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FOREWORD

The contained quality assurance information relating to nitrogen isotope analysis was derived in
part from the University of Nebraska Water Sciences Laboratory Quality Assurance Manual
compiled by Daniel D. Snow, Laboratory Manager, and approved by Roy F. Spalding,
Laboratory Director. Information was also extracted from the Quality Assurance Project Plan for
the project entitled “Analysis of Nitrate Contamination of Groundwater in Jackson County,
Indiana” compiled by Brian Motzel of the Indiana University Department of Geological
Sciences.
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SECTION 1

PROJECT DESCRIPTION

Introduction

The ratio of "N/"N in inorganic nitrogen in ground water as compared with the ratio of
atmospheric nitrogen, which is the standard, can be used to determine the source of the nitrogen.
Thus, stable nitrogen isotopes can be used to demonstrate whether the source of nitrogen is from
(1) natural soil nitrate, (2) inorganic fertilizer, or (3) animal wastes (which includes humans)
(Fetter, 1994). In the current study, water samples were to be collected from selected cave
springs across storm events prior to and after the application of fertilizers in the Spring Mill Lake
drainage basin, Lawrence and Orange Counties, to determine the source of nitrogen in the
ground water (fig. 1).

Sampling Design

Storm-event samples were collected from February 18 to 23, 2000, at Donaldson Cave Spring,
and the confluence of the streams from Hamer, Whistling, and Wind Caves after a rain event of
3.1 inches. This event occurred in less than 24 hours. According to statistical return period for
storms lasting 12 to 24 hours, this was a 2- to 5-year storm.

Sampling Schedule

The project schedule included sampling the ground water emerging from Donaldson Cave and
the confluence of the streams from Hamer, Whistling, and Wind Caves across a major storm
event prior to fertilizer application in the Spring Mill Lake drainage basin. The storm event on
February 18, 2000 was selected as the event to sample. At each of the two sampling sites, four
one-liter samples were collected on February 18 and 19; three one-liter samples were collected
on February 20, and one one-liter sample per day was collected on February 21 to 23.

Originally samples for nitrogen isotope analysis were to also be collected during a storm event,
which occurred in the late spring or early summer after the application of fertilizers in the Spring
Mill Lake drainage basin. However, the severe drought of 1999-2000 lowered the incipient
ground-water level in much of south-central Indiana. Due to the drought induced low-flow
conditions, it was not possible to conduct all of the proposed storm-event sampling in the Spring
Mill Lake drainage basin.

In lieu of collecting post-application storm event samples for nitrogen isotope analysis, water
samples will be collect at the Donaldson Cave Spring and Hamer combined sites during the
spring 2001 pesticide application on at least a biweekly interval from mid-April to mid- to late
June. An effort will be made to collect samples for nitrogen isotope analysis after storm events if
conditions allow.
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Figure 1. Map showing the Spring Mill Lake watershed in Lawrence and Orange Counties in south central Indiana (Buehler and Hasenmueller, 2000).
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SECTION 2
PROJECT ORGANIZATION and RESPONSIBILITY
The organization and responsibilities of project personnel, along with the lines of interagency

communication, are outlined below (fig. 2). The names and addresses of project personnel are
listed in Appendix A.

Kathleen Hagan
Project Manager
IDEM

Nancy Hasenmueller

Project Manager
1IGS
Noel Krothe J. Comer Edwin Hartke
Co-Principle Investigator QA Officer Co-Principle Investigator
U IGS 1GS

Mark Buehler
Field Assistant
U

Figure 2. Project organization and responsibilities.
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SECTION 3

DATA QUALITY OBJECTIVES
WATER SCIENCES LABORATORY

The objective of the University of Nebraska Water Sciences Laboratory Quality Assurance
Program is to foster accurate, precise, and reliable analytical results for all procedures performed
at the facility. Implementation of this program includes managerial, statistical, investigative,
preventive and corrective techniques to maximize data quality.

The data quality objectives define the total variability or uncertainty that can be tolerated in the
data for a project. Uncertainty in data can be a result of sampling, sample handling, or problems
in analysis. The level of uncertainty in analytical results is monitored through the use of quality
control samples. In nitrogen isotope analysis, the expected range of results for different sources
or environments dictates the level of uncertainty. The level of uncertainty in nitrogen isotope
analysis is quantified by calculating the standard deviation of two or more analysis of sample
aliquots (duplicates). If the standard deviation is greater than previous results for field duplicates,
additional aliquots are analyzed to determine whether there is a problem with a specific result.
Analytical uncertainty in nitrogen isotope analysis is monitored through the use of atmospheric
standards, nitrate and ammonia standards, and nitrogen isotope reference samples. If any result
for these standards is outside the expected range, then selected samples associated with these
standards are reanalyzed to check reproducibility.

