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Conversion Factors

International System of Units to U.S. customary units

Multiply By To obtain
Volume
liter (L) 33.81402 ounce, fluid (fl. 0z)
liter (L) 2.113 pint (pt)
liter (L) 1.057 quart (qt)
liter (L) 0.2642 gallon (gal)
Mass
gram (g) 3.53x102 ounce, avoirdupois (0z)
milligram (mg) 3.53x10°3 ounce, avoirdupois (0z)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8x°C) + 32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

Supplemental Information

°C=(°F-32)/18.

Specific conductance is in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25 °C).

Concentrations of chemical constituents in water are given in milligrams per liter (mg/L).



Abbreviations

%RSD percent relative standard deviation
ANC acid-neutralizing capacity
ASR Analytical Services Request

ASTM American Society for Testing and Materials

EPA U.S. Environmental Protection Agency

FCC filtered (sample), chilled, high-density polyethylene, amber, 125 milliliters,
unacidified

FRP filterable reactive phosphorus

FU filtered (sample), high-density polyethylene, 250 milliliters, unacidified

HTS holding-time study

I instable

LASD Laboratory Analytical Services Division
LIMS Laboratory Information Management System
MDL method detection limit

NwaQL National Water Quality Laboratory

RU unfiltered (sample), high-density polyethylene, 250 milliliters, unacidified
S stable

SD standard deviation

SRS standard reference sample

TON total oxidized nitrogen

USGS U.S. Geological Survey
WCA unfiltered (sample), chilled, high-density polyethylene, 125 milliliters, acidified
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Evaluation of Nutrient, Alkalinity, and Acid-Neutralizing
Capacity Stabilities in Water Samples Analyzed by
the U.S. Geological Survey National Water Quality

Laboratory, 2023-24

By Tedmund M. Struzeski, Gregory A. Wetherbee, and Jonathan Morrison

Abstract

The U.S. Geological Survey evaluated the stability of
water-sample chemical analysis of nutrient, alkalinity, and
acid-neutralizing capacity constituents with respect to the
duration between sample collection and laboratory analysis,
also known as the sample holding time. A study began in the
spring of 2023 to evaluate the sample stability, between 2 and
180 days after sample collection, of the chemical properties
and chemical constituents of alkalinity as calcium carbonate,
filtered; acid-neutralizing capacity as calcium carbonate,
unfiltered; total ammonia as nitrogen, filtered; total ammonia
plus organic nitrogen as nitrogen, filtered and unfiltered;
nitrite as nitrogen, filtered; nitrate plus nitrite as nitrogen,
filtered; total nitrogen, filtered and unfiltered; orthophosphate
as phosphorous, filtered; and total phosphorus as phosphorus
(filtered and unfiltered) in water. Both surface water and
groundwater matrices were represented.

Sample instability varied by observed property and
matrix; therefore, providing general guidance for sample
holding time is not possible based on matrices alone.

No correlations between field measurements of sample
characteristics and sample instability were observed. Although
observations for some properties indicate sample stability

that exceeds the recognized U.S. Geological Survey National
Water Quality Laboratory method holding times, this is not
necessarily the case for matrices and seasonal characteristics
that were not investigated.

Based on the limited number of six sample sources
used in this study, some patterns emerge for the 12 observed
properties studied. Five observed properties generally indicate
stability for as many as 180 days after sampling (total nitrogen
as nitrogen, both filtered and unfiltered; orthophosphate as
phosphorus, filtered; and phosphorus as phosphorus, both
filtered and unfiltered). Other observed properties indicate
stability for as many as 180 days for some matrices, but
not for others. Finally, some observed properties indicate
instability well before 180 days.

Plain Language Summary

In 2023-24, the U.S. Geological Survey (USGS)
studied how long different chemical measurements in water
samples remain reliable if analysis is delayed after collection.
This question became important after the National Water
Quality Laboratory (NWQL) experienced a large backlog
of sample analyses causing many samples to be analyzed
outside the timeframe required by the NWQL, which affected
many USGS studies, some of which were being done for
regulatory purposes (such as to meet requirements set by
the Environmental Protection Agency). There are specific
time frames in place to ensure that analyte concentrations do
not change significantly between sampling and the time of
analysis. The study focused on those water-quality measure-
ments that tend to be most affected by delayed analysis
including forms of nitrogen and phosphorus (nutrients),
alkalinity, and acid-neutralizing capacity. Because the type of
water can affect sample stability, samples used in the study
were collected from six separate locations (five streams
and one well) from across the United States. Samples were
analyzed repeatedly for periods ranging from two days to 180
days after collection. The study found that sample stability
depends on what is being measured and on the type of water
the measurement comes from. Overall, the study found that
some analyses performed after the required timeframe can still
be useful, but data quality depends on the specific chemical
measurement, the water type, and the intended use of the data.

Introduction

In 2022, the U.S. Geological Survey (USGS) National
Water Quality Laboratory (NWQL) experienced a large
sample backlog that resulted in many nutrient, alkalinity, and
acid-neutralizing capacity (ANC) samples not being analyzed
within their holding times as required by the NWQL. This
issue persisted through May 2024. Chemical properties and
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constituents, otherwise referred to as observed properties,
for which a large number of holding-time exceedances were
observed, are shown in table 1. Nearly 80,000 individual
analyses were completed on samples after the recognized
NWQL method holding time. This affected numerous USGS
studies. Many of these specific observed properties are used
in the computation of total nitrogen in water and are often
associated with analyses done for regulatory purposes.

The U.S. Environmental Protection Agency (EPA)
defines sample holding time as the period of time a sample
may be stored before analysis (EPA, 2002). According to the
EPA, although exceeding the holding time does not necessarily
negate the veracity of analytical results, exceeding the holding
time requires any data not meeting all the specified acceptance
criteria be qualified or flagged. The EPA sets holding-time and
preservation requirements for nonpotable waters to ensure that
analyte concentrations do not change significantly between
sampling and the time of analysis. Specific sample holding-
time and sample preservation requirements are provided
under 40 CFR part 136 as authorized by section 304(h) of
the Clean Water Act (33 U.S.C. 1251 et seq.). The effects of
sample storage duration on sample integrity and resulting
data could vary and depend on many variables, including
inherent microbial activity, sample matrix (for example, saline
compared to freshwater), whether the samples were filtered or
unfiltered, sample preservation (Degobbis, 1973; Klingaman
and Nelson, 1976; Gardolinski and others, 2001), and possible
redox conditions (Tate and others, 1995).

As the issue of samples being analyzed after their elapsed
holding times came into focus, USGS scientists from around
the country formed a study group and met to discuss what
was needed to evaluate these sample results. The meetings
began in the spring of 2023 to discuss ways to evaluate data
from samples analyzed after NWQL method holding times.

To understand the effects more fully on data quality from
samples being analyzed after their listed holding times, a
holding-time study (HTS) was designed to evaluate the
potential changes in sample quality from a variety of water
matrices and environmental conditions.

Previous Investigations

Previous investigations of analytical methods for nutrients
include studies to evaluate different nutrient preservation
methods (Patton and Truitt, 1995; Bartholomay and Williams,
1996; Patton and Gilroy, 1999) and to compare alternate
analytical methods for nitrogen (N) and phosphorus (P) by
alkaline persulfate digestion and Kjeldahl digestion (Patton
and Kryskalla, 2003). In 1992, the USGS experimented with
comparing preservation methods for eight nutrient analyses
from 15 sites across the United States (Patton and Truitt,
1995). In the 1992 study (Patton and Truitt, 1995), natural
water samples and synthetic reference samples were used
to evaluate the analysis comparisons. This study focused
on various preservation methods for five time intervals

(3,7, 14, 22, and 35 days) for filtered ammonia (NH,),

nitrite plus nitrate (NO," plus NOj5"), nitrate (NO5"), and
orthophosphate (PO,*) as well as unfiltered and filtered
Kjeldahl N and P. Samples that were preserved with either
mercury (IT) chloride (HgCl,) or sulfuric acid (H,SO,) showed
no statistically significant difference on the 30-day stability of
P concentrations in unfiltered samples. In a subset of samples
where ammonia was half the concentration of the Kjeldahl

N, preservation stabilized unfiltered Kjeldahl concentrations
(Patton and Truitt, 1995).

Studies of nutrient stability in natural waters through
extended time periods (more than 30 days) using storage
methods comparable to those of the USGS samples
include Maher and Woo (1998), Yorks and McHale (2000),
Gardolinski and others (2001), and Kaiser and others (2016).
An experiment by Gardolinski and others (2001) analyzed
total oxidized nitrogen (TON, NO," plus NO;-,) and filterable
reactive phosphorus (FRP, PO,?) in four samples of river
and estuary water of varying salinities, collected once in
winter and once in early fall. The samples were stored at
varying temperatures with and without preservation and were
analyzed at time intervals up to 247 days after sampling.

The authors found that TON and FRP stability was highly
matrix dependent; TON was stable in most samples and storage
treatments during extended time periods, whereas FRP declined
with most treatments. Yorks and McHale (2000) investigated
the stability of NO;7, NH; and total N in 16 samples of soil
water during a 24-week period with refrigeration and no
preservation. They found that total N was stable up to 8 weeks
and had decreased only slightly by the end of the study;

NOj;- decreased only slightly after 3—16 weeks; and NH,,
where present, decreased throughout and especially during the
first week. Kaiser and others (2016) reported on a 2009 study
in which NOj- in groundwater with low, medium, and high
concentration levels was stable during a 74-day period, with
and without refrigeration. Maher and Woo (1998) summarized
many studies of P species stability, including some that
extended longer than 30 days and included refrigeration only.

Purpose and Scope

This report presents the design and results of the
HTS done in 2024. The USGS collected the samples and
analyzed the data. The results of previous investigations are
summarized in this report to provide background and context
for understanding the HTS results. This report also provides
an evaluation of the effects of extended holding times on
nutrient concentrations in environmental water samples and
observations for consideration when using data pertaining to
such samples in interpretive studies.

