
. —.a.—M4HB 

g .-.-Is-M4Hc 
. 3 ---!(—-M4LD 

;' -N-M4LE 
g --+—M4LF 
-: —E—M4HFl 
E --9-'—,-M1aL_R 

§ ——-M_DL 
z .....g.{.‘PQL

8 

.1 E . : 

' 

: E : : E 
5 1o ."ME1(§ms) 20 25 so



TR|cH_LOROREI'HENE‘(l'cE) Mlc_rocosm4 Sterile control 

Result concentration in pg/L 

SITE WATER 197 . . 86 

True M4HR ‘ M4HA M4HB M4HC M4LR M4LD- M4LE ‘ M4LF M4LRd§f 
0 381 

_ 
326 124 120 ‘ 

0.04 322 148 
0.08 146 

1 97 
3 . n.d. n.d. 2d 108 ‘ 

7 
' 

n.d. n_.d_. n.d. 102 
16 

9 

‘ 

n.d. n.d. n.d. 
' 110 

28 n.d. "n.d. n.d. 11.4‘ 

M4 ’ TRICHLOROREI1-lENE(TcE) 
' MD‘-= 

A 0.08 

-3-e-M4HA" 
H -i-M4HB 

' fil|—o7-M41-ic 
* --at--M4Ln 

—l-M4LF . 

-a—M4Hn 
--9--M4}-IF! 

3 4, 4 M4LRd 
. 

——MDL- 
-----_PQL 

.. . _: II : 

‘ 

: I 
‘° 

11'Me-.(d§?s) 
2° 25



CHLOROFORM Microcosm 4 Sterlle control 

Result odncentrafion.in. 149/L 

SITE WATER 71 20 

Time M4HA M4H'B M4HC M4LR _M4LD 
' 

9 2s_ 
_ 

17 18 
0.04 2 . 

0,08 - n.d. 
- 1 n.c_l. n-.d. n.d. 15 n.d. . 

3 n.d. n.d. ‘n.d. 17 n.d. 
7 n.d. n.d. - n.d. 18 
16 n.d. n.d. n.d. 14 n_,d, 
28 n.d. n,d_. 

' 

n.d. 9 n.d. 

’ 

M4LE 

n.d. 

‘n.d. 

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

n.d. 

_ 

‘C771’-l»VLOR0F0R_l_\Il

S 
ooucENTnA11oN'(ugIL)

3
B
*8



DICHLORGMETHANE 
_ 

Mlcrocosm 4 Sterile control MAC = 5 pg/L

~ 
Result concentration in pug/L 

SITEWATER <PQL 

‘Fma M4HR__. M M4LR 
0 n.d. 

' 

n.d. 
0.04 
0.08 

1 n.d. n.d. n.d. n.d. n.d. 
3 n.d. n.d. n.d. .n.d. n.d. 
7 n.d. n.d. n.d. n.d. n,d. 

1 6 nLd,- n.d. n.d. n.d.- n_._d_. 

28 n.d. V n.d. n.d. n.d. n.d. 

. 

- 
' DICHLO OME11-IANE 

' 1“-°L= ‘-3 M4 » 

R ~ z- PQL=3.9 
so ----- " - 

.. ; ~ 

70 
— -a—M4HA 

-A-M4}-IB 
go eI--M4HC 
.. --)(-MALE" 
50 ~ ”—0—-M4u= 
F " -JX-M4LD 
0 -E--,M4HR 

—e—Ms1.n 
2° 9 Mm 
3° 

= 333$ 
10 

0 ~:- ..‘ ""1 
o 5 10 11-ME ways“) 20 25

\



~ 
~~ 

Mlcrocosm 4 Sterile control MAC .= 70 pg/L 
Resultconcentrafion in pg/L

V 

srre WATER ' <PQL <PQ_L 

Time M4HH M4HA M4HB M4Hc 
' 

Mkaua 
- o 

‘ 

n.d. , 
-119

A 

o.o4. 34a
_ 

o.os . 207 
1 n.d. ; 555 658 

'

» 

3‘ n.d . _. . 174
J 7 n_.d n.d. - 228 400 

_ 
373 

1e ’ 

n.d. _ n.d. 124 232; 265 
2a n.d. 632 525 n.d. 167 144 274 

FID results ' "530 519 197 219 

' suspect poor injection on ECD - results calculated by FID are more consisterit and shswh for comparisofi 

M21. 
_ 

l 

V 
¢is.DcE ' ' 

‘ MDL = 6.4 
' ' P.°E;=‘9 

sou — 

aoo 
‘ 

. .~ .M.4HA 
.700 . . 

_ 

' --&—M4HB S 3.. . . 

7 
-4-. 

* M4HC 
f°‘.‘ 

. -K--M4LE 
1&0‘) 3 .4_M4Lf 
Em 

* 

A 

-'-it-M4LD 
z //~ * -3-M4:-an 

" §°°° 3‘ 
. 

~ - 
-»

' 

» 8200 . ~ ss _ Mm 
_ f , 

» 

' 

_ 
g -V ._.:; :—_—;—Jg,1pL 

' 

100 ’~ I ' ' 

‘---,---_PQL 

0 , 

o 5 1o .l.mE1a‘a.y.S) 
. 2o 25 so



Trans-DICHLOROETHENE
V 

Result concentration in pg/L 

_ 

<PQL 

Time M4HFl M4HA . 

' M4HB M4HC 
0 n.d. 78 ' 

0.04 
V 

1.68
_ 

0.08 156 
1 n.d. 1177 138 206 
3 - n.d. 189 - - 193 199 

- 7 n.d. 194 196 200 
16 n.d.§ 
,28 n.d. 

FID 154 159 155 
V 

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

Mlcrocosm 4' Sterile control 

~ <PQL 

M4LH M4LD M4LiE 
n.d. ‘ 58 

106 

n.d. - 8,4 94 
n.d. 72 89 
n.d. 79 114 

43 37 

M4. 
’ 

‘ 

. 
trans-D‘ciE

~ 

6 

"MDL= 518 
, EQL =.1a 

'-E-.-M4HA 
-£'—M4HB :5 
—-I-M41-Ic 
--X--.-.M4,LE 

—oaM4Lr= 
‘*3!-M4LD 
--.-E-M4HR coNcE_r_rrnArIo_r_4 

(pgIL)

N 

.---6—M6LR 
1% M4LRd 
--MDL 
--—- POL 

o 5'10 
’ 

TlME1(%ays) . 

20. 

MAC = 100 pg/L 

M4LF 

80' 
98 
86 

101. . 

68 

n.d.~

. 

._ 

.. 

.. 

.... 

.. 

.. 

.. 

.. 

.. 
- 

.. 

......

_



VINYL CHLORIDE (VC) Mlcrqcosm 4 Sterile coritml PQL = 1 1 pg/L 

Result concentrafioh in 

Sm: WATEFI <PQL 
’ 

<PQL 

Time M4HR M4HA M4-HB M4HC M413 M4LD M4LE M4LF Nl4LRd 
O n,cL 5] . n.d. n.d. n.d.

_ 

0.04 ~ 55 . 25
_ 

0.08 46 - 18 
1 n.d. 64 72 66 n.d. 40 3'2 37 n.d. 
3 nld. 70 66 69 n.d. 30 22 26 
7 - n.d. 56 60 59 n.d. 30 25 27 
16 n.d. 50 47 47 n.d. '11 23 25 
28 r)_.d_. 43 42 49 h_.d_. 9] 14 '~ 25 

M4 — vc 

so 

7° -«I--M4HA 

a so -h—M4HB 
3 -O-M4HC 
g 50 ; --)6-M4LE, 
F —.-I-:-.M4LF 

E 4° -ue—M4Lo 
E -E-M4HR 0 so __ z -=-G-‘-‘M_6LH 

3 2.01 —MoL 
~.-v--.-—PQL 

1o ;

9

0 ¥



CHLOROMEI1-IANE Mlcrocosm 4 Sterile control 

R_esult_concen1ra_fion in pg/L
I 

SITE WATER <PQL 
. <PQL 

Time M4HR M4HA M4HB 'M4HC M4LR M4LD M4LE 
0 ' 

n.d. 13] n.d. 111'
’ 

0.04 - 29 
‘ 

~ 12] 
0.08 * 27 

1 n,cJ_. n.d. n._d. n.d. n.d. n.d. - n.d. 
3 n.d.. n.d. n.d. n.d. n.d. ~ n.d. n.d. 
7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

- 16 n.d. ‘n.d. n.d. n.d. n.d. n.d. n.d. 
28 n.d. n.d. n.d. n.d. n'.d.» n.d. n.cL_ 

W Chloromethane Mm-= 3-3 
Pcb 19 

30 "§"*M4_HA A g -.-iV—_M4_HB 
S25 - ‘ -o—M4Hc 

A 2 
K 

—)_(-M4_LE 
go - -—I-M4LF __ 
-: .—._JFM4_gD 

E15 .. 9 M4LRd 
0 _ 

-E-M4!-IR 
2,0 -a—MsgR 
8 ‘:1-MDL 

. 

5 -+7 
_ —&n 

0 2 

I 

I .' 
: f . .. : 

o 5 10 . "ME “$55) 20 25 

M4LF 

133' 

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

M4LRd 

n.d.



METHANE 

SITE WATER 
1”I.me M4HR 

0 n.d. 
0.04 
0.08 

1 n.d. 
3 n.d. 
7 n.d. 
16 n.d. 
28 n.d. 

Mlcrocosm 4 Sterile control 

<PQL 

M4HA 
n.d. 

'25 

87 
95 

1 02 
95 

RESULTS in ppmv 
M4_HB M4HC 

7
.

e 
27 25 
a2 . 8.6 
97 as 
92 92 
.94 93 

<PQL 

M4LR M4LD M4LE M4LF 
n.d. n.d. 

. 6 . 

1 O 
18 25 24 
38 38 45. 
47 43 48 
25 45 29 
15 10 49~ 

15 
Time (days) 

M4LRd 

"n.d.



'SlTE‘WATER <PQL ' 

» <PQL 
Flesultsin pp'mv ~ -

. 

Time M4HR M4HA M4-HB M4]-_lC M4LR_ M4-_LD M4LE M4LF M4LRd - 

. I 
0 ' n.d. n.d. n.d. n.d. 

0.04 n.d. n.d. . 

0.08 
_ 

n.d. 
’ 

~n.d. 
1 

A 

n.d. n.d. n.d.. .n.d. n.d. ' n.d. n.d. n.d. n.d. 

