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(Figure 13 continued)

c)

3.5 Acute Toxicity Test

A MicroTox® machine was used to conduct acute toxicity tests on groundwater
samples from each site, using the bioluminescent bacteria Vibrio fischerito measure
metabolic inhibition [28]. Samples 51, 68, and 70 from LMSSC and samples MW58,
WWO04, and WW12 from LHAAP were tested using the basic test protocol with four
dilutions and an initial concentration of 45% [28]. A zinc sulfate standard was used.
Table shows results at time zero before standard was added and results 15 minutes after
standard was added. The light intensity, I, is measured in absolute light units [28]. Due to
the large decrease in light intensity, the zinc sulfate standard is toxic (Table 3).

Table 3. Zinc Sulfate Standard

Standard Concentration (mg/L) | Io | Lis
0 93 |75

5.63 102 | 7

11.25 90 | 3

22.5 79 | 2

45 103 | 2
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4 RESULTS AND DISCUSSION

4.1 Assessment of Sunnyvale in situ Microbial Communities
4.1.1 TCE Concentrations in Site Groundwater

TCE concentrations have fluctuated over time. In the Intermediate Transmissive
Zone, the concentrations are on the decline. The decrease is statistically significant
overtime with a p-value of 0.00002. The 2B (p=0.40844) and 2nd (p=0.28794)
Transmissive Zones have somewhat stable concentrations and do not have statistically
significant change overtime. Table 4 and Figure 14 show the values for each zone from
March 2009 through January 2014.

Table 4. Average TCE Concentrations in pg/L for Each Transmissive Zone: Sunnyvale

2" Zone 2B Zone Intermediate Zone

March 2009 11392.86 11505.64 52844.40
May 2009 13497.14 13097.84 61645.79
June 2009 13622.86 13185.89 65054.57
July 2009 11244.29 12813.52 67749.08
August 2009 7650.00 13197.23 59529.31
September 2009 6821.43 15041.99 76930.17
October 2009 8981.43 11833.86 41546.21
November 2009 12945.71 14442.97 46297.35
December 2009 20458.75 10974.85 41959.50
January 2010 20627.50 12203.96 33071.17
April 2010 19918.75 9707.55 34610.34
July 2010 21806.25 9961.12 43710.31
October 2010 17995.00 11413.88 60368.60
January 2011 15377.50 9196.70 54142.79
April 2011 15031.25 9132.03 39358.75
July 2011 14051.25 7345.60 31253.66
October 2011 23948.38 9021.04 38470.51
January 2012 12980.38 13707.61 49529.50
April 2012 13560.75 12110.90 31359.46
July 2012 9922.38 15027.65 40152.38
October 2012 11912.25 12136.75 32399.75
January 2013 11769.00 10726.74 27027.63
April 2013 12008.13 11441.79 28777.13
July 2013 12171.88 11270.15 29773.75
October 2013 8022.50 13123.33 28024.25
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(Table 4 continued)

2" Zone 2B Zone Intermediate Zone

January 2014 9335.88 10790.97 23218.18
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Figure 14. Temporal Change in Average TCE Concentrations for Intermediate, 2B, and
2nd Transmissive Zones: Sunnyvale

4.1.2 Chlorinated Aliphatic Hydrocarbon Degrader Plate Counts
Figure 15 shows the population counts of the chlorinated aliphatic degraders. In

August 2012, only 14 samples were collected at the Sunnyvale site. Monitoring well 70
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and 75 had values of zero. Monitoring well 71 had the highest colony count. In January
2013, 30 samples were collected. Monitoring wells 21, 59, and 66 had values of zero.
Monitoring well 56 had the highest colony count. In July 2013, 30 samples were
collected. Monitoring wells 65, 70 and 73 had values of zero. Monitoring well 56 again
had the highest count. In January 2014, 30 samples were collected and all showed
growth. Monitoring well 65 had the highest count. The colony counts have fluctuated
over this time period. The average CFU/ml was 297 in August 2012, 237 in January
2013, 12 in July 2013, and 111 in January 2014. Note, the large gap in results of August

2012 samples 49-66 is due to a lack of sampling not from a result of 0 CFU/ml.
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Figure 15. Logarithmic Transformation of the Calculated Final Colony Counts of
Chlorinated Aliphatic Hydrocarbon Degraders from August 2012 to January 2014 (a-d):
Sunnyvale
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(Figure 15 continued)
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4.1.3 Heterotroph Plate Counts

Heterotroph colony counts were collected for July 2013 and January 2014 as seen in

Figure 16.
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Figure 16. Logarithmic Transformation of the Calculated Final Colony Counts of
Heterotrophs for a) July 2013 and b) January 2014: Sunnyvale
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(Figure 16 continued)
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Monitoring wells 39, 62 and 65 tied for the highest counts in July 2013. Monitoring
well 70 had a value of zero. Monitoring well 65 had the highest value in January 2014.
The counts have increased in 73% of the wells from July 2013 to January 2014. The
average CFU/ml was 222 in July 2013 and 748 in January 2014.

4.1.4 Average Well Color Development

The AWCD estimates the overall rate of color development. In July 2013, monitoring

well 56 had the highest AWCD (Figure 17). Appropriately, it also had the highest number

of CFUs/ml out of all the samples. In January 2014, monitoring well 56 again had the

highest AWCD.
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Figure 17. Average Well Color Development of a) July 2013 and b) January 2014
Samples: Sunnyvale
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(Figure 17 continued)
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4.1.5 Functional Diversity

Figure 18 shows the percent functional diversity of each sample over the incubation

time.
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Figure 18. Percent Functional Diversity of July 2013 and January 2014 Samples:

Sunnyvale
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In July 2013, of the 30 monitoring wells sampled, only 8 showed presence of
microorganisms on the EcoPlate™™ assays. Naturally, all but eight of the wells have zero
diversity and all have very low abundance (reflected in AWCD results). Monitoring well
69 had the highest percent functional diversity and Shannon-Weaver index (see below).
A high diversity is reflected in the even distribution of the various carbon sources used as
shown in Figure 21. In January 2014, the samples 56, 71, 75 also have the highest
AWCD, functional diversity, and Shannon-Weaver index of the group, as seen in Figures
17, 18, and 19, respectively. The diversity is also seen in Figure 21 where they are the
samples with the most even distribution of utilized substrates. When comparing the
results between July 2013 and January 2014, the January 2014 microbial communities are
more diverse and abundant.

4.1.6 Shannon-Weaver Index
Figure 19 shows the Shannon-Weaver diversity index measuring richness and
evenness. In July 2013, only four samples showed microbial growth that was picked up

on the EcoPlates™. There is an obvious increase in diversity in January 2014.
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Figure 19. Shannon-Weaver Index for a) July 2013 and b) January 2014 Samples:
Sunnyvale
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(Figure 19 continued)
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4.1.7 Variation in EcoPlate™ Replicates
Figure 20 shows the percent variation among the three replicates on an EcoPlate™.
Ideally, there should be no variation among replicates. There is a decrease in sample

replicate variation over the sampling events, meaning the EcoPlate™ results are more

precise.
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Figure 20. Percent Variation in Replicates within Each Sample for July 2013 and January
2014: Sunnyvale
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