The results of the HTS pertain specifically to samples
collected by the USGS and analyzed at the NWQL. Custom
NWQL laboratory schedule 3077 was used for the study.
The evaluated observed properties are listed in table 1.



Wide application of the HTS results outside of the

USGS should be done with an understanding of the study’s
limitations. The results may not necessarily be applicable to
samples collected, handled, and analyzed by methods that differ
from those of the NWQL. Although the HTS was designed to
replicate actual field and laboratory conditions imposed upon

Table 1.

Purpose and Scope 3

the affected environmental samples collected, the HTS samples
were not necessarily handled the same as routine environmental
samples. This was because the HTS samples were part of a large

of routine environmental samples.

Custom Laboratory Schedule 3077 used in the holding-time study.

study and required some handling logistics that varied from that

[National Water Information System (NWIS) parameter, laboratory (lab), and method codes from National Water Quality Laboratory (2023). NWQL, National
Water Quality Laboratory; USGS, U.S. Geological Survey; mg/L, milligrams per liter; CaCOj;, calcium carbonate; fitd, filtered; EP, end point; titr, titrated;
lab, analysis done in laboratory; ANC, acid-neutralizing capacity; unfltd, unfiltered; NH;, ammonia; +, plus; NH,*, ammonium; N, nitrogen; P, phosphorous]

Container
Parameter Observed property WIS NWaL - NWIS USGS Filtered or  Detection type or
L . parameter lab  method X o
description in NWIS method unfiltered limit' (mg/L)  sample
code code code
treatment?
Alkalinity, water, filtered, fixed endpoint Alkalinity as CaCOj, 29801 2109  TT040 1-2030-893 Fltd 4.0/2.54 FU
(pH 4.5) titration, laboratory, mg/L as water, fltd, fixed EP
calcium carbonate (pH 4.5) titr, lab
Acid neutralizing capacity, water, unfiltered, ~ANC as CaCO,, water, 90410 0070  TT040 1-2030-893 Unfitd 4.0/2.54 RU
fixed endpoint (pH 4.5) titration, labora- unfltd, fixed EP (pH
tory, mg/L as calcium carbonate 4.5) titr, lab
Ammonia (NH; + NH,,), water, filtered, Total ammonia as N, 00608 3116  SHC02 1-2522-90° Fltd 0.02 FCC
mg/L as nitrogen water, fltd
Ammonia plus organic nitrogen, water, Total ammonia + organic 00623 1985  KJOO2 I-2515-91¢ Fltd 0.07 FCC
filtered, mg/L as nitrogen nitrogen as N, water,
fitd
Ammonia plus organic nitrogen, water, Total ammonia + organic 00625 1986  KJOO8  I-4515-91¢ Unfitd 0.07 WCA
unfiltered, mg/L as nitrogen nitrogen as N, water,
unfltd
Nitrite, water, filtered, mg/L as nitrogen Nitrite as N, water, fitd 00613 3117 DZ001 1-2540-905 Fltd 0.001 FCC
Nitrate plus nitrite, water, filtered, mg/L as Nitrate + nitrite as N, 00631 3157 REDO02 1-2548-117 Fltd 0.01 FCC
nitrogen water, fltd
Total nitrogen (nitrate + nitrite + ammonia Total nitrogen as N, 62854 2754  CL063 1-2650-038% Fltd 0.05 FCC
+ organic-N), water, filtered, analytically water, fltd
determined, mg/L
Total nitrogen (nitrate + nitrite + ammonia + Total nitrogen as N, 62855 2756  AKPOl1 1-4650-038 Unfitd 0.05 WCA
organic-N), water, unfiltered, analytically water, unfitd
determined, mg/L
Orthophosphate, water, filtered, mg/L as Orthophosphate as P, 00671 3118 PHMO1 1-2601-903 Fltd 0.004 FCC
phosphorus water, fitd
Phosphorus, water, filtered, mg/L as phos- Phosphorus as P, water, 00666 1983 KJ005 1-2610-91° Fltd 0.02 FCC
phorus fitd
Phosphorus, water, unfiltered, mg/L as Phosphorus as P, water, 00665 1984  KJ009 1-4610-91° Unfitd 0.02 WCA

phosphorus

unfltd

Detection limit based on actual detection limit associated with routine environmental sample data from NWQL for October 2021 through September 2024.

2Container type or sample treatment abbreviations: FU, filtered (sample), high-density polyethylene, 250 milliliters (mL), unacidified; RU, unfiltered (sample),
high-density polyethylene, 250 mL, unacidified; WCA, unfiltered (sample), chilled, high-density polyethylene, 125 mL, acidified; FCC, filtered (sample),
chilled, high-density polyethylene, amber, 125 mL, unacidified

3Fishman and Friedman (1989).

“4Detection limit changed from 4.0 mg/L to 2.5 mg/L on July 24, 2023.

SFishman (1993).

6Patton and Truitt (2000).
7Patton and Kryskalla (2011).
8Patton and Kryskalla (2003).
9Patton and Truitt (1992).
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Holding-Time Study Design

The HTS was designed to evaluate how the results of
specific observed properties from a water sample varied
during a period of approximately 6 months after the time
of collection. The observed properties selected for the HTS
were based on the high frequency of holding-time exceed-
ances for those parameters. These observed properties and
the associated NWQL methods are shown in table 1.

The sampling sites selected for the HTS were
chosen to replicate sample types (matrices), as closely as
possible, to the sample types that were analyzed outside
the NWQL-method holding time at the NWQL. The HTS
included sites that were distributed geographically, had
long-term monitoring records, had data affected by the
holding-time exceedances, and included groundwater and
surface-water sites. Also, the study group recommended
inclusion of sites that were part of ongoing monitoring
networks so that samples could be collected as part of
ongoing sampling activities. Potential sampling locations
were identified after reviewing historical concentrations of
nutrients and alkalinity (the observed properties affected by
the holding-time exceedances) as well as dissolved oxygen,
dissolved organic carbon, specific conductance, and other
characteristics that possibly could affect sample stability.

In addition, seasonality was considered, but time constraints

prevented incorporating this variable into the study.

Based on available resources, ultimately six USGS sites from
a wide geographic distribution were selected and sampled

in November and December 2023. The locations of the

sites sampled for this study are shown in figure 1. Average
concentrations and their subjective categorical classifications
(low, moderate, and high) for the six sites are shown in

table 2 (U.S. Geological Survey, 2024).

Seven time intervals were initially chosen for
analysis of the HTS test samples. Time intervals include
three intervals within the NWQL holding time to look
for early sample instability, and four intervals outside
the NWQL method holding time to investigate long-term
sample stability. The time intervals for the study were
48 hours (2 days; referred to as “day 2” in the report),

2 weeks (14 days), 4 weeks (30 days), 8 weeks (60 days),
12 weeks (90 days), 16 weeks (120 days), and 20 weeks
(150 days) after sample collection. Due to laboratory
logistics, the intervals were not always exactly met. An
additional eighth time interval at 26 weeks (180 days)

was added by using an additional set of sample bottles
submitted for most sites. No spare sample bottles were
submitted for site number 01193050 (Connecticut River at
Middle Haddam, Conn.), so no data were collected for this
site for the 180-day interval.
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Figure 1.

FLORIDA

Map showing U.S. Geological Survey (USGS) surface-water and groundwater sites sampled for the holding-time study.
Site names and numbers are from U.S. Geological Survey, 2024.
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Table 2. U.S. Geological Survey (USGS) sites and selected historical water-quality data from the National Water Information System

used for site selection in the holding-time study (U.S. Geological Survey, 2024).

[HTS, holding-time study; ID, identification; unfltd, unfiltered; pS/cm, microsiemens per centimeter; °C, degrees Celsius; O,, oxygen; mg/L, milligrams per
liter; N, nitrogen; fltd, filtered; +, plus; CaCOj, calcium carbonate; titr, titrated; field, analysis done in field; WS, surface water; —, no data; WG, groundwater]

B Total_ Nitrate Alkalinity ) Total
Specific . Total ammonia L as CaCO,;,  Dissolved .
conductance, Dissolved ammonia  +organic nitrite water fitd,  organic 'O
HTS ID USGS stream Stream Site " 0, water, +org asN, . L g carbon,
3 State . water, unfitd, asN, nitrogen as inflection-  carbon,
number site number site name type unfltd water, L water,
(pS/cm at (mg/L) water, flitd N, water, fitd pointtit,  water, fitd unfitd
25°C) 9 (mg/L) unfltd (mg/L) field (mg/L (mg/L) (ma/L)
(mg/L) 9 as caco,) 9
1 07144100 Kansas Little Arkansas River WS — 7.7 0.06 1.24 0.86 196 6.1 12.4
near Sedgwick,
Kans.
2 01193050 Connecticut ~ Connecticut River at WS — 10.4 0.04 0.32 0.3 — 33 —
Middle Haddam,
Conn.
375327097285401  Kansas SMW-S11 near CW36 ~ WG 454 4.6 0.03 — 1.06 102 1.6 1.6
4 11303500 California San Joaquin River near WS — 9.5 0.03 0.41 0.86 70 3.1 —
Vernalis, Calif.
5 09306255 Colorado Yellow Creek near WS 3,965 10.2 0.08 0.76 0.69 1,586 10.8 —
White River, Colo.
6 14211720 Oregon Willamette River at WS 79 11.1 0.06 0.22 0.61 26 1.5 —

Portland, Oreg.

Sample Collection, Processing, and
Handling

Surface-water and groundwater samples were collected
and processed for filtered and unfiltered water analysis in
accordance with the USGS National Field Manual for the
Collection of Water-Quality Data, which includes standard
USGS sample collection methods (U.S. Geological Survey,
variously dated). Field measurements of water temperature,
specific conductance, pH, and dissolved oxygen were
collected and recorded following standard USGS protocols
(U.S. Geological Survey, variously dated). In addition, field
titrations were performed for unfiltered ANC and filtered
alkalinity at each site. Field replicates for ANC and alkalinity
measurements were performed at some, but not all, sites.
Information for each sample is provided in table 3.