The level of analytical uncertainty is also related to the amount of nitrogen measured. While
isotope ratio mass-spectrometric analysis can be performed on samples as small as 0.02 mg
(equivalent to 0.2 mg N/L), the most reproducible measurements are performed with samples
containing at least 0.05 mg of nitrogen. In order to provide the highest level of confidence in the
results, samples containing 0.2 to 0.5 mg N/L are concentrated to provide at least 0.05 mg
nitrogen. Samples containing less than 0.2 mg N/L are not used for nitrogen isotope
determination.

Specific objectives to promote quality assurance include:

1. development and utilization of rugged analytical methods adapted from published and
standardized procedures

training or appropriate laboratory personnel in basic QA/QC measures

establishment of performance standards to compare with routine data quality
establishment of procedures for method/procedure modification to improve data quality
monitoring and documenting routine analytical performance

participation in appropriate performance evaluation programs.

Sk

In general, Water Sciences Laboratory emphasizes the prevention of problems rather than
detection and correction of problems after they occur. The laboratory will use published
standardized methods and provide written procedures, including basic QA/QC requirements, to
staff for all routine methods and activities influencing data quality. New methods will be
verified using suitable test samples or reference materials, and compared to previously validated
methods if possible. The laboratory will retain copies of all supporting documentation, including
analytical results, for a time period specified by each project. If necessary, results are held
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indefinitely to verify the actions taken for each sample analyzed at the facility. A comprehensive
calibration and maintenance program optimizes instrument performance and data quality.
Reagents and supplies used will be of appropriate grades for the procedure, and gravimetric and
volumetric apparatus will be of suitable class and calibrated as necessary.

SECTION 4

NITROGEN ISOTOPE SAMPLING
and
ANALYTICAL PROCEDURES

4.1 Introduction

In recent years, quality assurance and control has become fundamental to the production of
analytical data for scientific research. The purpose of this section of the manual is to describe
the quality assurance program employed at the University of Nebraska Water Sciences
Laboratory. The Water Sciences Laboratory strives to apply appropriate elements of this
program to all research and analytical activities. This manual provides Laboratory personnel and
other interested parties with a description of our policies for maintaining analytical quality
assurance.

Quality Assurance Project Plans define project-specific QA policies for research conducted
through the Water Sciences Laboratory.

4.2 Sampling

Water samples for 8'°N of nitrate and ammonia are collected and stored in 1-liter polyethylene
bottles. The samples should immediately be placed in ice. Samples specifically collected for
8'°N analysis of ammonia-N in ground-water should be collected and acidified to pH <2.0 with
concentrated sulfuric acid. Samples for '°N analysis of nitrate-N can be collected without
acidification. Surface-water samples for either nitrate-N or ammonia-N 8'"°N should be field
filtered using 0.45 um membrane filters before acidification. Freezing with dry ice can be used
as an alternative to field filtering and acidification. All samples should be stored and transported
on ice. Samples may be frozen if holding times beyond seven (7) days are anticipated.

Water samples will be shipped to Water Sciences Laboratory with appropriate chain of custody
form in coolers. Samples will be kept on CO,-based dry ice to keep them frozen. Samples that
cannot be shipped the same day of collection will be kept frozen in separate freezers at Indiana
University, Department of Geological Sciences.
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SECTION 5

CHAIN of CUSTODY

As with other types of laboratory analyses, the objectives are that measurements be
representative of the sample at the time of analysis and that the results be comparable to those
obtained by other laboratories when identical samples are analyzed. A representative sample is
dependent upon proper collection, labeling, transport, storage, and analysis (fig. 3). The
comparability of results is fostered through the use of accepted sampling and analytical
protocols.

All samples transported to the Water Sciences Laboratory will be brought to the attention of the
laboratory manager and the primary analyst. Samples should be handled so that their integrity is
assured. Personnel accepting samples and field records at the Water Sciences Laboratory are
responsible for:

l. initiating the laboratory record of the samples and insuring that the handling of
samples is documented;

2. logging sample information on tracking forms, and assigning a LIMS sample ID;

3. storing samples in the proper location;

4. alerting the analyst to the presence and status of the samples.