3 n.d. 3] n.d.- n.d. n.d. mi n.d. 3]‘
‘ 

7 n.d. 3] 
' 

3] 3] n.d. n.d. ' n.d. n.d. 

16 n.d. 5]" 
' 

4] 4] n.d. - 4] n.d. 3] 
28 n.d. 6] 6] 5] 'n,d.‘ n.d. n.d. 3] 

M4 Etvl-|a'ne nmoles MDL"‘3-1 I 
10 

....g 

' 

8 
--B-~M1aHR I -I-M1.aHA 

7 -A--M1a‘HB 
3 -0-M1aHc 

E -9--M1a_LFl I §5 -I-M1aLD 
4~ -.-X-M1aL,E 

3 —l—M1aLF
I -—MoL . 

1
. 

o . I o 5 » 10 .nm1(§ms) 2o 25 so 

ETHANE 
I 

Mlcrocosm 4 sterile control 
'

I

.



~ 

El’!-[ENE Mlcrocosm 4 Star 9 control 

SITE WATER . <PQL <PQL 
Results in ppmv V 

‘

b 

Trme M4HR M4HA M4HB M4HC M4LR Ma_'._l_..D M4LE M4L_F - M4LRd 
O ' 

n.d._ h.d,— n.d. n.d. 
0.04 n.d. ' n.d. 
0.08 ‘ 

n.d. n.d. 
1 n.d. 3j aj aj n.d. 7j Sj 4j n.d. 
3 25 19 4 20 n.d. 24 1o - 13 
7 -'41 30 ~29 n.d. 39 16 18 
16 « 58 46 46 n.d. 23 23 27 
28 60 54 52 n.d. 19 ' 9 28 
30

' 

V 

‘ 

Et.hen°(n_mo.les Per microcosm) 
‘ 

. 

H " ‘



Mlcrocosm 4 Sterlle control ACETYLENE ' 

SITE WATER <PQL <PQL 
Results In ppmv 

Time M4HR M4HA , M4HB M4HC M4LFl M4|,D» 
0 n.d. n.d. - n.d. n.d. 

0.04 n_.d_.
I 

0.08 , n.d. 

1 n.d. 5i 3} 31 
' 

n.d. 3] 
3 n.d. n.d. n_,d_. n.d. n.d. n.d. 

7 n.d. n.d. n.d. n.d. n.d. n.d. 

16 n.d. . n,_d_. n_.d_. n.d. n.d. - n.d. 

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

o-lumen:-ul'"'8'“~:mm 

M4LE M4LF 

n.d. 
n.d. 

n.d. n.d. 
n.d. n.d. 
n.d. n_._d_. 

n.d. md. 
n.d. r'_\,_d,— 

Mini = 3.5 -

~ 

M4LRd 
n.d. 

n.d.



Citrate 

day M4LD 

7224 
7835 
7644 
8092 
9998N 

oo3>‘~1o>—-cV> 

Glucose 

-day M4LD 
168 

A184 
181 
11.9 

' on
o 

7532
_ 

M4LE 
7244 
7439 
8213 
7472 
9020 
9828 

1hA4LE‘ 
17.5‘ 

18.2 
18.0 
17.9 
14.8

0 

com. (mgIL) 
M4LF M4HA 

7486 7554 
7539 7269 
8171 ' 7885 
7178 6927 

4 18754 8504 
10108 ' 9813 

00110» 
M4LF M4HA

. 

16.5 17.3 
19.3 18.1 
18.0. 16.8 

V 

A 
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 
14.2 
13.7 

nmuac 
"7031 
6932 
8014 
7331 
8477 
9701 - 

M4HC 
15.5 
17-.5 
16.9 
17.0 
14.0 
14.4



Volatile Fatty Acids - M4 
La1:1a1_e 

A com (m9IL) 
day M4LD M4LE M4LF M4HA 

0 n.d. n.d. n.d. n.d. 
1 n.d. _n,d. n.d. n.d. 
3 n.d. n.d. n.d. n.d. 

7 n.d. n.d. n.d. n.d. 
1e n.d. n.d. n.d.‘ n.d. 
28 11.11 n.d. n.d. 11.1 

Formals 
. cone. (rngIL) 
day M4LD M4LE M4LF M4HA 

0 14. 
’ 1? 12 1,3 

1 20 20 19 19 
3 4] 6i Bi 4} 
7 427 17 1.7 15 
13 1477 

‘ 

20 21 1e 
28 2248 1883 19 13 

Acetate 
0660- (MIL) 

day“ M4J..D M4LE M4LF M4HA 
0 n.d. n.d. ad. rnd. 
1 n.d. n.d_. n.d. n.d. 
3 11.11. n.d. n.d. n.d. 

- 7 277 n.d. n.d. n.d. 
18 831 n.d. n.d. n.d. 
28 1684 . 1411 n.d. n.d. 

Proplonate 
cone. (mgIL) 

day M411) M4LE M4L_F , 
M4HA 

o 343 314 , gas 277 
1 386 381 359 359 
3 342 359 2.39 307 
7 n-,d- - 334 
16 257 449 397 297 
2B 242 n.d. n.d. n.d. 

Formats‘ 
. .1 

can (mail) 
day ‘ M4LD M4LE M4LF M4HA 

0 14 13 12 13 
1 20 20 19 19 
3 4 8 6 4 
7 427 17 17 15 

1.6 1477 > 
20 2] 18 

28 2248 1883 19 13 

0526 

dav folrmato 2,691,310 Pfr°P.i°.fl§|° 
0 13 

_ 
D 308 

1 20 0 363 
3 5 0 313 
7 154 9 353 
16 §°.3 .363 
28 1383 1031.667 242 

277 n.d. 
331 n d. 
1684 1411 

G14 — ' 

d_ay 1o_r_ma1o scams propionago 
O 12 0 E9 
1 20 0 344 
3 » 4 0. 2.9.3. 

7 18 0 299 
1'3 19 o 3:30 
28 15 0 > 375 

M4HB 
n.d. 
n.d. 
r_I.1_l, 

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

M4,!-I3 

5] 
17

I 

asamesw 

M4Hc 
n._d. 

n._d. 

n.d_. 

n.d. 
rLd. 
n.d. 

M41-16 

4i 
1e 

16 

Marc 
n.d. 
n.d. 

PPPP 
.9-‘P-P-.‘1= 

M4110 

"’£:'§§§§§‘ 

Mac 
.2‘... 

turn» 

16 

16 

fltanlum cone; (mM) 
day M4LD M4LE M4LF M4HA M4HB 

o 27.7 — 27.5 232 27.7 233 
M4110 

27.3



Tetrachlorogethane (TecA) 

Re'§ult concentration in pg/L 

-SITE WATER '2114 

Mlcrocosm 5 

couc£m'nA11oN_(p_ga.).

§0 

-t— MSHB 
-0- MSHG 
--X-MVSVLD 

-0-MSLF 
-6- AMSHI-I 
-=-9.-.‘-MSLR 

V? Dup —- MDL 
----— POL 

10 2o 25 so nus (days) 35



Carbon tetrachloride - Microcosm 5 

Result concantrafion in pg/L 

SITE WATER 904 364 

Time MSHR M5HA MSHB MSHC MSLR MSLD MSLE M5LF 
O ' 962 963 535 494 

A 5 
V 

1072 1067 1075 1065 507 533 528 512 
14 1155 582 204 526 173 - 119 160 
28 1021 147 4 164 41 1 3 n.d. n_v,c_L 

48 ' 997 102. 3 116 498 3 n.d. 3 
50 

lfE—-| CARBON TETRACHLORIDE
‘ 

1400 ------ ----- -' ' *' * — ' ' 

. . .. 

. 

120° " --B-MSHA 
.. --a—MsI-Ia 
200° -,-O-.-.M5_HC 

z —an—MsLD 
E5°° ‘ --X-MSLE 
E -l—‘M§LF 
55”’ ‘ -B-MSHH 
g 

' 

-9-,-.-M5Ln 
8400- ,3 mp 

200 -- 
_"MDL 
----PQVL 

o« 15 an nuaztghm so 35 ~ 45 50

~ 
474



~~
~

~ 

20 .. .25 30 
TIME (days) 

TETRACHLORORETHENE (PERC) Mlcrbcosrh 5 

Result cofncentratign in M94; 

SITE WATER 35 
V 

‘ 6 

Iime Msnn MSHA MSHB Msua 
0 47
5 
14 

. 28 
48 
50 

V 

predictednen aftergas removed _ 

14 22 33 s 7
‘ 

28 33 15 23 -2 1 J 

[[7-j—_I TETRACHLOROEIHENE (PERC) 
’ 

',‘,"8,'_':§_‘§g; 

7o 

6° " -I--M5HA 
.. —g..—MsHa 

» § 5° j. -0-—MsHc 
‘Z’ -11:-M5LD 
8 4° ' *-‘x-‘-.Mj5LE
< 
E —|—M5LF 

E 
3° " -B,-M5HFi 

Z --G-MSLR 
3 2o —.-MDL 

----~PQL 
W " _.¢..+,9up 

o ,. . . . . , 

o 5 10 15 as 45 5'0
‘



1.1,2- Trlchloroethane Microcosm 5 

"Result cbncentrafion in 

SITE WATER 4 

Time MSHFI MSHA MSHB MSHC - MSLR MSLD MSLE ‘ M5LF 
0 . n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
5 n.d. ~ 12;‘ 

A 

8j j 17j n.d. 7j 
14 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
28 n.d. n.d. 

_ 

'n.d. n.d. n.d. n.d. n.d. n.d. 
48 n.d. n.d. r_1.d, n_.d_.v n.d." - n.d. n.d. n.d_. 

so . 

. 

" V 

.. -. . MDL=6.0 E. ‘ 4 

1,1,2-TRlCHLOROEl'HANE POL = 18 
2o 

’ ’ ‘ 

18 . . .. ~ -“R‘—M5HA 
___‘° 

" --as--MsHa 

314 _ —o—MsHc 
3 MSLD 
g‘? " —x—-Msus 
‘£10 4. +MaF 
5 3 " —-0 MSHFI 

§ 6 : _ —e—M§1.n 
4 0 -—~_IDL. 

....... ..pQ[_ 
2 .. 

o I! a : 

* 

an: . . in : . : 5- 
o 5 1o 15 20 TmE2&ays) 30 as 45 so 

f\..

. 

'

.