A large sample volume was collected to ensure enough
sample water for all required analyses in the HTS. The overall
sample volume needed for all the sample bottle rinses, filter
conditioning, sample splits, field titrations, and analyses was
at least 12 liters (L). For samples to be as uniform as possible,
surface-water samples were collected and composited in a
large churn (14.0 L) where possible. Groundwater samples
were collected from a pumped well. The volume of sample for
each bottle was approximately 100—125 milliliters (mL).

A minimum of 21 sets of bottles (4 bottles per set),
plus an additional 3 sets of spare bottles (96 bottles total),
were submitted to the NWQL for each site to accommodate
three replicate analyses for each of the seven time intervals.
Separate bottles for each time interval and each replicate were
collected so that bottles could be opened immediately prior to
analysis instead of reusing samples that had been previously
opened and exposed to the atmosphere for various amounts of

time. The use of three separate bottles for each time interval
allowed for comparing bottle-to-bottle sample stability as well
as stability through time.

This effort required the following bottles to be collected as
a bottle set: 125 mL filtered, chilled, high-density polyethylene,
amber, unacidified (FCC); 125 mL unfiltered, chilled, high-
density polyethylene, acidified (WCA); 250 mL (125 mL
minimum volume) filtered, high-density polyethylene, unacidi-
fied (FU); 250 mL (125 mL minimum volume) unfiltered,
high-density polyethylene, unacidified (RU; table 1).

All samples were shipped overnight to the NWQL.

Upon sample receipt at the NWQL, the bottles were checked
for proper labelling. The first set of bottles (FCC, WCA, FU,
and RU) for each site was logged into the NWQL Laboratory
Information Management System (LIMS) as a routine sample
and received an NWQL Analytical Services Request (ASR)
number. No other bottles were logged into the NWQL LIMS
for that site for that date and time, but all bottles from that site
had the NWQL ASR number on the label for tracking purposes.
Bottle labels indicated the following: the proposed analysis date
after collection (eight time intervals total); bottle number (1, 2,
or 3 for each of the selected time intervals); container type; and
analytical tests required for each container type (table 4).

The specific requirements of the HTS created a challenge
to the NWQL’s routine procedure for one-time analysis of
LIMS-tracked environmental samples. To ensure that samples
could be analyzed within 48 hours of arriving at the NWQL,
sample labelling and distribution to the NWQL analysts were
managed separately from the routine NWQL log-in procedure
and uniquely designed for this particular study to ensure that
all analytical time periods would be met as needed. Samples
treated as FCCs and WCAs were shipped to and stored at the
NWQL as chilled samples, whereas the FU and RU samples
were stored at room temperature.
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Table 3. Sample information for each sample in the holding-time study.

[HTS, holding-time study; ID, identification; USGS, U.S. Geological Survey; WS, surface water; WG, groundwater]

HTS ID USGS stream site USGS stream site name’, Collection date Loca_l Sam_ple
collection medium
number number’ State (month/day/year) .

time code

07144100 Little Arkansas River near Sedgwick, Kansas 11/13/2023 9:50 a.m. WS

2 01193050 Connecticut River at Middle Haddam, 11/13/2023 9:30 a.m. WS

Connecticut

3 375327097285401 SMW-S11 near CW36, Kansas 11/14/2023 11:00 a.m. WG

4 11303500 San Joaquin River near Vernalis, California 11/14/2023 10:00 a.m. WS

5 09306255 Yellow Creek near White River, Colorado 12/4/2023 10:30 a.m. WS

6 14211720 Willamette River at Portland, Oregon 12/4/2023 12:20 p.m. WS

IStream site numbers and names from U.S. Geological Survey, 2024.

Table 4. Example of bottle labels used in the holding-time study.

[Dates shown as month/day/year. Laboratory codes (LCs) from National Water Quality Laboratory (2023). STAID, site identifier; 7, time; =, equals; #, number;
FCC, filtered, chilled, high-density polyethylene, amber, 125-milliliter, unacidified bottle]

Sample identifications

20233180001-28d-B1

20233180001-28d-B2

20233180001-28d-B3

STAID: 1193050
7=28 days; 12/13/23
Bottle #1 FCC

LCs: 1983, 1985, 2754, 3116, 3117, 3118,
3157

STAID: 1193050
7=28 days; 12/13/23
Bottle #2 FCC

3157

LCs: 1983, 1985, 2754, 3116, 3117, 3118,

STAID: 1193050
T=28 days; 12/13/23
Bottle #3 FCC

LCs: 1983, 1985, 2754, 3116, 3117, 3118,
3157

Approaches to Evaluating Sample
Stability

Sample stability was evaluated by using three
approaches, two of which accounted for the variability of
the analytical methods: (1) by evaluating sample results with
respect to blind-blank quality-control data for the analytical
methods; (2) by evaluating sample results with respect to
natural matrix water or spiked reagent water quality-control
data for the analytical methods; and (3) by comparing
day-2 HTS analytical results to subsequent measurements
within a criterion of £10 percent difference from the day-2
results. These approaches are described in this section and
explained in further detail in the “Interpretation of Analytical
Results” section of this report. Two additional approaches of
evaluating sample stability, from the American Society for
Testing and Materials (ASTM, 2002) and from Gardolinski
and others (2001), were investigated but were found to be
too sensitive for the HTS results. These approaches are also
described in this section.

The American Society for Testing and Materials (ASTM)
provides a standard protocol for determining holding times
that incorporates the range of variation among replicate
measurements at the start of the holding time period. The
ASTM allowable range of variation is described by equation 1:

d = +(txSD)/n"? (1)

where

d  1is the range of tolerable variation from
the initial mean concentration (in
concentration units, for example,
milligrams per liter [mg/L]),

t  1isthe Student’s ¢ (based on the number of
replicates used in the precision study),

SD is the standard deviation (in concentration

units, for example, mg/L), and

n is the number of replicates.

A high percentage of sample results from the HTS would
be considered instable when evaluated using the ASTM
approach and day-2 replicate (triplicate) measurements to
represent initial concentration in the samples at the start of
the holding time period. The mean results for some observed
properties from time intervals well after two days were



within +2 percent of the original mean value but would be
considered instable according to the ASTM approach. Because
the allowable range of variation calculated from the initial
triplicate values determined on day 2 indicated unusually

low variability, there was an unrealistically small allowable
range of variation by the ASTM approach. For example, for
the observed property ANC as calcium carbonate (CaCO,),
water, unfiltered, the allowable range that indicates stability
for sample 3 based on day-2 results is 158.7 mg/L+1.4 mg/L.
This acceptance range is less than +1 percent from the initial
mean value. Using the range allowed by the ASTM approach
results for days 60, 90, 150, and 180 are all flagged as instable
(fig. 2). Therefore, the ASTM approach was considered not
applicable for the sample stability evaluation.

An approach similar to the ASTM approach, by
Gardolinski and others (2001), was also explored. The
Gardolinski approach provided a more generous allowable
range of variation because the variability from the initial
triplicate values determined on day 2 and the variability
associated with subsequent triplicate values were considered.
Although this approach does consider more than single-day,
single-analyst variability, it does not take into account
long-term method variability, and this approach proved to be
oversensitive for this study.

We believe that the oversensitivity of both the ASTM
and Gardolinski approaches is due to the fact that single-
operator variability on a single day and single instrument is
significantly less than that of long-term (multiday and possibly
multi-instrument and [or] operator) variability (ASTM, 2002).
Because all original day-2 results are based on single-operator
variability, it is reasonable to conclude that many results after
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day 2 that failed to fall within the allowable range of variation
for the ASTM and Gardolinski approaches were from a stable

sample, but the results did not meet the stringent criteria of the
ASTM and Gardolinski approaches.

To determine when subsequent results varied significantly
from the day-2 values, long-term method variability had to
be considered. By properly characterizing actual method
variability, it was possible to create limits (referred to as
“stability limits” in this report) around the day-2 results within
which subsequent results would fall if the sample was stable.
Samples with results falling outside of those limits, or outside
of expected method variability, could be considered instable.

Method variability depends on concentration. As concen-
trations decrease, absolute variability decreases, and as the
concentration approaches the detection level, the variability
stabilizes at a level whereby the noise starts to outweigh the
signal. This is illustrated for the variation of the SD with mean
concentration in figure 3 (Mueller and others, 2015). One of
the challenges with the six samples in this study is that they all
had different concentrations. Some analyte results are less than
the detection level; some are more than 40 times the detection
level. Method variability at all concentration ranges had to be
considered to calibrate appropriate expectations.

Three separate approaches were used to calculate
method and concentration-specific allowable ranges of
variation (from the initial day-2 concentrations) for each
observed property. The largest computed range of the
three approaches is used in this study as the criterion to
distinguish between (that is, identify) stable and instable
analytical results. The three approaches are defined in the
next three sections of this report.

120 T T T T T T T T T T

"5~

105 |-

++

100 +

fixed endpoint (pH 4.5) titrimetric

85—

Percent recovery results relative to initial results for
acid-neutralizing capacity as calcium carbonate, unfiltered,

80 | | | | | | | | | |

110 [pmmm===mmmmm s nmmm e e e e e e e e

] e

EXPLANATION

+ Hold-time study sample
. number three

Trendline

-

H

Lower stability limit

10 20 30 40 50 60 70 80 90 100

10 120 130 140 150 160 170 180 190

Duration from sampling event, in days

Figure 2. Percent recovery results for the holding-time study sample 3 for acid-neutralizing capacity as calcium carbonate, water,

unfiltered, fixed endpoint (pH 4.5) by titration.