Water samples for "N of nitrate and ammonia are collected and stored in 1-liter polyethylene
bottles. The samples should immediately be placed in ice. Samples specifically collected for
8'°N analysis of ammonia-N in ground-water should be collected and acidified to pH <2.0 with
concentrated sulfuric acid. Samples for '°N analysis of nitrate-N can be collected without
acidification. Surface-water samples for either nitrate-N or ammonia-N 8'°N should be field
filtered using 0.45 pm membrane filters before acidification. Freezing with dry ice can be used
as an alternative to field filtering and acidification. All samples should be stored and transported
on ice. Samples may be frozen if holding times beyond seven (7) days are anticipated.

Samples will be shipped to Water Sciences Laboratory with appropriate chain of custody form in
coolers. Samples will be kept of dry ice to keep frozen. Samples that cannot be shipped the
same day of collection will be kept frozen in separate freezers at Indiana University, Department
of Geological Sciences.
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SECTION 6

ANALYTICAL EQUIPMENT
and
INSTRUMENTAL CALIBRATION and MAINTENANCE

All nitrogen isotope determinations are preformed on either a VG Instruments OPTIMA or a
Nuclide 6-60-RMS stable isotope ration mass spectrometer (IRMS). Because of mass
requirements, all samples with very low NOs; —N concentrations are analyzed on the OPTIMA.
The OPTIMA was purchased in 1992 as a state-of-the-art IRMS with improved ion optics,
amplifier design, and electronics which improved both the sensitivity and precision of nitrogen
isotope ratio measurements. The instrument is capable of measurements in the mass range of 2-
80 m/z, with a resolution (M/AM) of 100. It has an absolute sensitivity of 1,500 molecules of
CO; per mass 44 ions. It has been fitted with a nitrogen “cold finger” cryotrap which reduces the
sample size requirements for nitrogen to 20 bar pL, which is equivalent to ~23 pg N, or about 0.2
mg/L NO; —N in an unconcentrated sample. The internal precision of the OPTIMA is 0.01 parts
per thousand (26).

The isotopic composition of the purified nitrogen samples is measured and simultaneously
compared to that of the working standard. The 8'°N of the sample is the measured isotopic
composition relative to the atmospheric standard expressed in parts per thousand (°/,0) using the
equation:

(ISN /14N )sample - (ISN /14N)
(ISN /14N)

standard

8N (°/oo) = x 1,000.

standard

The sample standard deviation for 20 preparations of an ammonium standard of known isotopic
composition was * 0.5 °/o,. The standard deviation for 216 preparations of the working standard
was 0.07 °/o. The relative percent difference from the analysis of 39 sets of duplicate samples
was 0.59 %/,.

The laboratory’s instrumental calibration and maintenance includes, but are not limited to, the
proper instrument calibration standardization as specified in the instrument manual and the
approved laboratory protocol using known standard for preparing calibration curves to calculate
sample results.

SECTION 7
ANALYTICAL PROCEDURES

Sample preparation for nitrogen isotope analysis involves steam distillation, quantitative
conversion to nitrogen gas, which is purified and collected on a high vacuum preparation system,
and measurement by isotope ratio mass spectrometry. Frozen samples are thawed immediately
before analysis and shaken thoroughly to insure homogeneity prior to measurement of an aliquot
into a distillation flask. In samples for determination of 8'°N of nitrate-N, the pH of the solution
is increased to 9.5-10 with the addition of magnesium oxide and ~50 mL of ammonia distillate
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are collected and discarded. Nitrate in the solution is then reduced to ammonia with Devardes
alloy, 100 mL of distillate collected in a boric acid indicator solution, and the nitrate-N
concentration determined titrimetrically with standardized sulfuric acid.

In samples for 8"°N determination of ammonia-N, an aliquot of the acidified sample is
neutralized with a known amount of 1N sodium hydroxide. A second 100-mL aliquot is put on
the distillation system, the predetermined amount of sodium hydroxide added to neutralize the
sample, the pH increased to 9.5-10 with magnesium oxide, and 100mL of ammonia distillate
collected in a boric acid indicator solution. The ammonia-N concentration is determined
titrimetrically with standardized sulfuric acid.

A nitrate-N standard, a blank, and an ammonium-N standard of known isotopic composition and
concentration are distilled prior to beginning the day’s analyses. After every fifth sample, the
system is cleaned by steam distilling ethanol. One sample in twenty is analyzed in replicate to
monitor precision.

The distillates from both the ammonia and nitrate fractions are acidified with 1N sulfuric acid
immediately after titration and evaporated to 1 to 2 ml on a hot plate. The concentrated distillate
is reacted with lithium hypobromite on a high-vacuum preparation line and the ammonium
quantitatively reduced to nitrogen gas, purified by passage through two liquid nitrogen cryotraps
and a 400° C copper oven, and collected in a gas sample bulb.