\



\

_ 

.

.

1 

TRICHLORORETHENE (TOE) 
I 

Microcosm 5 

Result cdncéntration in pg/L 

SITE WATER 197 . 

' 

86 

Time M5HR M5H_A M5}-LB M5HC MSLR MSLD MSLE M5LF dup 
O . 462. 442 124 122 
5' 418 420 410 410 

A 

125 123 129 129 
14 466 353 308 

_ 
319 149 119 107 107 

28 428 156 219 234 111 as 74 68 
48 427 301 283 300 151 95 » 108 104 142 ‘ 

50 

Predncted left, based on venting '

A 

14 . 377 279 333 99 86 103 
V 28 281 195 229 ‘ 28 

V 

70 59 
'

\ 

A [E3 A 

TRICHLOROETHENE (TOE) _M_DL = 0:03 
I PQL = 0.24 

500 , 

450 * 

400' -5-Mam 
—.e.—MsHa 

3, 
° =-in-’—M’5’HC 

goo —-X-MSLD 
Fso 1 -K—M5LE 

ai-*M5.LF 
0° _-E-‘M5!-IF! 

§5° 
mo 6'' dup 

— ———MDL 
so ----—PQL 

O . . . ’. ‘. 2 
'1 ’. 

. 1 E 

o 5 1o 15 20 1-.ME2§,',ys) an as 40 45 so



CHLOROFORM 
I 

Mlcrocoem-5 

Result concentration in pg/L 

SITE WATER 71 20 

22 

99 90 . 

48 
, 

57 265 2-19 231 81 86 81 21 

Amount present based on venting 
14 ' 

V 

69 71 16 21 20 19 
28 102 259 93 23 "74 91 82 

E CHLOROFORM M0111-= 0-.05 
PQL =0.27 

35.0
' 

300 —B—-M5HA 

g -a.—MsHB 
as 25° -4-,M5Hc 
§ 200 -—u_-MsLE 
L;

' 

E 150 --l£—M5LD 
lg —a—MsHn 
E 100 ° 

50 ‘ 

er Dup 

- o '-'.*-jE0L_

so



‘~‘ 

'% 

% 

%* 

T

T 

I% 

§ 

»'—~—& 

DICHLOROMETHANE Mlcrocosm~2' MAC = S pg/L ’ 

Result conce_n_tration in pg/L 
I

’ 

_ 

SITE WATER <PQL <PQL 

Time 
V 

M5HFI . MSHA MSHB MSHC MSLR MSLD MSLE MSLF 
0 n.d. n_.d. n_.d. 

5 n.d. - 

. n.d. n.d. n.d.. n.q. n.d.- n.d. 
14 n.d. n.d. n.d.? . n_.d,_ n_.d_. ‘n,d_. n.d. n.d. 
28 n.;d. n_.d, n.d. n.d: n_.d_. n.d. n.d. n.d. ‘ 

48 n.d. n.d. n.d. ‘ n.d. n.d. n.d. n.d. n.d: 
.50 

'

. 

MDL= 1.3‘ DICHLOROMETHANE POL = 33 
4_§ f_,_', I.’ , _ ,‘ , , , _ _, Q. ':‘L','''_‘"'''''_';',,','' 

4 __ 
-‘-"H--MSHA 
—&-MSHB 

gay-5 ' —.«p—M5Hc 

3 ‘3 . -X-M5LE 
o —+—Msu= 

- 

F 3'5 " ‘-at-Ms_L.o 

E 2 - -E-—M5HR 
3 -e—MsLa 
§ 

' 
__ _ _ 

1 .. --~--- POL 
.. 

o I E : I . + . 3 . . : : 
' i—— 

o 5 1o 15 20 nufizams) so as 40 45 so 

single point



Mlcrocosm 5 cis-DICHLOROETHENE 

Result concentration in pg/L 

sms WATER <PQL <PQL 

Time 
‘ 

MSHR MSHA MSHB MSHC M5LR M5LD MSLE MSLF 
0 n.d. n.d. 

, 

' 

_ 

n 

n.d. n.d. 

5 n.d. n.d. . n.d. n.d. n.d. n.d. n.d. n.d. 

14 n.d. . n.d. 
b 

n.d. n.d. n.d. n.d. . n.d. n.d. 
28 n.d. n.d. n-.d. n.d_. n;d_. . n.d. 

' 

n.d. n.d. 

48 n.d. n.d. n.d. n.d. n.d. 
‘ 

n.d. ‘n.d. n.d. 

50 

[E ' 

\. cls.-DCE 

A 

M.DL='5.7‘f"._ ' 

. 

' ' PQL=19 
20 _ 

. -5-'-M5!-IA 
" 13" —.u—MsHa 
A 1e-- 
§ 14" --as-MsLE 

; -12 _ 
—+:—MsLF 

g -at--M5LD 

E 
1°" -S-MSHR 

E 3.. —e—M5LR 
3 6“ -—-.MDL 
3 ----POL 

. 

4.- 

2 .. 

on I 2 I‘ : . 
i’ : : .... .. : 5-- 

o 5 10 15 2o flmezafiys) so as 40 45 50



Trans-[$lCHLOROETHEl'E~ Mlcrocdsm 5 MAC: 1oo ugIL 
Result concentration in pg/L

I 

SITE WATER <PQL‘ <POL 

Time MSHR M5HA MSHB M_5HC - M513 M5LD MSLE MSLF 
O n.d. n.d. -_ n.d. n.d.

_ 

5 n.d. n.d. n.d. A n.d. n.d. n.d. n.d. - n.d. 
. 14 n._d. n.d. -n.d. n.d. n.d. n.d. n.d. n.d. 
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

' 

n.d. 
48 n._d. n,d_. n_._d_. n,d, n.d. 

_ 
n.d. 

‘ 
n.d. n.d. 

so 
_

V 

trans-DOE 

2g 4 _, ; 

18 -I—M5HA 
16 -- —a—MsHB 
“_ .-1*I—M5HC 

5 ->1-M5LE 
3 12 -- -1-—M5LF 

. 51° _ -3:-—'_ MSLD 

E ( 

-E-MSHR 
.8 

a-- ' 

.-see.-M5LFi 
z -—MDL 
8 6 

........ ..pQL, 
4 '1 

2 .. 

0 B I Q: : . . I . : : 3---‘ 
o 5 1o 15 20 Tlufigfmys) so as 40 45 so



VINYL CHLORIDE (vc) 
' 

Microcosm 5 

Result concentration in pg/L 

sms WATER 
_ 

<PQL 
_ 

\ A 
<PQL

_ 

Time MSHR M5HA M5,H_B M5HCA M51.n Maw‘ MSLE MSLF 
0 n.d. n.d. ' 

A _ 
n.d. n.d. 

-A-—M5HB 
-O—M5HC 

3"‘ 
- 

» —)'(-MSLE 
—O—M5LF \

» 

-X—M5,LD 
-a—M5fHn 
‘—6—M5:|-H 

7. —MnL 
.._.;.-..-.~.pg_[7_ 

T-
\ OONCENTRNHON 

0191!.) 

-§ 

0

‘ 

O -> I - 
:A I : : : 

‘I: 

20 Tmgzéhys) so _as 40 45 so

-

v

r

,



CHLOROMETHANE Mickocosm5 

Result concentrafidn in pg/L
V 

SFTE WATER <PQL <PQL 

Time . 

HMSHR MSHA MEHB . Msnc M5LR 
V 

MSLD MSLE MSLF 
0 ' n.d. 

A 

n.d. n.d. n.d.
' 

5 n.d. n,d,A - n_.Ad, n.d. n.d. n.d. n.d. . n.d. 
14 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
28 n.d. n..c_i;.; r‘1..d.. M. n.d. n.d. r’1..d. n.d.. 

48 n.d. ' n.d. n.d.- n.d. n.d. 
‘ 

n.d. n.d. 
' 

n.d. 
50 ’ 

- Chloromethane 

zo 7' ; : . 

,8“ -Q-.—MsHA 
_ —a—Msa-as 

§4__ -O--MSHC 

§'2__ —)(—M5LE 

51°“ -.-+-M5_L_F 

gs _ 
-au-Mam 

gvsv W T -B-MSHR 
8 -9--Maui 

4 " —.MoL 2" 
---~. PQL A 

«on I . II: 
_ 

4 . E‘. . . . E—-< . 

o 5 1o_ 15 2o “Mg->‘§,ays)' so as 4'0 45 so



~

~ 

<PQL 

MSHA 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

Microcosm 5 

PDITW 
MSHB MSHC 

n.d. n.d. 
n.d. n.d. 
n.d. n.d. 
n.d. n.d. 
n.d_. n.d.

~ 

~~ 
' <PQL 

MSLR M5LD 
n.d. 
n.d. 

A 

n.d. 
n.d. n.d. 
n.d. ’ 

_n.d. 

n.d. n.d. 

MSLE 
n.d. 
n.d. 
n,d, 
n.d.. 

n.d. 

M.5LF 
9 

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

Du'p 

n.d. 

METHANE 
‘SITE WATER 

fime MSNHR
0 
5 n.d. 
14 ,|'\_.d_. 

28 n.d; 
48 n.d. 
50 

10 
k V 

(nmoles)

¢ 

an

~ ~

~ 

‘—o—‘ "iii;/[Er-In

~ --E-V-MSHA 

---:~<« -MSHC 
-32-MsLn 
-0- M5,LD 
--+—M5LE 
.._._-M5]_}= 

‘If-""MDVL 

-----POL~ 

~ ~

‘-



l

~ 

' EFHANE V 

.Mlcroc'osm 5 
” SITE WATER <PQl, 

» 

<PQL 
W V _ . . 

PPWV 
. . . 

’

. 

Time MSHR M5HA MSHB MSHC MSLR MSLD MSLE Mv5_LF 
0 ' 

n.d. n.d. n.d. n.d. 
5 n.d. n.d. n.d. n;d. n.d. n.d. n.d. n.d. 

E ' 14 "n.d. n,d_., n.d. n_.d,. n.d. n.d. n.d. 
' 28 n.d. n.d. n.d. n.d. n.d. n.d; n.d. n.d. 
48 n.d. n.d. n.d. 

. n.d. n,d_. n_,d_. h_.d, n.d,— 

7 50 V 

I

_ 

m 
E_thane 

1o

9 

n 3 —o—M5Ha 
7 --H--M5!-IA 

33 MSHB 

II 35 —-1»ve~M5Hc 

E -J!-MSLR 
4 ao—M5LI5 
3 --i—M5LE 

fl 2 -,—'M5L_F. 
. 

