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Abstract: Maintaining nitrate-N and orthophosphate (dissolved reactive phosphorus) concentrations
in a water sample over time is critical for water quality research. This study investigated the
ability of current preservation methods to maintain nitrate-N and orthophosphate concentrations
in environmental water samples over a period of up to 14 days. The United States Environmental
Protection Agency (US EPA) currently recommends adding sulfuric acid for nitrate-N and filtering the
water sample at the time of collection for orthophosphate. This study compared these recommended
methods to baseline control concentrations in subsurface tile drainage water, pond water, and stream
water. In addition, sodium omadine was tested as a potential alternative preservative. Across the
three sources of water tested, sulfuric acid was the most reliable preservation method for both
nitrate-N and orthophosphate, with percent changes from the baseline concentrations on Day 14
ranging from 2.30–3.27% for nitrate-N and 1.94–8.48% for orthophosphate. The control samples
also maintained the baseline concentrations quite well, with percent changes on Day 14 ranging
from 0.09–6.68% for nitrate-N and 2.63–11.87% for orthophosphate. When sodium omadine was
added to the water samples, the nitrate-N concentrations had percent changes of 0.13–6.10% from the
baseline concentration on Day 14. In contrast, sodium omadine was less effective for maintaining
orthophosphate concentrations, with percent changes of 8.86–13.06% from the baseline concentration
on Day 14. However, there were no significantly different orthophosphate concentrations when
sodium omadine was added to stream water, showing a promising alternative for this scenario.
Depending on the objective, researchers may need to consider the source water and length of storage
of water samples to determine what, if any, preservative is necessary.

Keywords: preservation; tile drainage water; pond water; stream water; field samples; sulfuric acid;
sodium omadine

1. Introduction

Water quality monitoring at remote field sites often entails the collection of water samples
using automated water samplers and periodic retrieval of the water samples for laboratory analysis.
Therefore, one of the most important issues for researchers dealing with water monitoring is
how to preserve water samples while stored in the automated water sampler while awaiting
retrieval. Water quality parameters that have the potential to change over time include nitrate-N and
orthophosphate. The United States Environmental Protection Agency (US EPA) suggests methods
to help obtain an accurate reading of concentrations in water samples. This includes preserving the
sample immediately after on-site collection by placing samples in cool temperatures, adding chemical
solutions, or altering the pH of the sample [1]. The US EPA recommended methods for preserving
water samples for nitrate-N and orthophosphate are listed in Table 1.
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Table 1. United States Environmental Protection Agency (US EPA) water sample preservation methods [1].

Water Quality Indicator Preservation Method Maximum Holding Time

Nitrate-N Cool 4 ◦C 48 h
Nitrite + Nitrate-N Cool 4 ◦C, H2SO4 (pH below 2) 28 days

Orthophosphate Filter on-site, cool 4 ◦C 48 h

These preservation methods slow factors that can lead to changes in water quality concentrations.
By limiting biological activity, chemical hydrolysis, and absorption effects [1], there can be a longer time
delay between collecting the sample and analyzing it. Several chemical and physical interferences have
been used as potential preservation methods. The most traditional forms include chemical addition,
pH control, freezing, and refrigerating the sample [1]. For example, chloroform has been explored as a
preservation but produced erratic results for both nitrate-N and orthophosphate, with large increases
in concentrations occurring between eight and 16 days after preservation was initiated [2,3].

One of the main challenges with preservation methods is length of time when the sample is
stabilized, or preserved. There is often only a short period of time before concentrations within the
sample begin to change. For example, in a study where water samples were not filtered immediately
after collection (10-day delay) and then stored in refrigerated conditions for 107 days, both nitrate-N
and orthophosphate showed significant increases, by as much as a 3.7-fold increase for nitrate-N and a
1.8-fold increase for orthophosphate [4].

In other studies [5,6], it was determined that, while methods such as those listed in Table 1 can be
effective for one target parameter, it is difficult, if not impossible, to find a method that is effective for
preserving multiple parameters. The variability in concentrations within a water sample over time can
be caused by factors like location, chemical make-up of the water, and the microbiology of the water.
As a result, the ultimate problem with a universal preservation method is there are too many variables
that can influence changes. These variables lead to difficulty in finding a perfect preservation method
that holds all water quality levels constant [7]. The US EPA; therefore, recommends preservation
methods for different parameters to make testing as reliable as possible. However, even with these
techniques, there is still a possibility of fluctuating measurements.