Atmospheric nitrogen standards are prepared on the same high-vacuum preparation line. With
the exception of an additional copper oxide furnace trap, gas purification is similar to that of the
samples. Ultrapure nitrogen is used as the working standard and is calibrated against the
atmospheric nitrogen standard.

The holding time for nitrogen isotope samples is six (6) months. Because samples are kept
frozen, denitrification will not occur or be at a minimum. Daniel Snow of Water Sciences
Laboratory stated that there is no EPA reference number for nitrogen isotopes. Accuracy and
precision of analysis were based on an interlaboratory comparison (in 1993) between 15
laboratories worldwide in the measurement of seven (7) different reference materials for nitrogen
isotope ratio analysis. The Water Sciences Laboratory fell within average for all seven analytes.

SECTION 8

LABORATORY QUALITY CONTROL PROCEDURES
AND ANALYTICAL QUALITY CONTROL CHECKS

The Water Sciences Laboratory quality control checks for samples include, but are not limited
to:

1. the use of laboratory forms to identify date and time of sample receipt, the
recipient, the date of analysis and the analyst, and the test result;

2. strict adherence to chain of custody procedures (when required);

3. presenting sampling instructions and training sessions to field personnel (when
required);
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4. inserting known blind check samples to accompany samples to verify proper
sample transit conditions, if required by the approved laboratory protocol.

Quality control includes all procedures followed to ensure that the accuracy of the data generated
is known to a stated degree of probability, and encompasses instrument calibration, personnel
training, and use of pure reagents and certified standards. QC samples, whether laboratory or
field, are logged into the WSKims database and assigned a unique laboratory number. Thus,
during processing and analysis QC samples are indistinguishable from other samples.

The laboratory’s analytical quality control checks include, but are not limited to:

1. the analyst’s strict adherence to approved or accepted laboratory protocols;

2. analysis of method or reagent blanks (5 percent) with each run;

3. analysis of field blanks (5 percent), sample blanks, and equipment check blanks;

4. analysis of field duplicates (5 percent) or replicate samples (5 percent);

5. proper instrument calibrations standardization as specified in the instrument
manual and the approved laboratory protocol using known standard for preparing
calibration curves to calculate sample results;

6. plotting quality control results prior to calculating sample results to verify the
results are within established ranges;

7. flagging all results not within expected ranges for the particular analyte; and

8. secondary review of all laboratory results prior to reporting.

SECTION 9

COMMUNICATION/REPORTING

The laboratory manager has direct access to the laboratory director on specific quality assurance
matters as they arise. At all times, the laboratory manager will advise the laboratory director and
other responsible program management of the performance of all data production systems and of
any laboratory analytical problems.

Data will be managed through the use of data management software, which includes an in-house
developed Laboratory Information Management System. This will facilitate data sorting and
preparation of appropriate listings. Adequate precautions are taken during the reduction,
manipulation, and storage or data to prevent the introduction of errors or the loss or
misinterpretation of the data. The 8'°N of the sample is the measured isotopic composition
relative to the atmospheric standard expressed in parts per thousand (°/,,) using the equation:

(ISN /14N )sample - (ISN /14N )
(15N /14N)

standard

8N (*/oo) = x 1,000.

standard
The laboratory’s analytical quality control checks and data review include, but are not limited to

the flagging of all results not within expected ranges for the particular analyte and the secondary
review of all laboratory results prior to reporting.

11
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The lab manager will conduct periodic inspection of the data flow process to ensure accurate
intralaboratory communication.

SECTION 10
PERFORMANCE and SYSTEMS AUDITS

System performance is continually monitored through the calibration, standardization, and
validation procedures. Any failure of equipment or calibration and any unaccounted anomaly in
a data set will be noted by the analyst and the QA officer. Retesting and reanalysis will be done
to assure accuracy and precision of suspect data. Persistent failures of anomalies will be checked
by employing different instruments, procedures, or analysts.

SECTION 11
PREVENTIVE MAINTENANCE

The laboratory analyst or laboratory manager as specified in the instrument service manual will
perform preventive maintenance. The objective of preventive maintenance is to keep the
instrument in peak operational condition. All preventive maintenance for the instrument will be
documented in a permanent record routinely evaluated by the laboratory quality assurance
coordinator. If the instrument requires non-routine maintenance, it will be repaired as per the
manufacturer or vendor service contract or returned to the manufacturer for service and repair.

SECTION 12
DATA QUALITY ASSESSMENT

The acceptability of duplicate, replicate, and reference sample results are evaluated by the use of
Shewhart Statistical Equations and quality control charts. The reference for this section is “The
Handbook for Analytical Quality Control in Water and Wastewater Laboratories,” Chapter 6,
Control of Analytical Performance, by the Analytical Quality Control Laboratory, (EPA-600/4-
79-019).