1 
—-MDL 
-.--'-" POL 

H
0

~



~ 

EFHENE Microcosm 5 

SITE WATER <PQL 
_ 

<PQL ‘ 

Ppm/V 
Time MSHR M5HA M5HB MSHC MSLR M5LD M5LE MSLF 

’ 0 n.d. n.d. ‘A n.d. n.d. 
5 n.d_. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
14 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
28 

_ 
n.d. n.d. n.d. n_.d,- n,_d. n.d.- n.d. n.d. 

48 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
50 

Ethane (nmoles per microcosm) 

-0-M5!-lfi 
--fl-MSHA 
-A--MSHB 
-0-.-MSHG 
-sat-_-.—M’5LD 

--x-M5LE 
--;-- M5l.F 

.‘ W ‘ 
N-:‘\\"\'-:»~. 

. 11me(days)



~ Dup 

n.d. 

Tlme (days) 

ACEFYLENE Mlcrqcosm 5
1 

SITE WATER <PQL <_PQL 
.. ...PP'“’V. 

_ .. .. , _ 
‘ Time M5HR MSHA M51-IB MSHC MSLR M5LD MSLE: M5LF 

0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
7‘ 

n,¢_1. n._d. n.d. n_,d_; n.d. n.d. n'.d, n.d. 
28 n.d. V n.d. nn. ' n.d. n.d. n.d. n.d. n.d. 
48 n.d. n.d. n.d. 

, 
h.d.— n.d._ n.d. n.d. n.d. 

50 

--~ 

Anelylehe 

12.0.6 

-O-MSHR 

M5}-{B 
a,,oo . 

-—-M--M5Hc 

'§ 590 »-’9|II-M5!-.R 

= —o—M51.D 
4,00 --+--MSLE 

--’M'5LF 
2.00 MDL 

o.oo 
'"-“Pm”



Volalile Fatty Acids-M5 

citrate None Added 
Lactate Glucose 

_ 

cone. (mM) 
day MSLD M5|.E M5LF ’ MSHA M5HB M51-10 not-c.(nu/L) 

day M5LD M5LE MSLF M5HA MSHB Msuc 0 12.3 11.3 12.4 13.4 12.5 . 13.5 
8' M1. M1. n.d. M1. 20] - 15] 5 12.6 10.4 13.3 12.5 11 13.4 

14 178 275 163 52 407 69 8 12.9 12.1 12.8 124 10.9 12.3 

28 411 
' 

1498 _ 1390 1301 1175 -1718 14 10 7.6 1.1.6 9.9 7.8 10.9 

48 607 2035 2340 2842 2169 2220 15 19.3 19.6 24:6 23.8 24.7 22.7 

_ 

20 15.4 17.0 23:2 22.4 19.0 - 21.9 

Formats 28 20.8 19.4 25.2 27.0 26.0 25.2 
cone. (mg/L) 35 19.2 19.5 2625 25.7 25.3 24.1 

day MSLD MSLE M5LF= MSHA M51-I8 MSHC 42 19.3 16.8 22.4 24.4 25.6 21.9 
3 15 10] 13 10] 11] 13 48 19.1 18.4 24.0 25.7 25.7 21.4 

14‘ 57 '41 88 40 43 44 
23 78 61 62 ‘S6 70 99 
4a 101 as 76 a7 as 79 V Tltanlum 

' None added 

Acetate » 

_ 
conc.(mgIL) ~ 

day 'M5LD MSLE ‘MSLFV M5!-1A M5!-IB M5HO 
8 n.d.; n.d.' M1. 41] G7 53 

14 221 353 235‘ 192 348 174 
23 569 601 443 372 432 823 
43 939 493 558 412 602 ass 

Proplonata ‘ 

, ¢9"°-("ISM 
day MSLD MSLE ;Msu= MSHA M51-IE M51-10‘ 

- 3 M1. M1. ‘n.d. mi. 11.6. ml. 
14 n.d. r|.d. M1. M1. n.d. pm: 
-28 n.d. n.d. 

‘ n.d. n.d. n.d. n.d. 

48 n.d. n.d. M1. ad. M1. M1. 

This data only 1ov1he_1purposes otgraphing 
0520 . 014 

day lactata tormata acetate pmplonata day laétata acetate propionatp 
B 13 0 ‘O 8 12 11 54 0- 

14 205 45‘ 270 0 1.4 176 42 -238 0' 

-28 1100 67 0 28 1565 75' -37,8 0 
48 1661 38 664 0 48 2411 34 427 0 

"5 VF“ °52° 
- 

1 

M5 VFAs 014 

' “"5 “'9'” ma: (daya) 

H '1-_--_1l_--I 1 

* ‘ 

3 

' 1:‘;-E_‘



>A\~ 

2+» 

‘

.

'

I 

L 

j

; 

-' 

- 

-

I
\ 

~~ 
Tetfachloroethafle (TeCA). A Mlc'rocosm6 

Result concentrafion in pg/L » 

sm: WATER 2114 A ‘ass 

Time 
’ 

M6Hfi~_ M6HA M6HB Mew Meus Maui 
. wj . 

_ 

3] _ 

. . 

' 

n'.d_. n.d.
' 

, n.d. n.d. 
' 

.n.d.‘ n.d. n.d.
’ 

n.d. n.d. .

A 

h_.<_:l. 
» 

n_,d_.A n.d. ' h.d.- n.d. 
n.d. n.d. n.d. n.d. n.'d. 

_ 

7- -'-377* "’ "
. 

TETRACHLOROETHANE POL = ,7 
2500 E 

..2jojoo‘- -fl-MSHA 
é 

' --a--Mans 

21500" =o—MsH_c 
EA 
-“ -it-MSLE 
E1000 --4-MSLF 
g A 

-~a—'MsHn 

8 soo 
_ Mam —MnL. 

....L.;;. 

. . 

"""" " la‘ 5: MBLHd 
1o ."ME1alm) 20 

V 

25 _ag



n.d.,
' 

CONCENTRATION 

(|,IgIL) 

1400 

1_2_OO 

soc’ - 

400 

200 

== 

woo 

800‘ 

+ 7 H 4 3 .. , . 
‘ 

3 .. 

5 1o TlME1&am ‘2o 25 

Carbon tetrachloride Mlcrocosm 6 
V 

MAC = 5 u§IL 
Result cqn_centration.i,n pg/L 

SITE WATER 904 354 

Time M6HR MGHA M6HB M6LR M6LD M6LE M6LF 
O 

_ 

1014 0.3] - 454 7
' 

0.04 - n.d. , 

V 

3] 
0.08 0.05 0.3;’ 

1 980 n.d. n._d. n.d. 474- n.'Ad7. n.d. 
24 1065 -n.d. 

' 

n.d. n._d. 397 0.05] 0.05] 0.05] 
6 

A 
1035 n.d. n.d. n_.d_. 472 n.d. An._d. n.d. 

. 14 1113 n.d. n.d. . 

V 

n.d. 510 . n.d. n.d. n.d._ 
29 1197 n.d. n.d. n.d. 460 i_1.d;~ n.d. n,_d_. 

CARBON TETRACHLORIDE MDL= 0001_ 

M6LFld 
398

. 

v- 

1 

.\

.



TETRACHLORORETHENE (PERC) Mlcrocosm 6 

Result concentrafion in pg/L 

bS|TE WATER 35 
_ 

_ 6

-

; 

‘

_

1

‘ 

A

. 

' 

r 

.

. 

\ 

-.

, 

.

A

- 

Time M6.L_F 

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

Mg * ” g‘**MoL=“o:ojaf ‘ Lj TEI'RAcHLORORETHENE(PERc) pQ|_=o_o9w 
—’&-Ms»-IA 
‘--is--M61-IB 

-a—M6Hc 
-3-MSLD 
—)6—M6LE 
-+-,-.-Ms,L;= 

—a-MsH'n 
M6LRd 

. 
--—MDL 

_"’—_9__ ._ 
#3 :9 2----POL 

II : : H-« 

nME1(s&ays) 2o 25 so 

-3 

CONCENTRATION 

man.)

5 
2% 

8»

~ 

0 
_ 

5 10



1,1,2- Trlchloroethane Microcosm 6 

Result con_cen_tration in pg/L 

SITE WATER
» 

Time _M6H'H M6HA M6H'B' M6HC MSLH M6LD ' M6LE MGLF A/.l6LHd 

0 n.d. n.d. n.d. 
_ 

34 n.d_. 

o.o4_ n.d. n.d. .

_ 

o.os 
I 

n_.d. n.d. 
1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
2 7j n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

_ 
6 n.d. n_.d, n.d. n.d. n.d7 n.d. n_.d_. n.d. 
14 n.d. n.d. n.d. n.d. n.d. n.d. 

» 
n.d. n.d. 

29 n.d. n.d. n.d. n.d. 
_ 

‘n.d. n.d. n.d. n.d. 

' 
~ — » MDL=6.0 

_“-'‘‘°' 
,, 

V 

1.1.2-TBICHLOROEIHANE PQL =13 
4° . 

V4 . __ 

as V 

’ R ' -78-Men}. 
a_o - -as--MGHB 

E -..-O-"-MBAHC 

z 25 - —aI:—MsLo 
E V 

-2-)(—MV6:LE 

E 2° 
" --«_é--MGLF 

§ 15 __ 
' ‘ ' ' ‘ ‘ ' ‘ ' ' ‘ ’ ’ ‘ ' ' ' ' ' ’ ' ' ’ ‘-—M6I-{R 

2 —eaM1aLn 
3 10; --MDL 

5 -- 
‘ 

'
. 

0 91¢ : u ' 

: r% . 1 "B- 
o 5 10 V 

.nME1(5dam 2o 
_ 

25 ac



~ 

TR.|CHl.-OR0R.E1'H.ENE(T¢E_) Mlcrocofimfi 

Result concentration in ugIL 

SITE WATER 197 86 

Time M6.HF_{ MSHA Msna MsHc 2 MSLH MBLD .M6LE M6LF M6LRd 
O .457 269 1 13 1 15 1 19 ' 

0.04 240 68 
0.03 ' 

A 
250 . as 

1' 442 n.cL n.d_.A 
' 

n.d. 112 n.d. n.d. n.d. 
2 411 n.d. n.d. - n.d. 98 n.d. 

A 
n.cL n.d. 