8 Evaluation of Nutrient, Alkalinity, and Acid-Neutralizing Capacity Stabilities

e
)

Selected boundary between low-range
and high-range concentrations

e
o

AN

o

[=

o
I

o

o

5
I

o o
o o
> =
T I

Standard deviation of replicates, in milligrams per liter

Trendline

o

(=3

S
|

EXPLANATION

Example data

0.01 0.10

1.00 10.00

Mean concentration of replicates, in milligrams per liter

Figure 3. Scatterplot from Mueller and others (2015) showing how standard deviation in results increases with

concentration.

Approach 1: Stability Limits Determined Using
Blank Water

The first approach determined the lowest theoretical
possible variability using data for blanks submitted blind to
the NWQL (blind-blank data) for samples analyzed from
October 2021 through June 2024 (Struzeski, 2025).

As analyte concentrations decrease, the variability of
analyte concentration results decreases until a low-level
concentration is reached at which the variability becomes
constant and remains so as the concentration approaches zero
(Childress and others, 1999). An example of this concept is
illustrated by the vertical line at approximately 0.50 mg/L in
figure 3. By calculating the variability at zero concentration,
the lowest possible range of variation can be established,
predicating a best-case confidence interval in which
differences between analytical results cannot be estimated with
statistical confidence. In this study, the lowest possible range
of variation is also the range within which potential sample
stability or instability cannot be differentiated.

The EPA protocol for calculation of a method detection
limit (MDL) models the lowest achievable variance as follows
(eq. 2; EPA, 2016):

MDL=mean+#,; |_..49*SD 2

where

MDL is based on method blanks,

mean is the mean of the method blank results (zero
was used for all cases as this term helps
adjust for method bias and does not help
predict method variability),

n is the number of results in the dataset,

is the Student’s ¢-value appropriate for the
single-tailed 99th percentile ¢ statistic
and an SD estimate with n—1 degrees of
freedom, and

SD is the standard deviation of the method

blank results.

Lin=1,1-2=0.99)

Using this model, Approach 1 is based on the £1 MDL as
the allowable range of variation (eq. 3), where:

Stability limits=day 2 mean concentration =1 MDL (3)

For this study, the number of results used (n) was greater
than 100 for all parameters.

Approach 2: Stability Limits Determined Using
U.S. Geological Survey Standard Reference
Samples

For Approach 2, limits were determined by calculating
SDs for spiked reagent water and environmental matrices
from USGS standard reference samples (SRSs) for any given
concentration using data collected from the NWQL from
October 2013 through June 2024 (Struzeski, 2025). The data
used for this approach were from before, during, and after the



period of holding-time exceedances to obtain a larger, hence
more robust, dataset for assessment of the method variability
for a wide range of concentrations.

The SD values were determined as follows:

1. A table of SDs for various SRS concentrations was
compiled.

2. SDs were sorted by concentration.

3. The SD values associated with the three SRS
concentrations higher and the three SRS concentrations
lower (n=6) than the day-2 mean concentration were
averaged. When there were not three SRS concentrations
higher and three SRS concentrations lower than the
day-2 mean concentration, the SD values associated
with the five closest SRS concentrations were averaged.
When the day-2 mean concentration was lower than all
available SRS concentrations, the stability limits were
determined using Approach 1, the blind-blank procedure.
When the day-2 mean concentration exceeded all
available SRS concentrations, the SD was determined
using equation 4. The percent relative standard deviation
(%RSD) was determined by making a scatterplot
of %RSD compared to mean concentration, finding
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the region where the %RSD was constant, and then
calculating the %RSD from the raw data within that
region (fig. 4).

SD=%RSDx0.01xday-2 mean concentration 4

where
SD is standard deviation, and
%RSD is percent relative standard deviation.

This stability limit for Approach 2 is based on = 2 SD.
The Approach 2 (based on USGS SRSs) allowable range
of variation was found using equation 5:

Stability limits = day 2 mean concentration +2 SD (5)

This SD-based approach should yield a robust measure
of expected method variability at the mean concentration
determined on day 2, because it includes multiday, multi-
operator and, in some cases, multi-instrument variability.
Thus, this approach is more representative of the conditions
during the entire holding-time study. The total number of
results ranged from 41 to 114 for the six (or in some cases
five) SDs averaged.
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Approach 3: Stability Limits Determined by
Percentage of Mean Concentration

For Approach 3, stability limits were determined by
calculating 10 percent of the mean concentration determined
on day 2. The range of variability calculated by this approach
is simply £10 percent of the mean concentration determined
on the second day after sample collection (day 2; eq. 6):

X

10 percent

= X %0.1 (6)

where
X  is mean concentration (day 2).

The Approach 3 (based on 10 percent) stability limits
were found using equation 7:

Stability limits = day 2 mean concentration £X ,ecen (7)

Once the range of variability was calculated for an
observed property for a given sample using the three different
approaches, the largest range of the three approaches was
selected and applied to the mean sample concentration
determined on day 2 (table 5). Ultimately, the ranges
calculated using the variability in SRS results at different
concentrations (Approach 2) were not used as they were
never found to be the largest of the three approaches
examined. This means that degradation could have been
detected at levels within 10 percent, but instability was not
indicated because the more generous limits of £10 percent
were imposed.

Using the more generous limits of +10 percent to
indicate instability could have noteworthy consequences for
data users with data-quality objectives more stringent than
+10 percent. For example, data from samples with minor
levels of degradation yet that are indicated as stable (within
stability limits of +10 percent) could still be used, but they
might underrepresent daily constituent loads for a stream.
Comparing the computed loads to permitted total maximum
daily load criteria could result in a false determination of
compliance if the sample concentration decreased by as
much as 10 percent, but not if the concentration decreased
by only 5 percent. Data-quality objectives of a project are
critical to the proper use and qualification of the data from
all samples considered to be stable. Overall, limits based on
blanks (Approach 1) were used in 49 percent of the stability
test cases, and limits based on +£10 percent (Approach 3)
were used in 51 percent of the stability test cases.

Interpretation of Analytical Results

A summary of field measurements and information
on conditions at each sampling site for each set of samples
used in the HTS are shown in table 6. The data in table 6 are
intended to characterize the general status of the samples at the
time of collection. Time series data for each set of triplicate
results obtained for each sample are shown in appendix 1,
figure 1.1 and 1.2. All the data shown in appendix 1, figure 1.1
and 1.2, are available in the data release that accompanies this
report (Struzeski, 2025).

For the 12 observed properties studied, the goal was to
determine how long after sampling would changes in initial
property concentrations be first detected (table 1). Initial
concentrations are represented by the mean concentration of
the triplicates analyzed within 48 hours of sampling, otherwise
referred to as day-2 measurements. Observed properties were
evaluated by reviewing percent recovery results and concen-
tration results through time (app. 1, fig. 1.1 and 1.2). Changes
from initial day-2 concentrations were considered relevant
when differences in subsequently determined mean concentra-
tions were greater than the expected method variability
adjusted for concentration or greater than £10 percent,
whichever was larger. Mean concentrations determined after
day 2 were binned into the following intervals, in days: 2, 14,
30, 60, 90, 120, 150, and 180. Actual days varied within each
bin. Percent recoveries were calculated using equation 8:

Recovery (in percent) = (Laboratory result / mean value of
day-2 triplicates)*100 ®)

The time series charts shown in figure 1.14—H (app. 1)
include parameters and triplicate sample results evaluated
with allowable range-of-variation limits set at the day 2 +10
percent approach. The time series shown in figure 1.24-H
(app. 1) include parameters and triplicate sample results
evaluated using stability limits from method precision based
on the blind-blank data method (Approach 1) described in the
“Approach 1: Stability Limits Determined Using Blank Water
section of this report. Ultimately, limits using the natural
matrix and spiked reagent water data (Approach 2) were not
used to evaluate stability for this study because there were
no cases in which those limits were the largest of the three
approaches investigated.

Mean concentrations for time intervals after day 2 falling
within the selected limits were assigned an “S” (stable). Mean
concentrations falling outside the limits were assigned an
“I” (instable). Note that while the largest of the three limits
calculated was used for this analysis, individual projects
should consider their data quality objectives and use a more
conservative approach when warranted. A summary of S and
I ratings used to determine data usability are listed by initial
mean concentrations in table 7.

tE)
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Table 5. Summary of initial mean concentration, allowable range of variation (stable or instable limits) calculations by three
approaches, and the approach used to determine the stability limits (indicated by *).

[HTS, holding-time study; ID, identification; MDL, method detection limit; mg/L, milligrams per liter; n, number of samples; <, less than or equal to; S/I, stable/
instable; %, plus or minus; SRSs, U.S. Geological Survey standard reference samples; %, percent; RSD, relative standard deviation; CaCOj, calcium carbonate;
fitd, filtered; EP, end point; titr, titrated; lab, analysis done in laboratory; *, approach used to determine the stability limits; NA, not applicable; ANC, acid
neutralization capacity; unfltd, unfiltered; N, nitrogen; blanks, stability limits based on blanks approach; P, phosphorous; —, no data]

% RSD for
Mean Approach S/l limits S/l limits S/l limits approach
HTSID MDL concentration usedto (+) based (+) based (+) based atmean
number (mg/L) (n=3)at<48 set S/ on blanks on SRSs on x10% concentration
hours (mg/L) limits approach approach approach (based on
SRSs)

n (for S/I limit
determination
for the
approach
used)

Observed property

Alkalinity as 1 2.5 269.98 +10% 0.80 12.20 27.00* 23 NA
CaCO,, water,
fitd, fixed EP
(pH 4.5) titr, lab

Alkalinity as 2 2.5 36.87 +10% 0.80 1.48 3.69* 1.9 NA
CaCO,, water,
fitd, fixed EP
(pH 4.5) titr, lab

Alkalinity as 3 2.5 159.16 +10% 0.80 7.19 15.92* 2.3 NA
CaCO;,, water,
fitd, fixed EP
(pH 4.5) titr, lab