Some studies have tested current preservation methods, like freezing, acidification by sulfuric
acid, refrigeration, and regular storage-affected nitrogen and phosphorus levels, and then compared
the abilities of these methods to maintain concentrations [8–15]. A study using tile drainage water,
river water, and surface runoff water in Indiana found that freezing at subzero temperatures was the
best overall method for preserving water samples for orthophosphate and nitrogen (nitrate-N and
ammonium) [8]. However, filtering of the water sample may be needed if the sample contains high
levels of sediment. In contrast, a study found that while refrigeration and filtration were necessary,
acidification was the most effective preservation method for nitrate-N [9]. Sulfuric acid can serve
as a sufficient preservative for maintaining nitrate-N and total N concentrations for up to seven
days [10], but may be unsuitable for samples containing high concentrations of nitrite because sulfuric
acid can cause the chemical conversion to nitrate [11]. Furthermore, a study in California, USA,
found that long-term freezing can serve as a viable method, as it did not have a significant effect on
concentration [12]. A study looking at samples from Lake Ontario found that storage at 4 ◦C produced
variable results, with orthophosphate concentrations decreasing by as much as 13% and nitrate-N by
as much as 7% after eight days [13]. In contrast, a study in New York found that soil water samples
maintained stable nitrate-N concentrations for at least one week, with only slight changes after three to
16 weeks of storage at 4 ◦C [14]. A study by Maher et al. [15] looked at using slow freezing in addition
to chemicals. This study determined that, while room temperature storage can be used for a short
period of time, there needs to be an additional preservation method.

Sodium omadine is traditionally used as a preservative or additive in manufacturing materials
and process fluids. In 1968, the chemical was registered originally as a biocide to reduce the growth
of bacteria and fungi in various industrial products. Today, these products include lubricants, latex
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products, and various cleaners. It has not been used as a preservative for water-based chemicals, or for
water concentrations [16]. Since there has been no study focusing on sodium omadine in preserving
nitrate-N and orthophosphate levels in water samples, this will be the first study to determine the
impacts this chemical has.

This research is significant because it (1) compares existing recommended preservation methods
for water samples containing both nitrate-N and orthophosphate, and (2) looks at a new preservation
option that has not been previously used for this purpose. This study mimics water monitoring that
includes collecting samples from a field site, using an automated water sampler and retrieving the
samples up to 14 days after initial collection.

The objective of this study is to determine the impact of three different preservation methods on
nitrate-N and orthophosphate concentrations: (1) Filtration, as it is the US EPA recommended method
for preserving water samples for orthophosphate; (2) addition of sulfuric acid to the water sample,
as this is the US EPA recommended method for preserving water samples for nitrate-N; and (3) addition
of sodium omadine to the water sample, as a possible alternative to currently recommended methods.

2. Materials and Methods

Since water types vary by source and location, three different source waters were collected and
used in this study: (1) Tile water from an agricultural production field in Crawford County, IL, USA;
(2) pond water collected from a retention basin on near the intersection of Windsor Road and First
Street in Champaign, IL, USA; and (3) stream water from the Embarras River just south of Urbana, IL,
USA. A five-gallon bucket was used to collect water from each location. The source water samples
were refrigerated upon collection.

Additional measurements were taken to determine the pH, turbidity, and conductivity of each
source water. To test the pH of the water samples, an Oakton pH/mV/◦C/◦F meter (Oakton
Instruments, Vernon Hills, IL, USA) was used after standard calibration was completed using pH
standards. For turbidity testing, the Hach DR 900 colorimeter (Hach, Loveland, CO, USA) was
used. To measure turbidity, 10 mL of the sample was transferred to a smaller vile where it was then
shaken and placed into the colorimeter. Conductivity was measured using the Hach Pocket Pro Tester
(Hach, Loveland, CO, USA). The device was calibrated using the Singlet Conductivity Solution, which
consisted of KCI 12.88 mS/cm Standard Solution at 25 ◦C.

To ensure detectable concentrations of nitrate-N and orthophosphate, all source water was spiked
with 10 ppm nitrate-N and 1 ppm orthophosphate. A 100 mL volume of the spiked source water was
distributed into a 125 mL Nalgene bottle, labelled with corresponding names for the source water,
time-period to be tested, and which preservation method was used.