6 422 n.d. 
’ 

n.d. n.d. 126 ‘ 

n.d. n.d. mi 
14 465 n.d. n.d. n.d. 142 n.d. n.d. n.d. 
29 497 n.d. n.d. ' n.d. 146 nd, n.d.- n.d. 

A: 
TRICHLORORETHENE (TOE) MD‘-= °-03 

PQL = 0.24 

500 A . -I-MGHA _ 
_—~ -at--MSHB 
‘é -‘-I-‘-Ms]-lc 
§°° -at-MsLD 
o —x—-MsLs 
'3 =i‘—”M5LF 
Em -5-MGHR 
.,, —e.——MsLn gm 9 Mama 

.---MDL 
100 

—--mL 
' T 

o v 

.- 
‘ 3 -.

* 

o s 10 25 1%‘-‘f~»



CHLORQFORM Mlcrocosrn 6 ' 

Result concentration in pgIL 

SITE "WATER 
_ 

71 20 

Time MBHR MGHA M6HB MBHC M6LFl M6LD M6LE M6LF lM6LRd,_ 
o 65 n.d. 2o 1 

- 
' 

_ 

18 
0.04 

' 

n_.d_., . n.d. 
n.d. n_.d_. 

n.d. n.d. n.d. 19 n.d. n.d. n.d. 
n.d. n_.d_. n.d. 18 n,_d_. n.d. n.d. 
n.d. n.d. n.d. 22 n.d. n_,_d. n.d. 

n.d. n.d. n.d. 18 n.d. n.d. n.d. 
n.d. n.d. n.d. 2_O n_.d_. n.d. n.d. 

CHLOROFORM 

3 -—a-MsH,A 
'0: 

--Ar-M6_HB 
< -—G—M6HC \’ 
E 

1--)1--MSLE 

o -l—M6LF 
§ -air-M.s'LI2 

__3 -E—M8HR 
'1 --9-—M6LFl 

0 1. -. .; . 1 11 jggfm 
o s v 10 15 2o 25 an 

_______ POL 
‘ TIME (days)



%%%=;;;1%-=%%%;f'?%%%=‘;Qiél 

_D.|.CHL0R.0.METHANE 

Resuli concentration in pg/L 

SITE WATER 

Time 
» o 
0.04 
0.08

1

2 
.6 
14‘ 

29 

<PQL 

Mlcrbcosm 6 MAC =5 pan. 

’ <PQL 

M6HC MGLH Maup MGLE M6LF= M6LRd 
n.d. 19'» 

17 
_ 

- 

A 

12 
n.d. n.d. n.d. ’ n.d. 
mi-. n.d. n.._<.i.. .n..d. 

n.d. n.d- n.d. _ n.d. 
n.d. n.d. n.d. ‘n.d. 

n.d. n.d; ‘ n.d. n.d. 

nIcHLonoM_E1H_ANE MDE1-3 ~~ 

T1ME‘(71ays) 
2° 25 3



~ 

Mlcrocosm 5* MAC = 70 pg/L 

Result concentrafion in pg/L 

SITE WATER <PQL <PQL 

Time 
_ 

M6_HR M6HA MSHB M_6HC . MSLFI MBLD MSLE1 M"6LF MGLR 
O n.d. 221 n.d. 191 ' 

O._O4 401 
' 177 

0.08 347 fl 139 
.1 n.d. 537 544 547 n.d. 246 252 255 
2 . 546 552_ 559 h.d. 262 

‘ 

266' 256 
6 n.d. 448' 5 

228 ’ 

14 n,d_. 
29’ n.d. 

Predicted concentration 
_ 

V 
_ _ 

.re_rn,a_i_ning at day 6 403 417 439 205 205 193 
\ day 14 414 449 435 178 150 137 

DAY 29 . 291 280 .. 349 72 163 55 

M6 ens-Dc; 
V 

iv\nL=e.4 « 

‘ PQJ-=19 
600 

500

Z 
9. . I- 

. . 

E”.2 
u:

. go
8 
100 

o 5 1o .rmE1éays) 29 2; so



.

. 

‘\ 

Trans-DICHLOROETHENE Mlcrocosm 6 MAC -.= 100 pg/Ll 
Result concentration in H9’L

~ 
SITE WATER <PQL ‘ 

, 
<PQL 

"Time M6HR MGHA M6HB M6HC§ MGLR M6LD MGLE M6LF 
' o n.d. 157 n.d.- 139 

0.04 241 - 1 1 9 
0.08 

1 n.d. 
2 n.d. 
6 mi. 
14 n.d. 
29 n.d. ~ 

Predicted va__lue based on.g_mount_ of gas rerfiéved 
remaining at day 6 

_ 

170 192 ’ 190 
_ 

101 1 03 104 
day 14 129 136 128 63 55 51 1 

day 29 '72 76 124 
> 

33 82 
I 

49 

M5 trans-Dc"E Mm_a_- 5,3 "'"" ' “ 
_ 

PQL = 18 
'L!'.i'I'I:ZZ§ZfI.Z§ fl. .. :,.;.I§:I:f.. ....T.LIf:. _ .. IZjII..I.IZ.I... . LIL: _ 

‘ "iii." 

aoo --I--M6HA 
__ 

1 

-‘.-'&'-f-‘~M6‘HB 

$50 -0--M_sHc 
;] -.-_-K-.—1M6yLE> 

3.200 1 —'|—M6LF 
< -BK--MSLD 
E150 3.1‘ -3-11sH'a 
5; .1, 

--G-MSLFI 
8100, ¢ M§Rd 

‘ —MoL 
so —----POL 

0,. 

o 5 
_ 

A 

' 10 men days) -20 » 25 so



. VINYL CHLORIDE NC) Mlcrocosms ' 

PQLv=:11ug/L 

Result con¢.e_ntra__tion in pg/L 

SITE WATEFI <PQL <PQL 

'nme' 
' 

MGHFI M6}-IA M6HB M6HC MSLR Mam M6LE MGLF M6LRd 
O flu. 27 nd, Q nd. 

0.04 / 31 . 

— 21 > 

Q08 - 41 . 35 
1 n.d. 59 58 56 n.d.‘ 28 32 31 
’27 n.d. 53 43 50 n.d. ~_ 14 14 
_6 ng. ' 11 11 8 ad, nu, nd. 

' 

md. 
14 n.d. 13 12 12 n.d. 91 103» 10] 
29 nd. . H H m md. - nd. ~fi nu. 

70 

so- 

Eiso 
as 
5 40 ~ 

5
I 

530» 

E 20u 
_. 

O. “. 

°§ 10 1 5 
TIME (days) 

Page 1 

1 I I | 1 I 1 I I 1 I



\ 

CHLOROMETHANE Mlgrocosm 6 

. Result concentration in pg/L‘
' 

SITE WATER <PQL ,» <PQL 

Time MeHR' MSHA M5HB M6HC M6LR MSLD M6LF M6LRd 
0 n.d. » 29 n.d. n.d. . n.d. 

0.04 26 n.d.
’ 

0.08 n.d. 
1 n.d. n.d. ‘n.d. n.d. n_._d, n.d.» n.d. _n>.Ad_. 

2 n.d. n.d. n.d. n_.d. n.d. n.d. n.d. n.d. 0

. 

6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
‘14 n.d. n_,c_!_. n.d. n.d. n_._d, n.d. n.d. n_.d, 

29 n._d. n'.d. n.d. n.d. n.d. n.d. n_.d.V . n.d. 

, 

'g.g‘ ”(2_lV'n7|t:Mroi'r>Ie’tl'|>a'r1—eM 
0 Mom 

I 
_PQL=.19 

so 

gs 
Z . go 
E5 
2 o 8 

, _ . 

51
B o . 3 ~ 

, : 
_ 

“_ 0*
: 

’ ° 0 1° n..s(a;;s; 2° 2.5 0



~ 

M.E.-.'l'HANE .MIc‘.ro.cos.m 6 I 
<PQL ' <PiQL 

. 

V 

' 

- RESULTS in ppfiiv ~

' 

Time 4M6HFl M6HA M6HB M6HC M6LFl M,6LDv ' M6LE ,M6LF M6LRd ' 

‘ I 
V 0 n.d. n.d. n.d. 'n.d.- 

“ 

n.d. . 

0.04 
_ 

n.d. . 3], ~

' 

0.08 ' 

‘ 

86 « 11 , 

1 n.d; 89 a4 . 96 n.d. 26 28 30 I 2 n.d. 93* 84 - 93 n.d. _ 

' 36 . 32 25 
6 n.d, 11 1o 1 

. 15 n.d. n.d. ~ 2 2 
14- n.d, n.d. n.d. n_.d_. n.d. - ’n'.d. n.d. n.d. 1 

29 n.d. n.d. n.d. rid. n.d. 
" 

n.d. 12 n.d. I 

MDL,-.=2
U 

PQL=6 ' 

—.‘a—'M'1aH’a 1' I 
-5-MjlaHA

‘ 

--ar—M1aHa ’ 

‘-—O-M1aH'G 
-—G—-M1aLFl _ 

_
. 

V-1!‘-M18LD 
-N-M1aLE 
-i-M1gLF

, 

1_—-..—u_1o|_
_ 

1---POL

' 
11m9(d8Y8)



ETHANE Mlcrocosrfi 6 ‘ 

SITE WATER <PQ_L <PQL 
Results In ppmv 

Time MGHR 
V 
M6HA MGHB M6HC MGLR M6L_D M6LE M6LF M6LRd 

0 n.d. n.d. 
' 

- n.d. n.d. 
0.04 n.d. 

" 
n.d. 

0,08 n.d. n.d. 
n.d. 5i 5] -3] ML’ n.d. - n.d.. n.d. 

2 n.d. «n.d. 'n.d_.: 
_ 

~ n.d. n.d, n_.d. n.d. 
6 n.d. n.d. 

' 

n.d. n.d. n.d. n.d. n.d. n.d. , 

n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n_.d./ 4] n.d. n.d, n.d. n.d. 

\ 
M6 Ethane nmoles 
10

9 

8 -E-_~M1aHR 

7 -a;—M1aHa 
3 -0-M1aHC‘ 

3 "—'a=-‘Mi1aL.n 
5 —a|e-M1aLn 
4 --x--M1aLE 

3 
—o—'M'1au= 
—-MDL 

2 --‘-'-‘-‘e’-PQL

1 

0 .. . 