Alkalinity as 4 2.5 105.73 +10% 0.80 4.78 10.57* 2.3 NA
CaCO,, water,
fltd, fixed EP
(pH 4.5) titr, lab

Alkalinity as 5 25 1,264.67 +10% 0.80 57.16 126.47* 23 NA
CaCO,, water,
fitd, fixed EP
(pH 4.5) titr, lab

Alkalinity as 6 2.5 24.28 +10% 0.80 1.14 2.43% 2.2 NA
CaCO,, water,
fitd, fixed EP
(pH 4.5) titr, lab

ANC as CaCO;, 1 2.5 270.18 +10% 0.71 11.59 27.02* 2.1 NA
water, unfltd,
fixed EP (pH 4.5)
titr, lab

ANC as CaCO;, 2 2.5 36.95 +10% 0.71 0.92 3.70% 1.2 NA
water, unfltd,
fixed EP (pH 4.5)
titr, lab

ANC as CaCO;, 3 2.5 158.73 +10% 0.71 6.81 15.87* 2.1 NA
water, unfltd,
fixed EP (pH 4.5)
titr, lab

ANC as CaCO;, 4 2.5 105.69 +10% 0.71 4.53 10.57* 2.1 NA
water, unfltd,
fixed EP (pH 4.5)
titr, lab

ANC as CaCO;, 5 2.5 1,273.93 +10% 0.71 54.66 127.40* 2.1 NA
water, unfltd,
fixed EP (pH 4.5)
titr, lab
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Table 5. Summary of initial mean concentration, allowable range of variation (stable or instable limits) calculations by three approaches, and the
approach used to determine the stability limits (indicated by *).—Continued

[HTS, holding-time study; ID, identification; MDL, method detection limit; mg/L, milligrams per liter; n, number of samples; <, less than or equal
to; S/, stable/instable; +, plus or minus; SRSs, U.S. Geological Survey standard reference samples; %, percent; RSD, relative standard deviation;
CaCO;, calcium carbonate; fltd, filtered; EP, end point; titr, titrated; lab, analysis done in laboratory; *, approach used to determine the stability
limits; NA, not applicable; ANC, acid neutralization capacity; unfltd, unfiltered; N, nitrogen; blanks, stability limits based on blanks approach;

P, phosphorous; —, no data]

Mean % RSDfor e /1 imit
concentration Approach S/l limits S/l limits S/l limits approach determination
Observed HTSID MDL used to (+) based (+) based (+) based at mean
(n=3) at . for the
property number (mg/L) set §/1 on blanks on SRSs on +10% concentration
<48 hours - approach
limits approach approach approach (based on
(mg/L) used)
SRSs)
ANC as CaCO;, 6 2.5 24.64 +10% 0.71 0.90 2.46%* 1.7 NA
water, unfltd,
fixed EP (pH 4.5)
titr, lab
Total ammonia as 1 0.02 0.014 Blanks 0.010%* — 0.001 — 128
N, water, fitd
Total ammonia as 2 0.02 0.050 Blanks 0.010%* — 0.005 — 128
N, water, fltd
Total ammonia as 3 0.02 0.016 Blanks 0.010%* — 0.002 — 128
N, water, fitd
Total ammonia as 4 0.02 0.036 Blanks 0.010%* — 0.004 — 128
N, water, fitd
Total ammonia as 5 0.02 0.115 +10% 0.010 0.011 0.012* 4.7 NA
N, water, fitd
Total ammonia as 6 0.02 0.057 Blanks 0.010%* — 0.006 — 128
N, water, fitd
Total ammonia + 1 0.07 0.196 Blanks 0.078* 0.058 0.020 13.2 114

organic nitrogen
as N, water, fltd

Total ammonia + 2 0.07 0.206 Blanks 0.078%* 0.058 0.021 132 114
organic nitrogen
as N, water, fitd

Total ammonia + 3 0.07 0.033 Blanks 0.078* — 0.003 — 114
organic nitrogen
as N, water, fltd

Total ammonia + 4 0.07 0.274 Blanks 0.078* 0.060 0.027 12.7 114
organic nitrogen
as N, water, fltd

Total ammonia + 5 0.07 0.592 Blanks 0.078* 0.055 0.059 4.6 114
organic nitrogen
as N, water, fitd

Total ammonia + 6 0.07 0.160 Blanks 0.078%* 0.052 0.016 16.5 114
organic nitrogen
as N, water, fltd

Total ammonia + 1 0.07 0.431 Blanks 0.101* 0.061 0.043 6.9 118
organic nitrogen
as N, water,
unfltd

Total ammonia + 2 0.07 0.232 Blanks 0.101* 0.056 0.023 12.1 118
organic nitrogen

as N, water,
unfltd
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Table 5. Summary of initial mean concentration, allowable range of variation (stable or instable limits) calculations by three approaches, and the
approach used to determine the stability limits (indicated by *).—Continued

[HTS, holding-time study; ID, identification; MDL, method detection limit; mg/L, milligrams per liter; n, number of samples; <, less than or equal
to; S/, stable/instable; +, plus or minus; SRSs, U.S. Geological Survey standard reference samples; %, percent; RSD, relative standard deviation;
CaCO;, calcium carbonate; fltd, filtered; EP, end point; titr, titrated; lab, analysis done in laboratory; *, approach used to determine the stability
limits; NA, not applicable; ANC, acid neutralization capacity; unfltd, unfiltered; N, nitrogen; blanks, stability limits based on blanks approach;

P, phosphorous; —, no data]

Mean % RSDlor e S/ limit
concentration Approach S/l limits S/l limits S/l limits approach determination
Observed HTSID MDL (n=3) at used to () based (+) based (+) based atmean for the
property number (mg/L) <48 hours set §/1 on blanks on SRSs on +10% concentration approach
- (mg/L) limits approach approach approach (based on used)
SRSs)
Total ammonia + 3 0.07 0.013 Blanks 0.101%* — 0.001 — 118

organic nitrogen
as N, water, unfitd

Total ammonia + 4 0.07 0.363 Blanks 0.101* 0.054 0.036 7.2 118
organic nitrogen
as N, water, unfltd

Total ammonia + 5 0.07 0.726 Blanks 0.101* 0.071 0.073 4.9 118
organic nitrogen
as N, water, unfltd

Total ammonia + 6 0.07 0.368 Blanks 0.101* 0.054 0.037 7.2 118
organic nitrogen
as N, water, unfltd

Nitrite as N, water, 1 0.001 0.0065  Blanks 0.0008* — 0.0007 — 127
fitd

Nitrite as N, water, 2 0.001 0.0035  Blanks 0.0008* — 0.0003 — 127
fitd

Nitrite as N, water, 3 0.001 0.0001  Blanks 0.0008* — 0.00001 — 127
fitd

Nitrite as N, water, 4 0.001 0.0117 +10% 0.0008 — 0.0012* — NA
fitd

Nitrite as N, water, 5 0.001 0.0570 +10% 0.0008 — 0.0057* — NA
fitd

Nitrite as N, water, 6 0.001 0.0143 +10% 0.0008 — 0.0014* — NA
fitd

Nitrate + nitrite as 1 0.01 0.144 +10% 0.009 0.011 0.014%* 3.9 NA
N, water, fitd

Nitrate + nitrite as 2 0.01 0.376 +10% 0.009 0.021 0.038%* 2.8 NA
N, water, fltd

Nitrate + nitrite as 3 0.01 13.650 +10% 0.009 0.819 1.365% 3.0 NA
N, water, fitd

Nitrate + nitrite as 4 0.01 1.918 +10% 0.009 0.115 0.192% 3.0 NA
N, water, fitd

Nitrate + nitrite as 5 0.01 2.508 +10% 0.009 0.150 0.251* 3.0 NA
N, water, fitd

Nitrate + nitrite as 6 0.01 0.653 +10% 0.009 0.039 0.065%* 3.0 NA
N, water, fitd

Total nitrogen as N, 1 0.05 0.376 Blanks 0.042%* 0.036 0.038 4.9 102
water, fltd

Total nitrogen as N, 2 0.05 0.604 +10% 0.042 0.049 0.060* 3.8 NA

water, fitd
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Table 5. Summary of initial mean concentration, allowable range of variation (stable or instable limits) calculations by three approaches, and the
approach used to determine the stability limits (indicated by *).—Continued

[HTS, holding-time study; ID, identification; MDL, method detection limit; mg/L, milligrams per liter; n, number of samples; <, less than or equal
to; S/, stable/instable; +, plus or minus; SRSs, U.S. Geological Survey standard reference samples; %, percent; RSD, relative standard deviation;
CaCO;, calcium carbonate; fltd, filtered; EP, end point; titr, titrated; lab, analysis done in laboratory; *, approach used to determine the stability
limits; NA, not applicable; ANC, acid neutralization capacity; unfltd, unfiltered; N, nitrogen; blanks, stability limits based on blanks approach;

P, phosphorous; —, no data]

Mean %RSDlor o S/ limit
concentration Approach S/l limits S/l limits S/l limits approach determination
Observed HTSID MDL used to () based (+) based (+) based atmean
(n=3) at . for the
property number (mg/L) set §/1 on blanks on SRSs on +10% concentration
<48 hours - approach
limits approach approach approach (based on
(mg/L) SRSs) used)

Total nitrogen as N, 3 0.05 13.987 +10% 0.042 0.846 1.399%* 3.0 NA
water, flitd

Total nitrogen as N, 4 0.05 2.256 +10% 0.042 0.122 0.226* 2.8 NA
water, fitd

Total nitrogen as N, 5 0.05 3.237 +10% 0.042 0.184 0.324%* 2.8 NA
water, fitd

Total nitrogen as N, 6 0.05 0.849 +10% 0.042 0.058 0.085% 3.2 NA
water, fltd

Total nitrogen as N, 1 0.01 0.554 Blanks 0.089* 0.059 0.055 52 105
water, unfltd

Total nitrogen as N, 2 0.01 0.592 Blanks 0.089* 0.061 0.059 5.0 105
water, unfitd

