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« A homeowner dependent on a domestic water well suddenly saw an
accumulation of a black precipitant clogging the pre-filter of their water
treatment system. Iron sulfide resulting from sulfate reduction and iron oxides
resulting from oxidation of iron (Il) were suspected indicating introduction of a
biodegradable substrate in the drinking water aquifer.

« Two years previous to this observation there was a release of gas condensate
hydrocarbons and saltwater upgradient of their property. Although BTEX and
other light hydrocarbons had been found in a shallow water-bearing unit
(15-20 ft bgs underlain by weathered shale) upgradient of their property, no
hydrocarbons had been found in the deeper water unit (100-200 ft bgs)
providing drinking water.

« QuantArray®-Petro analysis of the filter element versus a control filter element
from a similar but unaffected water treatment system showed significant
increases in concentrations of functional genes characteristic of aerobic and
anaerobic biodegradation of aromatic and aliphatic hydrocarbons. The
QuantArray-Petro analysis provided evidence of contact of gas condensate
hydrocarbons with the deeper drinking water aquifer although hydrocarbons
were not detectable in the homeowner’s water well.

This homeowner (along with several neighbors) was a plaintiff in a lawsuit against the
party responsible for the original release of gas condensate and saltwater. With limited
funds for analysis the plaintiffs were primarily dependent on the analysis required of the
defendant by the regulatory agency. There was evidence of hydrocarbon and saltwater
impacts at shallow depths on the homeowner’s property but no impact on drinking
water had been demonstrated even after the water treatment system pre-filter became
clogged. The plaintiff's working hypothesis was that hydrocarbons had impacted the
drinking water aquifer upgradient of the homeowner and were quickly metabolized in
the aerobic aquifer. The resulting change in geochemistry led to precipitation of iron
sulfide and iron oxides in the drinking water well. The challenge was to economically
support this hypothesis with a targeted analysis showing an increase in the concentration
of functional genes for hydrocarbon catabolism which would only result if the organic
substrate entering the aquifer was hydrocarbons.
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using the QuantArray-Petro. A similar filter element from a neighbor's water
treatment system was used as a control. No precipitant had been observed in

the neighbor’s system. The question was: Is the clogging of the neighbor’s water
treatment system pre-filter accompanied by an increase in the frequency of
hydrocarbon catabolic functional genes? In answering this question, the analysis of a
control filter element was very important to interpreting the results of these analyses
since organisms which can biodegrade hydrocarbons are ubiquitous. Therefore,
anincrease in the concentrations of these catabolic genes in the homeowner’s
treatment system was required to be indicative of hydrocarbon impact in the drinking
water aquifer.

E The pre-filter element of the homeowner’s water treatment system was analyzed

Fig 1. Homeowner's water treatment system showing pre-filter housing

Fig 2. Suspected iron sulfide and iron oxides precipitants in pre-filter element
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Selected results of the QuantArray-Petro analysis are shown in Fig. 3 below.

HDD Concentrations of Total Bacteria (EBAC) in the affected (orange bars) and control
(gray bars) filter elements were comparable. Sulfate reduction in the aquifer
resulting from hydrocarbon impact was suspected given the blackish precipitant
collected in the affected filter element. Sulfate-reducing bacteria (SRB) are widely
distributed so their presence in the control filter element is not surprising. The
affected filter element had a higher SRB concentration which is consistent with
iron sulfide precipitation in the filter element but this observation alone was not
conclusive for hydrocarbon impact in the aquifer.

That conclusive evidence was given by the significantly higher concentrations
(cells/g) of hydrocarbon catabolic genes in the affected filter element compared
to the control. Most notably, concentrations of catabolic genes involved in aerobic
BTEX biodegradation (RMO), aerobic alkane biodegradation (ALK), and anaerobic
BTEX biodegradation (BCR) were one to four orders of magnitude greaterin the
affected filter than in the control filter.
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Fig 3. Selected results from the QuantArray-Petro analysis of the homeowner’s
pre-filter compared to a control. Hydrocarbon catabolic functional genes included
PHE, RMO, PM1, ALK and BCR. EBAC is a taxonomic gene for total eubacteria. SRB
is a taxonomic gene for sulfate-reducing bacteria.
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« Actionable: The defendants in this case documented the release and
transport of gas condensate hydrocarbons and salt in the shallow water-
bearing unit establishing a potential source of contamination for the deeper
drinking water aquifer. Although hydrocarbons were not detected in the
homeowner’s water well, the QuantArray Petro analysis results provided
strong evidence of hydrocarbon contact with the drinking water aquifer.

« Saved Money: Alternative measures for establishing hydrocarbon contact and
biodegradation in the drinking water aquifer would have required extensive
sampling and analysis of the chemistry and geochemistry of the drinking
water aquifer in the vicinity of the homeowner’s property. These costs
would have been borne by the plaintiffs in this case. The results of the
QuantArray-Petro analysis provided this evidence in a remarkably cost-
effective manner and contributed to a settlement of this case to the benefit
of the plaintiffs.
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