0 5 1o .nme1&ws) 20 25 so



ETHENE 

SITE WATER 

Time
0 

0.04 
0.08 

M6HR 
n.d. 

n.d. 
n.d_, 

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

<PQL 

M6HA 
n.d. 

4: 
18 
7: 
14 
4; 

Mlcfoeosm 6 

Results In phnjv 
MGHB MSHC 

n.d. 
1 , 

9 
,
9 

16 19 
13 16 
15 14 
5] 22 

M6LR 
n.d. 

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

« n.d. 

<PQL 

M6LD 
n.d. 

61' 

1 1 
51' 

5i 
n.d. 

M6LE M6LF 

to-3 

0) 

Tlme (days)

~ 

M6LRd
_ 

ntd,

‘E



» 

ACETYLENE 

SITE WATER 
Time MSHFI 

0 n.d_. 

0.04 
0.08 

1 n.d. 
2 n.d. 
6 n.d. 
14 nd. 
29 n.d.

. 

<PQL 

M6HA 
n_.d_. 

n.d. 
lid.- 

n.d. 
n.c1 
n.d. 

Mlcrocosm 6 

M6!-{B 

n.d. 

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

A<PQL 
Results In ppmv 

_ 

MSHC 

n.d. 
n.d. 

4i 
n.d. 
n.d. 
n_.d, 

MBLFI M6LD 
n.d. n.d. 

n.d. n.d. 
n_.d_. n.d. 
n.d. n.d. 
n.d. n.d. 
n.d. n.d. 

M6LE 

n.d. 

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

M6_LF 

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

nmoles 

o-4-u.co.>-'a:a>~Am 

15 
Time (days) 

20 

M6LRd 
n.d. 

n.d.
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~ 
Tatrachloroethane (TeCA) Mlcrocosm 7 Altamate chelator 

\_ ~

. 

Resultconoentrafion In pg/L 

SITE wA1'EFz 695 

me 
_ 

V 

M7LR M7LD M7L_E M7LF Dup 
0 * n.d. 

0.04 n_._d. 

0.08 ‘ 

1 n.d. n.d. 
3 n.d. n.d.
7 
15 n.d. n.d. 
28 n.d_, n.d. 

‘ -= 5 7 
|fi7_:| TETRAGHLOROEI1-l_ANw_E 33:‘: 17 

00NGENTRA'I10N(|:a'L) 

.,§§§ 

§§§§~‘§‘

$7



Carbon tetrachlorlfde Mlcrocosm 7 Alte_rn_a_t_e chglator MAC»: 5 pg/L 

Result concentration in pg/L . 

SITE WATER 
I 

364 

Time M7LR MTLD M7LE. M7LF Dup 
0 ' 

. . 374 n.d. 
0.04 n.d. 
0.08 n.d. 

1 506 n.d. n.d. n.d. 511 
3 503 _n.d. n.d. n_._d. 

7 
J 

V 

490 n.d.. n.d. 
A 

n.d. 

15 _ 
526 n.d. n.d. n.d. 486 

28 
A 

495 n.d. mi mi 497 

M7 CARBON TETRACHLORIDE MDL = 0.001 
£Ql_=.0.nQa_ 

soo - _* ’ ’ ‘ ‘ 

soo ~:: 
_I 

3 -1-—M.7LD 
2 mo --It-—M7LE 

E --+--M7LF 
goo 4} M7LRd 

E] 
—-MDL 
——-—PQL 

3 2“ -:--o---M7Ln
8 

100‘ 

o : au-----« 

20 25 so 
1-ms (days)



TETRACHLORORETHENE (PEFIC) 

Result eonéentréfion in pgIL 

sr_rE wmsra 

fime ~

0 
o.o4 
o.o_a

1 
vs

7 
15 
28 

‘ Mlcrocosm 7 
‘ 

Alteri-Iate chelator 

o—-u4~uuo~1aao3‘

~
6 

M7LR M7LD M7LE M7LF Dup 
4 . 3

2
2 

5 nf.d._’ n.d. n.d_._ 
' 

- 5 
I - 6 n,d, [1.d, n.d. 
4 n.d. n.d. n.d. « 

6 n.d. mi n.cL v 7 
8 n.d n.cL n.d. 8 

MDL = 0.03 
Df\| n ma TETRACHLOROETHVENE (PERC) 

5 
_ 

_1_o 15 29 25 30 
J . 

'

..



1,1,2- Trlchloroethane Mlcrocosm 7 Alternate chelator 

_ 

Result concentration in pg/L 

SITE WATER 

Time M7LR M7LD M7i_E 'M7LF Dup 
0 n.d. _ n.d. 

0.04 n.d. 
0.08 n.d. 

1 ’ n.d. n_.d. 
' n.d. n.d. n.d. 

3 n.d. - n.d. n.d. n.d.
‘ 

7 n.d.; n.d. » n.d. n.d. . 

15 n.d. n.d. n.d. n.d.‘ n.d. 

28 ‘ n.d. n.d. n.d. n.d.V n.d.
_ 

. 

- 

I . 

‘ M‘b’L'= éfd 
~: 

1,1,2-TRICHLOROETHANE POL: 18 
2o ............... .. 

1a """ 

1s -- 
' 

E 14 __ 
-6(-M7LE 
....[.'.‘.‘._'.'M7LF 

. E 12" -e—aM1aLR 

E ‘1o-- :MDL 
E 8__ ........ ..PQL

2 
3 e 

4 .. 

2 «- 

o.-x----u--------a . 2:: . :.:.-. 

o 
‘ do 15 2o 25 - 

T1ME'(<.*.a.vs)



TRICHLORORETHENE (TCE) .M1cr'ocos'r11'7 A|tem_a_te chelazor 

Result concentration in pg/L 

snre WATER. 
‘ 

' 

as 

‘firne 
. 

= 
», 

_ 
M‘/LR M7LD M7LE M7LF Dup 

o . 131 426 
o.o4 453 we 419 A

' 

1 151 261 ‘am 287 151 
3 149 115 135 149 
7’ 143 20 .29 75 
15 155 2 2 go 152 
22 140 n.d n,d_. . 3 1eo

_ 

W J” ’ “W 
TRICHLOROETHENE (TCE) Mo1.=_o.oe 

- - PoL=o.,2_4 

_.-._..M_,‘L.D"'_
‘ 

-X—M7LE 
—.»-1+--M7LF 
J-T-9-—'M7LR 
V M7LRd 

—-—-MDL 
.,.....:...:PQ‘]'_ 

4, , _.g 

""r~.-.... 
\‘“"“~~. 

K MNN 
“ 

: 
*5‘ 

. . at ----- 

1o -15 20 25 30 
__ , 1..T"3!E(dfiv9) ._

'



CHLOROFORM Mlémoqém 7 Alternate chalator 

Result concentration in 

SITE WATER 

'fime

~ 
M7LH 

CONCEN'I'FlATION 

_(|IdL) 

\ CHLOROFORM, MD|-= 0-09 
' PQL =o,z7 

- 

.

0 
_3_ V 

’ .—‘9 

-X’-M>7LE 
--i--M7LF 
-K"M7LD 
-'0-M7LH 

’9 M7LFld 
--—MDL‘ 
--'--POL 

is H . ' .. an 
0 15 20 25 

TIME (days)



DICHLOROMETHANE ' 

Mlcrbcosm 7 Alternate éheiator MAC = 5 pg/L 
Result concéntratioirin pg/L 

SITE WATER <PQ_L 
» 

<_PQL 

fime ' 

V 

M‘7|_-R M7LD M7LE M7LF Dun 
0 n.d. n.d. 

0.04 n.d. V 

' o.oa 
' 

_ 

_ V 

’ 
. n.d. 

1 . n.d. n.d. n.d. n.d. n.d. 
3 n.d. . n.d. n.d. n,d_. 
'r_' 

‘ 

n.d. 
. n.d. . 

_ 

n.d. n.d. 
15 

_ 
n.d. n.d. — n.d. n_,d_. 

28 
_ 

V n.d. , n.d. n.d." n.d. n.d. 

W " 
Mm.=1.a 
PQL = 3 9 

5 , . , . . . . . , . . . , . , .. 

4.5- 

g 
4-- v 

.

. 

__ _ 

--)e—M7LE 
2 3'5 ' 

' 

‘ 

«---9:-1-L-M7LF 

g 3-- -—-)E—M7LD 

§ 2 5__ .-9-M7L,R 

5 
‘ :MDL 

2 
2‘ ”<‘.“”°‘ 

81-5» -3“ .”:7”?’_ 

1“ 
_ _- ,_ _ 

0.5-- 

o as . . . . 

o 5 1o 15 go 25 so 
_ . 

T"-!E,‘(!5!¥.=)_ 

‘x.



cls-DICHLOROEI1-IENE M|¢:rocosr11 7 Altemata chelator MAC = 70 pg/I, 

Result concentralion in pg/L 

sm; w/man <PQL <PQL 

‘Fme M7LE M7LD M7LE M7LF 
0 n.d. n.d. 

o.o4 
o.oe

1

a 
' 7 
15 . 1. 

as n.d. 1130 184 170 

¢,s_DcE F31 : 614; i" " M7 
. 

’°°_F‘=1 

aoo
' 

E 
'--as-‘-'M—?l>'.E 

2 ~.;1».11:vu= 

g . -319-MTLD 

§ -9--M7LR 

E 
:MbL 

z ----"POL 

8 63 M7LRd 

O 
I 

:5 10 15 
W V V 

1.0 
N ' 

25 30 

n:d:



Trans-DlC_H_l,9ROE1_'I-l_EN.E 

Result concenttation in pg/L 

SITEWATER 

fime 
, 0 

0,04 
0.08,

1

3 
7

. 

15' 

28 

<PQL
' 

Mlcrocosm 7 Alternate chelator 

M7LR 
_ 
I‘I.d. 

<PQL
I 

MTLD 
n.d;.- 

M7LE 

MAC = 100 pg/L 

M7LF 

CONCENTRATION 

(u1lL) 

Mo I 

15 
11ME (days) 

20’ 25



1,1_Dlchloroethene ‘ Microcosm 7 Al_ter_n_a_te chel_a_t_or PQL = 11 pg/L 

Result oon'ce_n_tra_fion in pg/L 

sms WATER - <Po'L 
' ’ 

<PQL 

Time‘ M7LR M7LD M7LE M7u=
o 

0.04 
_ _

_ 

0.08 
, 

’ 

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

1 
' 

n.d. 1 1 2 
3 n.d. ’ n.d. -1 1 

7 ‘ n.d. n.d. h.d. n.d. 