Total nitrogen as N, 3 0.01 14.254 +10% 0.089 0.670 1.425% 2.4 NA
water, unfitd

Total nitrogen as N, 4 0.01 2.353 +10% 0.089 0.127 0.235% 2.8 NA
water, unfltd

Total nitrogen as N, 5 0.01 3.353 +10% 0.089 0.161 0.335% 2.6 NA
water, unfltd

Total nitrogen as N, 6 0.01 1.013 +10% 0.089 0.081 0.101* 4.1 NA
water, unfltd

Orthophosphate as P, 1 0.004 0.1712 +10% 0.0021 0.0108 0.0171* 3.0 NA
water, flitd

Orthophosphate as P, 2 0.004 0.0239 +10% 0.0021 — 0.0024* — NA
water, fltd

Orthophosphate as P, 3 0.004 0.1350 +10% 0.0021 0.0097 0.0135* 3.6 NA
water, fltd

Orthophosphate as P, 4 0.004 0.0838 +10% 0.0021 0.0059 0.0084* 34 NA
water, fltd

Orthophosphate as P, 5 0.004 0.0758 +10% 0.0021 0.0059 0.0076* 34 NA
water, fitd

Orthophosphate as P, 6 0.004 0.0395 +10% 0.0021 — 0.0040* — NA
water, fitd

Phosphorus as P, 1 0.02 0.170 Blanks 0.023* 0.014 0.017 4.0 124
water, fltd

Phosphorus as P, 2 0.02 0.031 Blanks 0.023* — 0.003 — 124
water, fltd

Phosphorus as P, 3 0.02 0.128 Blanks 0.023* 0.014 0.013 5.1 124
water, fltd

Phosphorus as P, 4 002 0.094  Blanks 0.023* 0.016 0.009 8.6 124

water, fitd
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Table 5. Summary of initial mean concentration, allowable range of variation (stable or instable limits) calculations by three approaches, and the
approach used to determine the stability limits (indicated by *).—Continued

[HTS, holding-time study; ID, identification; MDL, method detection limit; mg/L, milligrams per liter; n, number of samples; <, less than or equal
to; S/, stable/instable; +, plus or minus; SRSs, U.S. Geological Survey standard reference samples; %, percent; RSD, relative standard deviation;
CaCO;, calcium carbonate; fltd, filtered; EP, end point; titr, titrated; lab, analysis done in laboratory; *, approach used to determine the stability
limits; NA, not applicable; ANC, acid neutralization capacity; unfltd, unfiltered; N, nitrogen; blanks, stability limits based on blanks approach;

P, phosphorous; —, no data]

Mean % RSDlor e S/ limit
concentration Approach S/l limits S/l limits S/l limits approach determination
Observed HTSID MDL used to () based (+) based (+) based atmean
(n=3) at . for the
property number (mg/L) < set §/1 on blanks on SRSs on +10% concentration
<48 hours - approach
limits approach approach approach (based on
(mg/L) SRSs) used)
Phosphorus as P, 5 0.02 0.058 Blanks 0.023%* — 0.006 — 124
water, fltd
Phosphorus as P, 6 0.02 0.037 Blanks 0.023* — 0.004 — 124
water, fltd
Phosphorus as P, 1 0.02 0.270 Blanks 0.027%* 0.017 0.027 34 119
water, unfltd
Phosphorus as P, 2 0.02 0.042 Blanks 0.027%* — 0.004 — 119
water, unfltd
Phosphorus as P, 3 0.02 0.139 Blanks 0.027* 0.019 0.014 6.7 119
water, unfltd
Phosphorus as P, 4 0.02 0.150 Blanks 0.027%* 0.018 0.015 6.2 119
water, unfitd
Phosphorus as P, 5 0.02 0.119 Blanks 0.027* 0.015 0.012 6.4 119
water, unfitd
Phosphorus as P, 6 0.02 0.114 Blanks 0.027%* 0.016 0.011 7.1 119

water, unfltd

Table 6. Field measurements for samples included in the holding-time study.

[HTS, hold-time study, ID, identification; temp., temperature; °C, degrees Celsius; unfltd, unfiltered; uS/cm, microsiemens per centimeter; mg/L, milligrams per
liter; %, percent; ANC, acid-neutralizing capacity; CaCO,, calcium carbonate; titr, titration; CO,%, carbonate; HCOj', bicarbonate; field, analysis done in field;

fitd, filtered; —, no data; <, less than]

I:;:g: s C:srhco(;l :te Bicarbonate Carbonate Bicarbonate Alkalinity
Specific Dissolved Dissolved pH, water, ¥ 3 as HCO,, as 0,7, as CaCO,,
water, water, as HCO,,
Temp., conductance, oxygen, oxygen unfltd, water, water, fltd, water, fltd,
HTS ID . . unfitd, unfltd, . . water, fitd, . .
water  water, unfltd, water, saturation, field . . . . unfitd, inflection- | . inflection-
number o inflection- inflection- . i R inflection- .
(°C) (uS/cm at 25 unfitd water, (standard oint oint inflection- point oint titr point
°C) (mgl)  unfitd(%)  units) PO ol pointtit,  titr,field P " titr, field
titr, field titr, field field (mg/L) (ma/L) field (mg/L) (ma/L)
(mg/L) (mg/L) g s
1 10.5 773 9.4 84 7.80 269 1 326 1.0 260 215
2 7.2 151 11.6 95 7.33 — — — 0.1 44 36
3 16.6 542 6.4 68 6.90 148 <0.01 180 <0.01 183 150
4 13.3 575 9.6 92 7.41 — — — 0.2 119 98
5 2.7 3,270 11.2 101 8.60 1,250 33.7 1,460 33.6 1,460 1,252
6 7.9 72 12.8 108 7.36 — — — 2.0 28 23
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Table 7. Overall analyte stability classification based on days analyzed after sample collection

[HTS, holding-time study; ID, identification; CaCOj, calcium carbonate; fltd, filtered; EP, end point; titr, titration; lab, analysis done in laboratory; S, stable;
1, instable; ND, no data due to no sample submitted; ANC, acid-neutralizing capacity; unfltd, unfiltered; N, nitrogen; M, missing data from lab; P, phosphorous]

Approximate duration (days) after sample
Observed HTS PP (days) P

collection
property ID number

14 30 60 90 120 150 180
Alkalinity as CaCO,, water, fltd, fixed EP (pH 4.5) titr, lab 1 S S 1 I 1 1 1
Alkalinity as CaCO,, water, fltd, fixed EP (pH 4.5) titr, lab 2 S S S S S S ND
Alkalinity as CaCOj,, water, fltd, fixed EP (pH 4.5) titr, lab 3 S S S S S S S
Alkalinity as CaCO,, water, fltd, fixed EP (pH 4.5) titr, lab 4 S S S I 1 1 1
Alkalinity as CaCO,, water, fltd, fixed EP (pH 4.5) titr, lab 5 S S S S S S S
Alkalinity as CaCO,, water, fltd, fixed EP (pH 4.5) titr, lab 6 S S I S S S I
ANC as CaCO,, water, unfitd, fixed EP (pH 4.5) titr, lab 1 S S S 1 1 1 1
ANC as CaCO,, water, unfltd, fixed EP (pH 4.5) titr, lab 2 S S S S S S ND
ANC as CaCO,, water, unfltd, fixed EP (pH 4.5) titr, lab 3 S S S S S S S
ANC as CaCO,, water, unfitd, fixed EP (pH 4.5) titr, lab 4 S S S 1 I 1 1
ANC as CaCO,, water, unfltd, fixed EP (pH 4.5) titr, lab 5 S S S I S S S
ANC as CaCO,, water, unfltd, fixed EP (pH 4.5) titr, lab 6 S S S I 1 S 1
Total ammonia as N, water, fitd 1 S S S S S I S
Total ammonia as N, water, fitd 2 S S 1 I I I ND
Total ammonia as N, water, fitd 3 S S I I S S 1
Total ammonia as N, water, fitd 4 S S 1 1 I I 1
Total ammonia as N, water, fitd 5 S S S I I I I
Total ammonia as N, water, fitd 6 1 S I I 1 1 1
Total ammonia + organic nitrogen as N, water, fitd 1 S S M S S S S
Total ammonia + organic nitrogen as N, water, fitd 2 S S M S S S ND
Total ammonia + organic nitrogen as N, water, fitd 3 S S M S S S S
Total ammonia + organic nitrogen as N, water, fitd 4 S S M S S S S
Total ammonia + organic nitrogen as N, water, fitd 5 M S S M I S S
Total ammonia + organic nitrogen as N, water, fitd 6 M S S 1 1 S S
Total ammonia + organic nitrogen as N, water, unfltd 1 S S M S S S S
Total ammonia + organic nitrogen as N, water, unfitd 2 S S M S S I ND
Total ammonia + organic nitrogen as N, water, unfltd 3 S S M S S S S
Total ammonia + organic nitrogen as N, water, unfltd 4 S S M S I I S
Total ammonia + organic nitrogen as N, water, unfitd 5 M S S I S S S
Total ammonia + organic nitrogen as N, water, unfltd 6 M S S I S S S
Nitrite as N, water, fltd 1 1 S S S S S 1
Nitrite as N, water, flitd 2 1 S 1 I I I ND
Nitrite as N, water, fltd 3 S S S S S S S
Nitrite as N, water, fltd 4 1 S 1 1 I 1 1
Nitrite as N, water, fitd 5 S S S I I I I
Nitrite as N, water, fltd 6 1 I I I 1 | |
Nitrate + nitrite as N, water, fitd 1 S S S S S S S
Nitrate + nitrite as N, water, fitd 2 S S S I I 1 ND
Nitrate + nitrite as N, water, fltd 3 S S S S S S S
Nitrate + nitrite as N, water, fitd 4 S S S S S S
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Table 7. Overall analyte stability classification based on days analyzed after sample collection.—Continued
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[HTS, holding-time study; ID, identification; CaCOj,, calcium carbonate; fltd, filtered; EP, end point; titr, titration; lab, analysis done in laboratory; S, stable;
1, instable; ND, no data due to no sample submitted; ANC, acid-neutralizing capacity; unfltd, unfiltered; N, nitrogen; M, missing data from lab; P, phosphorous]

