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Case Study: Zymax Forensics Stable Isotope Analysis
used to Determine Denitrification Trends at Waste Water
Treatment Facility—Barstow, CA

By Amanda Jensen
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Trends at Waste Water Since the early 1980’s the City of Barstow, CA,
UL REBIBRE IR A has been monitoring groundwater quality in the
CA vicinity of their Waste Water Treatment Plant
(WWTP). The City’s WWTP lies along the
southern bank of the Mojave River, which serves
as a major beneficial use drinking water aquifer
for the residents of Barstow and other high desert

To help determine if denitrification processes
were occurring, the City and DPRA procured the
services of Zymax Forensics. Select groundwater
and effluent samples were analyzed for nitrogen/
oxygen stable isotopes using their signature
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communities. The area has been under
investigation for the past three decades with
Nitrate being the primary contaminant of
concern.

Over the past 6 years DPRA has had an active
role in investigating (on behalf of the City of
Barstow) the lateral and vertical extent of nitrate
(and other nitrogen bearing compounds) in
groundwater due in part to current and historical
discharge practices of secondary treated water
from the WWTP into holding ponds and onto
farmed land.

One of the primary goals associated with this
project was to determine the fate of the nitrate
being discharged by the WWTP. Rather than
continuing to install costly monitoring wells to
trace nitrate discharges down gradient, DPRA
proposed to demonstrate that nitrates being
discharged to the Mojave River were naturally
degrading through denitrification processes.
Denitrification is a bacterial initiated process in
which microorganisms break apart nitrates
ultimately reducing them to nitrogen gas.

Typical Denitrification Reduction:

N037 — N027 — NO + Ngo — Ng (g)

Barstow California Waste Water Treatment Plant.

Stable isotopes of nitrates and oxygen have been
widely used for identifying nitrogen sources.
Many studies have shown that techniques used to
determine isotopic signatures, especially §180
and 515N of nitrate, are very powerful tools to
distinguish the major sources of nitrate in
groundwater and determine if the process of
denitrification is occurring.

Advantages of using Zymax’s
“denitrifier Method”
Sample volumes no longer in liters or gallons;
only 100mL or less.

The [NO3-] concentrations can be as low as
~0.1 mg/L.

Water Sulfate and saline presence in the
sample is acceptable.

No interference with other N-bearing sub-
stances.

Accuracy is 0.2 and 0.5 permil (%o) for 15N
and 180 isotopes, respectively.

To demonstrate that natural denitrification
processes were occurring, DPRA collected
samples of secondary treated effluent and
groundwater samples from within the WWTP site
and from offsite (downgradient) monitoring wells
through traditional water sampling techniques.
One of the biggest advantages of using Zymax’s
nitrate isotope analysis is the relatively small
sample volume needed. Other methodologies
typically require upwards of 1 gallon of sample
volume. With Zymax’s method, no special
sample containers or preservatives are needed.
One 100mL HDPE container is all that is
required. The small sample volume requirement
significantly reduced field sampling time and
shipping costs. Another advantage of this
methodology is that this analysis can be
performed on samples that have nitrate
concentrations as low as 0.1 mg/L (Wang, 2010).

(Continued on page 2) Page 1
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Results from samples taken from in and around the (WWTP)
were plotted on a diagram adapted

from Silva (Silva et al, 2002). The plot shows sample data
plotted against an idealized linear trend line representative of
denitrification. The observed data generally plots along the

Barstow California WWTP Nitrogen/Oxygen isotope samples plotted along a denitrification trend line.

idealized denitrification trend
line which in part corresponds
with monitoring wells and
their lateral/downgradient
position from the WWTP.

Through the use of Zymax
Forensics’ unique stable
isotope service, DPRA and
the City of Barstow were able
to clearly demonstrate that
denitrification processes were
and are occurring offsite and
downgradient of the WWTP.
As a result of this study,
potentially hundreds of
thousands of dollars in cost
savings were realized by not
having to construct additional
monitoring wells and
sampling them for many years
to come.
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Ms. Jensen received her B.A . in Environmental Science and Earth Studies from University of California Santa Cruz in 2006. Since 2007 she
has served as an Environmental Scientist/Research Assistant at DPRA Inc. providing support to staff scientists, geologists, project
managers, and expert witnesses. Support includes quality assurance and control of data and documents, document research, analysis,

and interpretation, production of technical reports and participation in Investigative Environmental Forensics.