15 V 
n.d. n.d. n.d. n.d. V 

28 - 
. 

n.d. n.'d. n.d. n.d. 

Note: needs to be confirmed by MS 

1',1-DGE 

2.5 _ ' ’ ' ' ' ‘ ' ' ' ’ ' ' ‘ ‘ " < 

sauna
7 

2 . 

g 
' ...*..'. 

. 3 A 

__.__ 

gas --K-'M7LE 
"-+--M'7LF 

1 -It-M7LD
0 2 .. 

8 . 

o‘ 
_ 

: .n. .. : . i-—-- 
10 20 25 30 

Du}: 

n.d. 

n,d_.



VINYL CHLORIDE (VC) Mlcrocosm 7 Alternate chelatdr POL = 11 pg/L 

Result concentration in pg/L 

sms WATER <PQL 
A 

<PQL 

Time M7LR M7LD M7LE 
0 « n.d, n.d. 

0.04 n.d. 
0.08 . 

1 n,.d_. n.d. n.d. 
3 n.d. 7} 6i 
7 n.d. 6] 61' 

15 n.d. n.d. n.d. 
28 n.d. n.d. n.d. 

M7 vc 

12 

to -» 

E 8 .2 
S

E 
‘§’ _ - 

0 
H 

5” 
’ H 

‘10 {S 20 
‘|1ME(da'y£} 

25 

M7LF 

n.d. 
n.d. 

6] 

n.d. 
n.d. 

Dup 

n.d. 

n.d. 
n.d.



CHLQR'OMEl'HA_N_E Mlcrocosm 7 Alternate chelator 

Result concemrafion in pg/L 

sure WATER <PQL 
' 

<PQL 

‘Fame M7LR § M7LD M7LE M7LF 
0 n.d. n.d. 

0.04 
’

' 

0.08 n.d. 
1 n.d. n.d. n.d. n.d. 
3 n.d_. 

- n.d. n.d. 
7 n.d. n.d. n.d. n.d. 
15 n,,d_., n;..d- "-d- M. 
28 n.d. n.d. n.d._ n.d. 

* T ‘ M9L=e.a 
‘ 

Ff(_lL=~19 

20 
V . - . 

"3" —x-—M7LE 
.. 15‘ --§--M7LF 

14.-- —-ag-M7LD 

S 12.. 9 .M7LH.d ‘ 

I; 1°_ -3-—M7LR 

E e« 72%’: 
g 6_ __ - _ 

. 

. 7 7,. -_

8 
4. 
2.. 

ox-az——a as . gs . 

o 5 10 is 20 25 
.T!l1§(d_evs) 

Dup 

n.d.



~

~ 

METHANE M'icrocos‘m 7 Alternate chelator 

SITE WATER <PQL <PQL 
RESULTS in ppmv

_ 

Time M7LR M7LD M7LE. M7LF 
o 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 n.d. 48 50 46 

M7 Methane (nmoles) " 

70 -

. 

so 

so 

_ 37 40OE 5 so 
70O 

10 

Tlme (days) 

Dup 

n.d. 

‘n.d. 

n.d.



~ 

ETHANE Microcosm 7 Alternate chelator 

SITE WATER ‘<_PQL <PQL 
Results In ppmv ' 

Time 'M7L__R M7LD M7LE M7LF 
o n.d. n.d. 

0.04 n.d. 
0.08 n.d. 

1 n.d. . n.d. n.d. 
3 -n.d. -3j n.d. 

- 7 n.d. n.d. n.d:; 
‘ 15 n.d. 8} 6] 

28 n.d. 11 5] 

M7 . 

——MnL 
.1’ 

.—~——. POL 
% —o—M7%LH 
5 —)a(—M7LD 

—-)¢‘—'M'lLE 

—-+-— M'lLF 

o 10 15 
_ 

2o 25 V 

Tlme (days) - 

Dup 

n.d. 

n.d. 
n.d.



ETHENE Mlcrocosm 7 Alternate chelatof 

SITEWATER <PQL <PQL 
Results in pp'ii1V 

‘Fume M7LR M7LD M7LE M7LF 
0 n.d. n.d. 

0.04 
o.oe 

A 

n.d. 
1 fI_.d, 3] 3] n.d. 
3 

, 
n.d. 13 1 2 1 1 

7 n.d. 41 45 38 
1 5 l"|_.d,— 76 79 72 
28 n.d. 60 65 54 

M7 MD L=2.9 
1 ' PQ_L=8.7 

Tlme (days) 

Dup 

n.d. 
n.d.



~ 

ACETYLENE Mlcrocosm 7 Alternate chelator 

SITE WATER <PQL 
Results In ppmv 

nme M7LR M7LD M7LE 'M7LF Dup 
0 n.d. 

‘ 

n.d. 
0.04 n.d. 
0.08 n.d. 

1 n.d. 3i 3] n.d. n;.d. 

3 n.d. n.d. n.d. n.d. 
7 n.d. "n.d. n.d. 

15 n.d. - n.d. n.d. n.d. 
28 n.d. n.d. n.d. n.d. 

|M 7 
| 

MDL = 3.5 

O-*|\)¢D#0lQ~lO

~ 
_ 

Acetylene mndlelboftle 

10 15 
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Volatile Fatty Acids - M7 
Citrate 

my M7LD 
n.d. 
n.d. 
n_.d. 

n.d- 
1 n.d. 
23 A n.d. 

Lactate 

UI\lfD-IO 

thy M7LD 
mi 
n_.d, 

n.r.1 

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

33G~ao>—-o 

Formate \ 

M7LD 
n.d. 
n.d. 
n.d. 
n.d. 
n.d.~ 

.3¢'n‘~u.a—-o 

Acétate 

day M7LD 
0 n.cL 
1 

' 

' n.d. 
3 n.d. 
7 n.d_. 

15 n.d. 
28 n.d. 

Propionate 

day M7LD 
n.d. 
n.d. 
n.d. 
h.d. 
n,d. 
rm- 

1§'<.'n‘~:u>-o 

M7LE 
n.d. 
n.d. 

n.-£1 

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

M7LE 
n.d. 

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

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

n.d 
n.d. 
n.d. 
n_.d. 

n...d. ’ 

n.d. 

M7LE 
n.d. 
‘n.d. 

n.d. 
M1 
n_.d.— 

fl-d.-. 

cone. (mg/L) 
M7LF 

n.d. 
‘n.d. 

n_.cL 

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

cone. (mgIL) 
M7LF 

n.d. 
n.d.- 

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

°°n¢- (mg/L) 
M7LF 

n.d. 
n.d 
n.d. 
hld. 
n._d_.; 

32.5 

cone. (ms/L) 
M7LF

' 

n.d. 
n.d. 
n.d. 
n.d_. 

n,_d, 

n.d. 

cone. (mg/L) 
MZLF 

n.d. 
n.d. 
‘n.d. 

n.d. 
n_.d. 

n.d. 

Titanium 
day

0 
M7LD 

25.1 
M7LE 

24.8 

oonc. (_mM) 
M7LF 

24.8



Tetréchloroethane (T ec_A) 

Result concentration in pg/L 

SITE WATER 
'|”m'1'e

0 
0.04 
0.08

1

3
7 
15 
28 

OONOENTRAIION 

(|UL) 

Mlcrocqsjn 8 B12, 1'! citrate and yeast extract 

MSLR 

TETRACHLOROE'l'l-‘IANE 

1_'lME'H(days) 

695 

M8_LD 
n.d. 

n.d.
' 

n.d. 
n.d. 
n.d_. 

n.d. 

M8LE 

n.d. 

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

M8LF 

' MDL = 5.-7 T 
PQLr_=.17fl i_ _4_~ 

J3

~



carbon tetrachloride Microcosnx 8 B12, 11 citrate and yeast extract 
MAC = 5 pg/L 

Result concentration in pg/L 

SITE WATER 364 

‘Time MBLR IMBLD M8LE M8LF 
0 374 . 5 

0.04 3] 
0.08 3i 

1 506 n.d. ' n.d. n.d. 
3 503 - n.d. n.d. n.d. 

7 490 n.d. n.d. 
. 

n.d. 
15 526 n.d. n;._d. n._d. 

28 495 n.d. n.d. n.d. 

M8 " ‘ _ ' 

’ ‘ CARBON TETRACHLORIDE MD“: °'°°‘ 

eoo 

eouczrrmxnon 

(pun
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10° __ --ca;-MELH 
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TETRACHLORORETHENE (PERC) Mlcfocosm 8 B12, 11 citrate and yeaét extract 

Result concmtrafion in pg/L 

SITE WATER 6 

fime Mam Maw’ Megs mu: 
0 4 3 

0.04 2 
0,08 - 1 

1 5 n.d n.d n.d 
3 6 n.d_ n.d n.d, 
7 4 n.d n.d n.d 
15 6 n.d n.d n.d 
28 8 n.d n.d_ n.d 

|__|-.M_." TETRACHLOROETHENE (Pane) “N7: 0703, 

9 . 

< 3 
.2 E 7' 

2 8 
'5 5C 
E 4 ¢, Mama 
g 3 -—-9'--MQLR 

3 2_ ——_-—-MDL 
1 -- .:r"'77i"?'?,'- 

0 .3! ,. . .... .. ,. .. 

A’ 
.‘ 

.' 

o 5 1o 15 2o 25 so 
TIIIE (am)



1 ,1 ,2- Tflchloroethane Mlcroeosm 8 812, TI citrate and yeast extract 

Result concentration in pg/L 

SITE WATER 

Time MSLR M8LD M8LE MBLF 
O n.d. 27 

0.04 n.d. 
0.08 n.d. 

1 
' 

' n.d. n.d. n_.d,, n.d. 

3 n.d. n.d. n.d. n.d. 

7 n,d_. n_._d. n.d. n.d. 

15 n.d. n.d. n.d. n.d. 

28 n.d. n.d. n.d. ‘n.d. 

., . .. .. _ 

' MDL=6.0 
M8 1,1 ,2-TRICHLOROETHANE pQ|_ = 13 

20 

1a . 

1'5 ,. 
-—¥—-M8LD 

_ 

14 _ 
.,_—;¢,-—--MBLE 

E ---+--MSLF 

E 
12 " --o---MBLR 

10 " -”-_-—-MDL 

E s -- ':“";1”“-'- 

%
. 