Approximate duration (days) after sample

Observed HTS collection
property ID number

14 30 60 0 120 150 180
Nitrate + nitrite as N, water, fitd 5 S S S S S S S
Nitrate + nitrite as N, water, fitd 6 S S S S S I I
Total nitrogen as N, water, fitd 1 S S S S S S 1
Total nitrogen as N, water, fitd 2 S S S S S S ND
Total nitrogen as N, water, fitd 3 S S S S S S S
Total nitrogen as N, water, fitd 4 S S S S S S S
Total nitrogen as N, water, fitd 5 S S S S S S S
Total nitrogen as N, water, fitd 6 S S S S S S S
Total nitrogen as N, water, unfltd 1 S S N S S S S
Total nitrogen as N, water, unfltd 2 S S S S S S ND
Total nitrogen as N, water, unfltd 3 S S S S S S S
Total nitrogen as N, water, unfltd 4 S S S S S S S
Total nitrogen as N, water, unfltd 5 S S S S S S S
Total nitrogen as N, water, unfltd 6 S S 1 S S S S
Orthophosphate as P, water, fitd 1 S S S S S S S
Orthophosphate as P, water, fitd 2 S S S S S S ND
Orthophosphate as P, water, fitd 3 S S S S S S S
Orthophosphate as P, water, fitd 4 S S S S S S S
Orthophosphate as P, water, fitd 5 S S S S S S S
Orthophosphate as P, water, fitd 6 S S S S S S S
Phosphorus as P, water, fitd 1 S I M N S S S
Phosphorus as P, water, fltd 2 S S M S S S ND
Phosphorus as P, water, fitd 3 S 1 M S S S S
Phosphorus as P, water, fltd 4 S I M S S S S
Phosphorus as P, water, fltd 5 M S S S S S S
Phosphorus as P, water, fitd 6 M M S S S S S
Phosphorus as P, water, unfitd 1 S I M S S S S
Phosphorus as P, water, unfitd 2 S S M S S S ND
Phosphorus as P, water, unfitd 3 S 1 M S S S S
Phosphorus as P, water, unfitd 4 S I M S S S S
Phosphorus as P, water, unfitd 5 M S S S S S S
Phosphorus as P, water, unfitd 6 M S S S S S S
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Determination of Observed Property
Stability

Observed property stability was assessed based on
mean triplicate concentrations after day 2 relative to upper
and lower stability limits. Some observed properties, such as
orthophosphate as P, water, filtered, exhibited little change
in concentrations through time (fig. 1.1/), and mean sample
concentration results were between the upper and lower stability
limits for all samples studied. However, the assessment of
stability was more difficult when analyte recoveries started
to show large changes in concentrations through time, such
as changes more than +20 percent of day-2 results for total
ammonia as N, filtered (fig. 5). Therefore, it is important to note
that sample instability is specific to each analyte and sample
matrix combination.

Differences in analytical results among the triplicate
sample bottles for each single-time interval and site could be
due to several sources, which include analytical method bias
and variability, variation in field processing, and within-bottle
reaction kinetics.

Based on the limited number of six sample sources used in
this study, some patterns emerge for the 12 observed properties
studied (table 7). Five observed properties generally indicate
stability (S rating) for as many as 180 days (total nitrogen as N,
both filtered and unfiltered; orthophosphate as P, filtered; and
phosphorus as P, both filtered and unfiltered.) Other observed
properties indicate stability for as many as 180 days for some
matrices but not for others. Finally, some observed properties
indicate stability at 180 days but some instability (I rating)
before that. General determinations of analyte stability are listed
below by observed property.

Alkalinity as CaCOj,, water, filtered, fixed endpoint
(pH 4.5) titrated, lab—For the six HTS samples, the
data generally indicated stability up to the NWQL
method holding time of 30 days. After 30 days,
results for some matrices indicated recoveries outside
the stability limits. For all matrices, Approach 3
(+10 percent) was used as the acceptance criteria in
place of the more conservative limits derived from
method variability. Although this helped reduce the
number of instable ratings, confidence in the stability
of samples analyzed after the 30-day holding time did
not improve. Based on the results of this limited study,
sample stability cannot be presumed after the NWQL
method holding time of 30 days.

ANC as CaCO,, water, unfiltered, fixed endpoint
(pH 4.5) titrated, lab—For the six HTS samples, the
data generally indicated stability for as many as 60 days
after the day of sampling. After 60 days, sample results
for half of the matrices indicated recoveries outside
the lower stability limits. At day 60, two matrices
demonstrated low recovery for one of the triplicate
values, which might indicate a trend of instability

starting prior to day 60 for those samples (fig. 1.1B). For
this reason, sample stability cannot be presumed after
the NWQL method holding time of 30 days.

Total ammonia as N, water, filtered—Data generally
indicated acceptable stability for the NWQL method
holding time of 28 days for most matrices in this study.
Results for one sample indicated slight instability by
day 14. By day 60, results for four of the six sample
matrices indicated obvious instability. Although
some results are flagged as acceptable after day 30,
the relatively low concentration of total ammonia in
the samples relative to the method detection level
(between one-half and three times the detection level
for five of the six samples) makes reliable detection
of instability a challenge. Based on the results and
limitations of this study, sample stability cannot be
presumed after 30 days.

Total ammonia plus organic nitrogen as N, water,
filtered and unfiltered—The instable-rated results for
the six HTS samples are just outside stability limits
except for one matrix that indicated significantly low
recoveries at day 90 (unfiltered) and day 120 (filtered).
These low recoveries are not associated with analytical
run performance based on inspection of the results
for the quality control samples analyzed before and
after the HTS samples (Struzeski, 2025). By day 180
all results for filtered and unfiltered samples received
stable ratings. Blind sample results from the Inorganic
Blind Sample Project managed by the USGS Quality
Systems Branch indicate that the method variability
for these two observed properties is higher than for
any other observed properties considered in this
HTS, making it more difficult to differentiate method
variability from sample instability (Struzeski, 2025).
In addition, the concentration of total ammonia plus
organic N in the samples is low relative to the method
detection level (between one-half and six times the
detection level for five of the six samples). This
information, in conjunction with the fact that nearly
16 percent of the HTS data were missing for these
constituents (many at the crucial day-60 interval),
suggest using caution when considering sample
stability outside of the NWQL method holding time.
Sample stability beyond 30 days cannot be presumed.

Nitrite as N, water, filtered—There is no indication of
stability in HTS samples analyzed after 30 days from
sampling. In fact, most of the matrices indicated an
instable rating by day 14 (within the NWQL method
holding time of 30 days), but by day 30 all but one
matrix indicated stable ratings once again. There are
no indications of analytical bias for day-14 results.
This suggests that some oxidation-reduction reactions
may have occurred between day 2 and day 30. Sample
stability cannot be presumed after the NWQL method
holding time of 30 days.



Nitrate + nitrite as N, water, filtered—Data indicated
acceptable stability for as many as 60 days. After day
60, there appeared to be possible oxidation occurring
in samples 2 and 6 resulting in higher recoveries
compared to the day-2 analyses. Although there
are some instable ratings for this constituent, the
five instable ratings are all within 13 percent of the
mean of the day-2 triplicates. Consideration of how
sample stability aligns with data-quality objectives
is important for determining the utility of the nitrate
plus nitrite as N, filtered data. For example, if a project
evaluated its water-quality data by assigning stability
limits to £13 percent, then the nitrate plus nitrite as N
samples for such a project would be considered stable
for as many as 180 days.

Total nitrogen as N, water, filtered and unfiltered—For
the six HTS samples, data generally indicated stability
for at least 180 days. The two instable ratings indicated
in the study are within 2 percent of the stability limits
and might be due to method bias on that day.
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Orthophosphate as P, water, filtered—For the six HTS
samples, data indicated stability for as many as
180 days. All results were rated stable.

Total phosphorus as P, water, filtered and unfiltered—
For the six HTS samples, data generally indicated
stability for as many as 180 days. The three instable
ratings (indicated for filtered and unfiltered samples)
are from 18 results acquired on a single analytical run
within 24 minutes of each other. Results for the same
time interval that were analyzed about three weeks
later were rated stable. Therefore, the instable ratings
that occurred from data acquired together might
be indicative of an analytical issue rather than a
phosphorus stability issue. About 16 percent of the
results were never acquired, but based on the acquired
results, data generally indicated sample stability for at
least 180 days.
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Figure 5. Scatterplot showing percent recovery results for specific time intervals for total ammonia as nitrogen, water, filtered, with
stability limits based on day-2 results plus or minus 10 percent. Trend lines (method of least squares as determined by Microsoft Excel
365, version 2408 software) are added to aid in visualizing changes from starting recoveries of 100 percent on day 2.
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Correlation Between Matrix and Sample
Stability

Table 8 summarizes general observations regarding
sample stability for selected observed properties in surface-
water and groundwater samples based on the six sample
matrices analyzed within and outside of NWQL method
holding times. The times at which sample results indicate
sample instability vary by observed property and matrix.
Results for a selected matrix may indicate instability early in
the sample lifetime for a given observed property but better
stability than other matrices for a different observed property.
Therefore, it is not possible to give general guidance for
sample stability duration based on matrices alone.