Precision of the analytical measurements from duplicate analyses is assessed using the following
Shewhart Equations:

1. Determine I for duplicates:
_|A-B
" (A+B)
where A and B are the analytical results from the two duplicate samples;
2. Determine range, R of duplicates
R=|A-B|

Where A and B are the analytical results from the two duplicates. Plot R as one
value per duplicate.
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3. Determine upper control limits (UCLs) for the range in duplicate concentrations
using:

UCL = D4Raverage

where Raverage €quals the average range between duplicate analyses, and D4 equals

Shewhard factor (3.27) for duplicate analyses.
Accuracy of the analytical measurements is assessed utilizing the standard deviation formula for
results obtained from spiked samples, reference samples, or certified standards. The formulas for
calculating recovery (P), standard deviation of recovery (Sp) and control limits for accuracy are:

P = (Observed/ Known) x 100.
UCL = Paverage+ 3(SD)

LCL = Paverage _3(SD)

i Q. Py
for 50

i=1
n

T

Overall analytical uncertainty is indicated from calculating the standard deviation of results from
routine analysis of an ammonium sulfate standard. The standard deviation is near +£0.5. The
statistical range of analytical uncertainty (3 x 0.5 = +1.5) estimated from this variability is much
smaller than the expected range of results for different nitrogen sources. With dual inlet isotope
ratio mass spectrometry the accepted standard deviation from groups of standard samples is
normally <1. Thus, the expected analytical uncertainty does not prevent assessment of nitrogen
SOUrces Or processes.

In cases where the “true” concentration or value is not known, the measured value of “X” is
plotted and compared to the calculated mean of numerous measurements of “X.” The control
limits in such cases are calculated from the mean and standard deviation of “X” rather than “P.”
SECTION 13
CORRECTIVE ACTION

The laboratory manager and laboratory director under the following circumstances will initiate
laboratory corrective action:

1. unacceptable precision between duplicate analyses (values exceeding UCL);
failure to pass external testing audits;

3. use of nonstandard procedures, i.e., not following the approved laboratory
protocol.

13
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If corrective action is necessary, the analyst will take some or all of the following steps to
remedy the problem:

recheck all calculations and measurement data;

check instruments to ensure proper calibration and operation;

check reagents for proper reactivity;

assure that proper operating procedures are followed,

reanalyze all samples run at the same time the problem occurred;

if the problem continues, seek assistance from the instrument manufacturer as
necessary.

S e

SECTION 14

QUALITY ASSURANCE REPORTS

The objective of the University of Nebraska Water Sciences Laboratory Quality Assurance
Program is to foster accurate, precise, and reliable analytical results for all procedures performed
at the facility. Implementation of this program includes managerial, statistical, investigative,
preventive and corrective techniques to maximize data quality.

In general, Water Sciences Laboratory emphasizes the prevention of problems rather than
detection and correction of problems after they occur. The laboratory will use published
standardized methods and provide written procedures, including basic QA/QC requirements, to
staff for all routine methods and activities influencing data quality. New methods will be
verified using suitable test samples or reference materials, and compared to previously validated
methods if possible. The laboratory will retain copies of all supporting documentation, including
analytical results, for a time period specified by each project. If necessary, results are held
indefinitely to verify the actions taken for each sample analyzed at the facility. A comprehensive
calibration and maintenance program optimizes instrument performance and data quality.
Reagents and supplies used will be of appropriate grades for the procedure, and gravimetric and
volumetric apparatus will be of suitable class and calibrated as necessary.

14
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APPENDIX A

PARTICIPANTS in PROJECT and CONTACT INFORMATION

IDEM/Nonpoint Source Section

Jill Reinhart, Section Chief

Indiana Department of Environmental Management (IDEM)
100 N. Senate Ave., P.O. Box 6015

Indianapolis, IN 46206-6015

Phone: (317) 232-0019

Kathleen T. Hagan

Watershed Management Section, OWM
100 North Senate Avenue, P.O. Box 6015
Indianapolis, IN 46206-6015

(317) 233-8801

FAX: (317) 232-8406

e-mail: khagan@dem.state.in.us

IGS/Environmental Geology Section
Edwin J. Harke, Section Head

Indiana Geological Survey (IGS)

611 North Walnut Grove
Bloomington, IN 47405-2208

(812) 855-1353

FAX: (812) 855-2862

e-mail: ehartke@indiana.edu

Nancy R. Hasenmueller, Research Geologist
Indiana Geological Survey
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