Project Pitfalls (Part 1): Avoiding the Perils of Database Mismanagement

By Robert Falero

With any project, large or small, problems arise that threaten
the budget, accuracy and timeliness of the final product. It is
essential that these problems be avoided to ensure that the
overall quality of the project and relationship with the client is
maintained at the highest level.

Over the past 20 years, DPRA has been involved in numerous
large and small scale environmental litigation, assessment and
remediation projects. During this time we have identified
numerous pitfalls that plague project success. For most
environmental litigation projects, the three most significant
pitfalls are database mismanagement, document
mismanagement and finally, poor quality graphics.

Part | of this three part series focuses on how databases are
mismanaged, why it’s important to manage them correctly, and
how DPRA can play an instrumental role in ensuring accuracy
and consistency in database creation and design.

Database Mismanagement

Data has always been the single most important component of
any environmental litigation project. The collection of data
and the creation of a database should begin at the inception of a
project, when the first sample is analyzed. How this database
is created and managed during the early stages can have far

reaching implications throughout the life cycle of the project.
Database mismanagement is all too often the most common
pitfall of an environmental litigation case, typically
manifesting itself through database decentralization.
Environmental litigation cases typically employ multiple
expert witnesses, most often with unique database
configuration requests. It may seem ideal to have each expert
in control of their own database, but through DPRA’s 20 plus
years of experience, this approach leads to lack of sufficient
quality control/quality assurance, lack of consistency between
experts and most importantly runaway project costs.

QA/QC

Since databases are only as good as they are accurate, it is
vitally important to have rigorous quality assurance and quality
control procedures in place from the onset of database creation.
Experts and their support staff vary in experience and
subsequently in their abilities to create and manage databases.
This can lead to inaccurate and/or incomplete databases,
creating the potential for experts using the “same” data to
produce conflicting opinions, essentially pitting expert against
expert on the same side of a case, jeopardizing the case as a
whole.

(Continued on page 3)
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Consistency

Throughout the process of database development, at times a
“judgment call” needs to be made that can affect the
foundation of the database itself.

From our experience, the data records that most commonly
require judgment calls are those that are reported as either non
-detect or duplicates on laboratory data sheets. All laboratory
equipment has a lower limit to which a particular chemical
can be accurately detected. This limit is known as a detection
limit (DL). When samples are analyzed, and a particular
chemical is detected lower than the DL, the result is referred
to as a non-detected (ND). For reporting purposes on
laboratory data sheets, NDs can be displayed in a variety of
ways: ND, 0, the detection limit itself with a less-than symbol
(<0.35). Results can also be redefined as an approximated
numerical value of the chemical that was detected with a
qualifier (0.35J).

Duplicate data records are created when duplicate samples are
taken in the field to ensure the accuracy of laboratory
procedures. Quite often these duplicate sample results are not
identical. The question then becomes, how should these data
be handled in the database? Should only the highest result be
entered, the lowest, what about averaging the results?

It is easy to see how something as simple as a “judgment call”
on the value given to a ND in a database or how duplicate data
records are handled can greatly decrease consistency when it
is compounded over many experts. Allowing multiple experts
to make these judgment calls individually, breeds database
inconsistency. This can lead to skewed results and conflicting
opinions, both of which are potential case breakers.

Cost Control

Cost is always the focus of every project no matter how big or
how small. Whether your title is case manager, project
manager, lead counsel or junior counsel, controlling costs is
very often your number one priority. There are many ways
that costs can get out of control when creating a database.
One of the easiest ways of letting costs get out of hand is by
allowing database decentralization.

In most litigation cases, cost is associated with scale. As a
dataset grows larger the corresponding database grows larger
and the costs increase. When the task of creating a database is
multiplied by the number of experts on the case, then it stands
to reason that the cost is also multiplied by the number of
experts. At the litigation rates of experts in today’s market it’s
no surprise that costs can quickly get out of hand, in many
cases due to duplicative efforts.

The DPRA Solution

Armed with an understanding of how databases can be
mismanaged, making sure they are managed correctly
becomes a much simpler solution. DPRA has experienced
and learned from the pitfalls discussed above, and from that
comes expertise in centralized database design and creation.
As the sole source of data inflow and outflow, DPRA can
implement its case-proven proprietary QA/QC methodologies,

DPRA’s database management practices eliminate database decentrali-

zation and create a more consistent, accurate and cost effective solution
to clients needs.

ensure consistency between experts with proper control on
subjective data, and most importantly keep costs down by
eliminating the possibility of duplicate work. Avoiding the
pitfalls of database mismanagement is critical and DPRA has
assisted many clients doing so.