By ranking the percentage of mean results flagged as
stable compared to mean results flagged as instable, general
patterns were observed for the individual matrices (table 9).
Samples 4 and 6 had the highest percentage of mean results
flagged as instable at 29 and 30 percent, respectively, followed
by samples 1 and 2, each indicating 19 percent of the mean
results flagged for instability. Sample 5 had 14 percent of
mean results flagged as instable, and the sole groundwater
matrix had only 6 percent of mean results flagged as instable,
supporting the expectation that groundwater samples are less
biologically active (therefore more stable) than surface-water
samples. No correlations between field measurements of
sample characteristics and the number of results flagged
as instable were observed. Because no correlations were
observed, no suggestions can be made regarding overall
sample stability based on field results.

Biological activity was visually observed in some of the
unfiltered and unpreserved bottles by day 70; however, this
condition was not methodically monitored. Therefore, no
correlations can be drawn pertaining to biological causes of
sample degradation.

Conclusions from this study are based on a limited
number of matrices (six in total; table 3), and that all samples
were collected in the fall, which may not have biological
activity representative of other seasons. Although observations
for some properties indicate sample stability that exceeds the
recognized NWQL method holding times, this may not be the
case for matrices and seasonal characteristics that were not
investigated. By comparison, the USGS Patton and Gilroy
(1999) study, which is considered comprehensive, used more
than double the number of sampling sites (15) but considered
a total duration of only 35 days. Gardolinski and others (2001)
used only four samples for their study, which was repeated in
two seasons, but resulted in no important differences in results
by season. Therefore, the scope of this study is comparable to
previous investigations.
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Table 8. General observations regarding data reliability for selected observed properties in surface-water and groundwater samples
based on six sample matrices analyzed after standard holding-time durations in the U.S. Geological Survey holding-time study,

2023-2024.

[National Water Information System (NWIS) parameter, method, laboratory (lab), holding time, and method codes from National Water Quality Laboratory
(2023). NWQL, National Water Quality Laboratory; CaCO,, calcium carbonate; fitd, filtered; EP, end point; titr, titration; lab, analysis performed in the
laboratory, not at the collection site; ANC, acid-neutralizing capacity; N, nitrogen; unfitd, unfiltered; P, phosphorous]

NWIS NWIS NWOQL method
NWIS L General comment for
Observed property parameter method holding time
lab code observed property
code code (days)

Alkalinity as CaCO,, water, 29801 TT040 2109 30 Evidence suggests samples investigated in this
fltd, fixed EP (pH 4.5) titr, study stable up to 30 days (NWQL-method
lab holding time).

ANC as CaCO,, water, unfltd, 90410 TT040 70 30 Evidence suggests samples investigated in this
fixed EP (pH 4.5) titr, lab study stable up to 30 days (NWQL-method

holding time).

Total ammonia as N, water, fitd 00608 SHCO02 3116 28 Evidence suggests samples investigated in this
study stable up to 30 days (NWQL-method
holding time is 28 days).

Total ammonia + organic 00623 KJ002 1985 30 Evidence suggests samples investigated in this

nitrogen as N, water, fitd study stable up to 30 days (NWQL-method
holding time).

Total ammonia + organic 00625 KJ008 1986 28 Evidence suggests samples investigated in this
nitrogen as N, water, unfltd study stable up to 30 days (NWQL-method

holding time is 28 days).

Nitrite as N, water, fitd 00613 DZ001 3117 30 Evidence suggests sample instability might
occur within 14 days of sampling.

Nitrate + nitrite as N, water, fitd 00631 REDO02 3157 30 Evidence suggests samples investigated in this
study stable for at least 60 days past sampling
date. Minor instability indicated for some
matrices from day 60 through day 180.

Total nitrogen as N, water, fitd 62854 CL063 2754 30 Evidence suggests samples investigated in
this study stable for at least 180 days past
sampling date.

Total nitrogen as N, water, 62855 AKPO1 2756 30 Evidence suggests samples investigated in

unfitd this study stable for at least 180 days past
sampling date.

Orthophosphate as P, water, fitd 00671 PHMO1 3118 30 Evidence suggests samples investigated in
this study stable for at least 180 days past
sampling date.

Phosphorus as P, water, fltd 00666 KJ005 1983 30 Evidence suggests samples investigated in
this study stable for at least 180 days past
sampling date.

Phosphorus as P, water, unfitd 00665 KJ009 1984 30 Evidence suggests samples investigated in

this study stable for at least 180 days past
sampling date.
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Table 9. Summary of sample instabhility ratings by sample matrix.

[HTS, holding-time study; ID, identification; USGS, U.S. Geological Survey; NWIS, National Water Information System; WS, surface water; WG, groundwater]

HTS ID number USGS stream site ID!

NWIS sample medium code

Percentage of mean results found as instable

1 07144100 WS
2 01193050 WS
3 375327097285401 WG
4 11303500 WS
5 09306255 WS
6 14211720 WS

19
19
6
29
14
30

IStream site numbers from U.S. Geological Survey, 2024. Refer to table 2 for stream site names.

Summary

The conclusions of this study are based on the following:

1. Mean values determined from the triplicates analyzed
on day 2 are considered to be the samples’ true
concentrations, and

2. Concentration stability can be adequately assessed by
comparing mean values for triplicates analyzed on day
14 through day 180 against the largest of the stability
limits calculated by three different approaches, those
being (1) plus or minus 10 percent from mean values
determined from the triplicates analyzed on day 2, (2)
acceptable variability based on blank (no concentration
present) results for samples submitted blindly, or (3)
acceptable variability based on spiked reference material
results for samples submitted blindly.

Based on the limited number of six sample sources used
in this study, the general determinations of analyte stability for
each observed property are as follows:

AlKkalinity as calcium carbonate (CaCQO;), water,
filtered, fixed endpoint (pH 4.5) titrated, lab—
Sample stability cannot be presumed after the National
Water Quality Laboratory (NWQL) method holding
time of 30 days.

Acid-neutralizing capacity as CaCO;, water,
unfiltered, fixed endpoint (pH 4.5) titrated, lab—
Sample stability cannot be presumed after the NWQL
method holding time of 30 days.

Total ammonia as nitrogen (N), water, filtered—
Sample stability cannot be presumed after 30 days.

Total ammonia plus organic nitrogen as N, water,
filtered and unfiltered—Sample stability cannot be
presumed after 30 days.

Nitrite as N, water, filtered—Sample stability cannot
be presumed after the NWQL method holding time
of 30 days.

Nitrate + nitrite as N, water, filtered—Data generally
indicated acceptable stability for as many as 60 days.
After day 60, there appeared to be possible oxidation
occurring in samples as compared to the day-2
triplicate analyses. Consideration of how sample
stability aligns with data-quality objectives is
important for determining the utility of the nitrate plus
nitrite as N, filtered data.

Total nitrogen as N, water, filtered and unfiltered—
For the six holding-time study (HTS) samples, data
generally indicated stability for as many as 180 days.

Orthophosphate as phosphorus (P), water, filtered—
For the six HTS samples, data indicated stability for as
many as 180 days.

Total phosphorus as P, water, filtered and unfiltered—
For the six HTS samples, data generally indicated
stability for as many as 180 days.

Sample instability varied by observed property and
matrix. However, it is not possible to give general guidance
for sample stability duration based on matrices alone.

No correlations between field measurements of sample
characteristics and sample instability were observed.

No conclusions can be drawn pertaining to biological

causes of sample degradation. Although observations for
some properties indicate sample stability well beyond

the recognized NWQL method holding times, this is not
necessarily the case for matrices and seasonal characteristics
that were not investigated.

The effect of sample stability on the outcomes of
water-quality studies is linked to study-specific data-quality
objectives. For this report, upper and lower stability limits
were set at plus or minus 10 percent percent for Approach 3.
Water-quality studies with more flexible data-quality require-
ments could use a wider stability interval.
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Appendix 1. Time Series Charts Showing Sample Stability Through Time

Time series charts showing percent recovery results relative to upper and lower stability limits for each set of triplicate
results obtained for select samples are shown in figure 1.14—H. Time series charts showing concentration results relative to
upper and lower stability limits for each set of triplicate results obtained for select samples are shown in figure 1.24—H.
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Figure 1.1. Scatterplots showing percent recovery results for specific time intervals and observed properties with stability limits based
on day-2 results plus or minus 10 percent: A, alkalinity as calcium carbonate, filtered, fixed endpoint (pH 4.5) titrimetric, laboratory;

B, acid-neutralizing capacity as calcium carbonate, unfiltered, fixed endpoint (pH 4.5) titrimetric, laboratory; C, total ammonia as
nitrogen, filtered; D, nitrite as nitrogen, filtered; £, nitrate + nitrite as nitrogen, filtered; F, total nitrogen as nitrogen, filtered; G, total
nitrogen as nitrogen, unfiltered; H, orthophosphate as phosphorus, filtered. Trend lines (method of least squares as determined by
Microsoft Excel 365, version 2408 software) are added to aid in visualizing changes from starting recoveries of 100 percent on day 2.
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Concentration results for total ammonia as nitrogen, filtered, in milligrams per liter (mg/L)
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Figure 1.2. Scatterplots showing concentration results for specific time intervals and observed properties with stability limits based
on method precision: A7-5, total ammonia as nitrogen, filtered; B7-6, total ammonia + organic nitrogen as nitrogen, filtered; C7-6, total
ammonia + organic nitrogen as nitrogen, unfiltered; D7-3, nitrite as nitrogen, filtered; E, total nitrogen as nitrogen, filtered; F1-2, total
nitrogen as nitrogen, unfiltered; G7-6, phosphorus as phosphorus, filtered; H1-6, phosphorus as phosphorus, unfiltered. Trend lines
(method of least squares as determined by Microsoft Excel 365, version 2408 software) indicate general trends.
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Concentration results for total ammonia + organic nitrogen as nitrogen, unfiltered, in milligrams per liter (mg/L)
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Appendix 1. Time Series Charts Showing Sample Stability Through Time
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Concentration results for phosphorus as phosphorus, filtered, in milligrams per liter (mg/L)
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G1. Hold-time study sample one
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Concentration results for phosphorus as phosphorus, unfiltered, in milligrams per liter (mg/L)
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