8. 6 . _ 

4 .. 

2 .. 

0§v{-«L1---"-E 'r“ ET‘ ’ ‘: : fit-E 
o 5 10 15 20 25 30 

TIME (days)



TRIcHLo'noREfHENE (‘res’) M|<_:rocos'm 3 B12, 11 citrate and yeast extract 

Result eo’ncen' 
‘ " 

tration in ‘pg/L 

SITE WATER 197 86 

Time > 

- MSLR MSLD MBLE M8LF 
o . 

0.04 
0.08

1

3
7 

15 
28 

MoL=o;63:" ' 

M3 THlCH_LOROE'I1'|_ENE (TCE) = 024 
150 — 

7 A 

«an e» 

,. 140 

E 120 
IE .190 

3 
so 

z so 
8 

4.0 

u . 

1"lNl'E (days)

~
~



CHLOROFORM Mlcrocosm 8 B12, 11 citrate and yeast extract 

Result con_centr'atior) in pg/L 

SITE WATER 20 

Time MBLR M8LD M8LE MBLF 
0 13 12 

0.04 ’ n.d. 
0.08 I1-.d_. 

1 » 21 n.d. n.d- n.d. 

3 5 ‘ 

n.d. n_.d_. n.d. 
7 n.d. n.d. n.d. 
15 n.d. n.d. n.d. 
28 n.d. n.d. n.d. 

" 

MDL= 0.09 
_ A POL =0-,2? 
4o 

35 25 

‘:5; 
3° ' 

—->e—MaLE 
E . ,3, 

--.'—~M8LF 
o - _.. 
:1 - _a*_ ,,_,, , ,——)fi—-MBLD 

E —e—MsLn t 

E -——MDL 
3 ........mL 

3 av M8LRd 

A 
l. 

s 110 {5 Q 2'5 so 

TIME (days) ‘

V



DICHLOROMETHANE 

Result oqncgntrafion in pg/L 

sm: wmzn
' 

Tune
0 

0.04 
0.08

1

3
7 
15 
28 

<PQL 

Mlcrocosm 8 B12, 11 citi-"ate and yeast extract 

MAC = 5 uglL 
<PQL 

MSLR M8LD M8LE M8LF 
n.d. 

‘ 

. 44 
33 . 

24 
n.d. 'n'.d.— n_.d. _n.d_. 

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

‘ 

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

'0 H’ :" 
DICHLOROMEIHANE MD‘-= 1-3 

, 

PQL.-.3.9 
50 T 

45 --x‘—MaLE 
4° -6-—M8LH 

'.'.‘.‘.'...*.:. PQL 
530 s« M8_l_.Rd 

E25" -ne=Mau3 

E 
-—---MSLF 2o .

0 

315 _ 

1o 

5 
.i Li’. ‘ 

oisvéw-—a '. 4: -
: 

O 5 10 25 30 
'rIME(¢ay_s) _



Time MSLR ‘:M8LD' M8LE Man: 

cis-DICHLOROETHENE 
_ 

4 

Microcosm a 312, 11 citrate and yeast extract MAC = 70 uglL 
Result ooncéntralion in pg/L 

SITE WATER <PQL ' <PQL 

~~ 
15 

' 

nid. 207 207 230 
2a 

_ 
n,d_. 211 293 21a 

» 

‘ 

. I - MDL=6!. M8 cis-DOE POLE” 

--K--M8LE 
Mau= 

—-sE—M8LD 
-0--M8_LFl 
—MfDL 
_ .-32 ~_M§,LBd 

0%? I 

I: am F” 
: 

M H 
1 i. 

o 5 1o 15 20 25 so 
__4 .'!‘.l.'E,(£'?_Y?)_. .. _. ,_ I\7 417



~ 
Trans-DICHLOROAETHENE Mlcrocosm 8 B12, 11 citrate and yeast extyagt 

‘ 

MAG = 100 pg/L 

Result concentration in I-I9/L 

SlTE_ WATER <POL 

Tune
0 

0.04 
0.08

1 

3 . . 

7 - 

I 

n.d. 121 109 111 
15 n.d. 95 95 97 
28 n.d. 93 94 ’ 95 

trans-DCE ' MD‘; 5-8 
> PQL = 18 

—-x-MELE 

—1It-—M.9LD 
't—s—MaLH 

#2 M.8.LRd 
-—--MDL 

40 -- ._..—- POL 

cone:-zmrumou 

(ML)

8.



II-«‘Ii|_l‘_i:.Iii-1 

VINYL CHLORIDE (VG) Microcosm 8 B1 2, TI citrate and yeast extract 
PQL. =11 pg/L 

Result concentration in pg/L 

SITE WATER <PQL <PQL 

‘Fume MBLR M8LD M8LE MSLF 
O n.d. 1 1 

0.04 . 24 
0.08 26 

1 
- 

n.d. 34 27 25 
3 - n.d. 27 18 15 
7 n.d. 28 20 14 
15 n.d. 28 18 14 
28 ‘n.d. 29 20 16 

40 

as 

243° !» 
z 25 ....§.... Mg”: 
g -X-M8LD 
< 20 1 

- -e'—MsLn 

E 15 
" 

7:4. —MoL 
g -‘-.---5 

8 ____:}}}33,3,¢uaggtgugyggoocu-iJoo€-'u'£-'-?{-3-no.------Ia}; ..... u 3&7 

5 H _1 
—

. 

0 2 
"3 

2o 25 so



cHL_oaoMEn-IANE MIc'roc'osm 8 ‘B12, 11 citrate and yeast extract 

Result cdncentration in pg/L 

SITE WATER <PQL <PQL 

‘films » M8LF! M8LD M8LE M8LF 
' 

0 n_,d, 21 
0.04 37 . 

0.08 _ 
30 

n.d. 34 88 94 
3 - n.d. 21 43 52 
7 n.d. n.d. 47 48 
15 ‘ n.d. 13 39 39 
28 n.d. n.d. n.d. 37 

May be not chloromethane - need MS confirmation 

M8 Chhroihethahé "'-‘°‘-= 6-3 
- POL: 19 

E 
—X——M8LE 

2 -Z-.-1+-.-L--IM8-LF 

g -1!--MBLD 
ev M8LRd 

E 
—a— MEIR 

2 ?MDL 
8 ~—«Po.L 

o 5 10 15 20 25 
1'1ME(days)
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METHANE Microcosm 8 312, TI citrate and yeast extract 
sI""r'E WATER -<PoL <PQL 

RESULTS in ppmv 
Time ' M8LR M8LD M8LE M8LF 

0 n.d. » n.d. 
0.04 

' '

5 
0.08 8 

1 
‘ n.d. . 48 42 43 

3 
V 

' 

n.d. 46 42 41 
7 n.d. 

’ 48 45 42 
15 n.d. 57 57 45 
28 - n.d. 98 74 72 

M3 
' ' MDL=2 

Methane (nmolejs) pg-1:5 

o" 5 
H 

10 
‘ 

15 2o 25 
flmudays)



ETHANE 

SITE WATER 
Time

0 
0.04 
0.08 

'

1 

3
7 

1 5 
28 

Mlcfocosm 8 812. TI citrate and yeast. exxract 

<PQL 
_ 

. <i=oL 
Results In ppmv 

MELR M8LD M8LE‘ 
n.d. n.d. 

n.d. 

n.d. 3] 41' 
' 

. n.d.. 3i 5i 
n.d. 

' 

41' 6] 
n.d. 

‘ 

4i 
' 

6] 
n_.d. 3] 41 

M8LF 

n.d. 
41' 

»_\. 
->55:-.*-\-:2,K

~ ~



nmolbs 

Ethene (nmoles per microcosm) 

TI_ma (days)

~ 

ETHENE Mlcrocosm 8 512, TI citrate and yoagt extract 

Result concentration in ug/L 

SITE WATER <PQL <PQL 
Results In ppmv 

Time MSLR M8LD M8LE M8LF 
O n.d. n.d. 

0.04 3} 
0.08 4i 

1 n.d. T] 71 T] 
3 n.d. 8]‘ 11 13 
7 n.d. 13 18 21 
15 n.d. 14 21 20 
28 n.d_. 9 14 15 

'MDL=2.9



~ 

AGETYLENE Microcpsm 8 B12. 11' citrate and yeast extract 

S_l_TE' WATER <PQl_. <PQL ' 

Results In PPIIIV I '|’Ime MBLFI M8LD M8LE MBLF 
0 n.d. n.d.

' 

0.04 __
. 

0.08 n.d. I 1 n.d. n,d, n.d. n.d. 

3 _ n.d. n.d. n.d. nd, 
7 n.d. n.d. 

’ 

n.d. n.d. 
15 ' n.d. n.d. n.d. n.d. I 28' - n.d. n.d. n.d. n.d. 

" " ' MDL.=3.5 

I1m'oI'es 

o-row:-uuoasnco 

‘Z 

I 

I 

91 

1; 

' Tlmo (days) 
I z 

- 

;-A

~



Volatile Fatty Acids - M8 
Cltfate 

com. (mgIL) 
day MBLD MBLE M£LF 

0 6679 8474 6578 
1 2507 1387 "1627 
a n.d. mi 890] 
7 n.d. n.d. n.d. 
15 n_.d. n.d 1{1.g. 

29 n.d. n.d. _n’.d, 

Lactate 
é6ni':. (m'g/L) 

thy MBLD MELE MBLF 
D n.d. n.d. n.d. 
1 n._d. n.d n.d. 

3 n.d_. n.d_. r_1.g. 

7 n.d. n.d. r].d. 

15 n.d. n.d. n.d. . 

28 n.d. n.d. mi. 

Formate 
cam. (mad-) 

day "Man: MELE MBLF 
' 0 3'6 so 46 

1 608 9'5‘! 

3 9:38 943 1051 
7 722 832 $1 
15 726 743 913 
2B 309 378 554 

Acetate 
cunc. (mgIL)

, 

day MBLD MBLE M§LF_ 
0 .344 373 Z35 

. 1 2554 3342 ~ 3879 
3 4958 £65 4335 
7 4585 5089 4913 
15 4444 4992 47333 
28 4941 4:574 4501 

Propionata 
cone. (m'g/L) 

day M8LD WLE MBLF 
1 

0 265 289 241 
1 Ace 375 159 
3 414 301 
7 313 30.9 
15 364 370 310 
28 454 391 408 

Titanium 
d.-‘iv MBLE 

5.0 
MBLF 

_29_2
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