For more than two decades we have successfully managed
millions of chemical analysis results for samples of water,
soil, air, biota and related information. Our database
centralization and data standardization procedures, along with
our ability to meet stringent data integrity and security
provisions have proven that we have the requisite expertise to
successfully manage complex and prolonged litigation
projects. Our extensive database management, coupled with
our records management experience provides superior
litigation support services to our clients’. In the next
newsletter, we will discuss document mismanagement, the
second of the three significant pitfalls: database
mismanagement, document mismanagement and poor quality
graphics.

Email the author for more information:
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analysis of legal documents, development and preparation of expert witness reports, and National Resource Damages (NRD)
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INTRODUCING THE EXPERTS: Dr. Robert Morrison and Dr. Alan Jeffery

Dr. Morrison has a B.S. in Geology, a M.S.
in Environmental Studies, a M.S. in Envi-
ronmental Engineering, and a Ph.D. in Soil
Physics from the University of Wisconsin at
Madison. Dr. Morrison has been working
for over 30 years in the environmental field
on issues related to soil and groundwater
contamination. He specializes in the foren-
sic review and interpretation of scientific
data for the purpose of identifying the source and age of a
contaminant release and manages DPRA’s environmental
forensic practice group. He is also an Adjunct Professor at
the University of Massachusetts at Amherst, MA.

Dr. Morrison is the primary expert witness offered by
DPRA. He has reviewed environmental documents for thou-
sands of sites, worldwide, with the majority of these sites
impacted with petroleum hydrocarbons and/or their deriva-
tives/additives and chlorinated solvents. Dr. Morrison is
credited for coining the term “environmental forensics”, au-
thoring the first textbooks on this subject, and with Dr. Paul
Kostecki founded the society dedicated to this science
(International Society of Environmental Forensics
www.environmentalforensics.org).

Dr. Morrison has published articles and books on soil and
groundwater contamination topics and has shared this infor-
mation via lectures throughout the world. He is active in re-
viewing technical papers on forensics techniques and has
served on the editorial boards of Ground Water, Groundwater
Monitoring Review and Remediation and is currently Editor-
in Chief of the Journal of Environmental Forensics. Dr. Mor-
rison has worked as an expert witness and confidential con-
sultant for the United States Department of Justice, the EPA
and numerous law firms. Dr. Morrison has offered deposition
and court testimony in over 50 cases. In his capacity as an
expert witness and confidential consultant, Dr. Morrison has
provided testimony in numerous cases, some with claims in
the billions of dollars.

For complete resume click HERE.

Dr. Jeffrey has a B.S. in Biochemistry, an
M.S. in Organic Chemistry and a Ph.D. in
Oceanography. Dr. Jeffrey has over 20
years of U.S. and international experience in
environmental science and geochemistry.
His expertise includes managing research
projects, managing geochemical and envi-
ronmental analytical laboratories; initiation
and management of countrywide water
monitoring program; QA/QC management of analytical labo-
ratories; and setting up and managing a small environmental
consulting company.

At DPRA, Dr. Jeffrey has focused on the use of geochemical
techniques to solve environmental problems, including
sources of spilled hydrocarbon fuels, nitrates, and fugitive
methane seeps. Dr. Jeffrey interacts with clients to determine
the particular forensic issues at a site and sets up forensic
analytical schemes to clarify these issues. He has prepared
over 100 proprietary reports for clients that interpret analyti-
cal data, place data in the context of other site information,
and answer questions such as the identity of spilled petroleum
products, the similarity or difference in the products in sepa-
rate plumes, and the time of release of the products.

Dr Jeffrey has served as an expert witness, has been deposed
and testified at trial in litigation cases involving petroleum
product spills, and is the author of fourteen publications on
oceanography, petroleum geochemistry and environmental
monitoring. He has conducted numerous workshops in envi-
ronmental forensics, and has given numerous presentations at
scientific meetings in USA, Europe and Asia.

For complete resume click HERE.



http://www.dpra.com/file/Resume%20Robert%20Morrison%202010.pdf�
http://www.dpra.com/file/Dr%20%20Alan%20Jeffrey%20Resume%202010.pdf�

	Environmental Trends

	           & Technologies

	www.DPRA.com



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 200

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 200

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