After the source water was distributed into the bottles, the respective preservation method was
applied to each sample. The control for each water source received no preservation. The samples
receiving sulfuric acid received 0.2 mL of sulfuric acid in each 100 mL sample. The samples receiving
sodium omadine received 0.25 mL of sodium omadine in each 100 mL sample. The bottles were
capped and distributed into three automated water samplers, separated based on water source, in the
shaded area adjacent to the Agricultural Engineering and Sciences Building at the University of Illinois
at Urbana-Champaign (Figure 1), to mimic outdoor field conditions without refrigeration. Nitrate-N
and orthophosphate concentrations were measured on the following time points: Day 0 (when the
respective preservation method was applied to the samples), Day 0.5, Day 1, Day 2, Day 5, Day 7, and
Day 14 after preservation, resulting in seven time points. Each sample was prepared and analyzed
in triplicate.

At each time point, the corresponding samples were taken from the autosamplers into the lab.
The control samples as well as those receiving sulfuric acid and sodium omadine were immediately
placed in the freezer. The filtered samples from each water source were filtered by pouring the water
sample through a 0.45 µm filter on top of an Erlenmeyer flask (Figure 2). A vacuum was used to
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expedite the filtration process. Upon completion of filtration, samples were placed in the freezer. At the
completion of the 14 days, all samples were thawed and analyzed for nitrate-N and orthophosphate.Appl. Sci. 2019, 8, x FOR PEER REVIEW  4 of 14 
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Figure 2. Filtering set up.

2.1. Nutrient Analyses

Nutrient analyses were completed by the Water Quality Laboratory in the Department of
Agricultural and Biological Engineering at the University of Illinois, Urbana-Champaign, USA.
The acidity of each sample was first tested and adjusted accordingly. This type of adjustment was only
performed on the sulfuric acid preservation samples. Samples were then analyzed for nitrate-N using
the automated hydrazine reduction method (Standard Methods 4500-NO3-H, National Environmental
Methods Index) and for orthophosphate using the ascorbic acid reduction method (Standard Methods
4500-P-F, National Environmental Methods Index). Spiked samples, duplicate samples, and standard
solutions were incorporated into nutrient analyses for quality control.
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2.2. Statistical Analysis

Differences between the treatments were analyzed for significance using a one-way analysis of
variance (ANOVA) with post-hoc Tukey honestly significant difference (HSD) for comparing multiple
treatments. When sample sizes were unequal, the Tukey–Kramer method was used.

3. Results and Discussion

3.1. Source Water Characterization

The three source waters were chosen to represent a range of types of water in the Midwestern US.
The pH, conductivity, and turbidity of each source water were measured and are shown in Table 2.

Table 2. Water source characterization for each water source.

Parameter Tile Water Pond Water Stream Water

pH 7.72 8.36 8.23
Conductivity (mS/cm) 0.42 0.75 0.46

Turbidity (FAU) 4 13 3

The pH of the pond water was approximately 8% higher than the tile water and approximately
1.5% higher than the stream water. The pond water had a 78% and 63% higher conductivity than tile or
stream water, respectively. The pond water had the highest turbidity, 3.25 times and 4.3 times greater
than tile and stream water, respectively.

3.2. Nutrient Concentrations from Preserved Samples

Nitrate-N and orthophosphate analyses were completed for seven time points ranging from time
zero to 14 days.

3.2.1. Nitrate-N Results

The nitrate-N concentrations are presented along with the percent change from the baseline
concentration in Table 3. The baseline concentration is the concentration of the spiked source water,
receiving no preservation, at time zero. The high and low daily temperatures are also presented for
each of the time points collected. Nitrate-N concentrations are graphically presented in Figure 3, with
error bars to represent the standard deviation from the mean of the three samples at each time point
and for the respective preservation method.
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Figure 3. Comparison of the impact of the four preservation methods on nitrate-N concentrations for
Day 0–14. Error bars represent +/− one standard deviation from the mean. Note the y-axis values are
not the same for each water source for visual clarity. (a) Tile water; (b) Stream water; (c) Pond water.

The high and low daily temperatures remained quite consistent throughout this study. The control
treatment for tile water, which received no preservation, maintained the nitrate-N concentration quite
well for the 14-day period. At the end of the study period, nitrate-N showed only a very slight increase
(0.09%) in concentration. However, there was a greater variation throughout the 14 days. Nitrate-N
concentrations tended to decrease, by as much as 6.07% on Day 5, showing that some heterogeneity
in individual samples existed and denitrification could have impacted the stability of the samples,
as microbial activity was not inhibited. The control treatment for pond water was also quite stable,
showing a 2.27% increase in nitrate-N concentration at the end of the 14-day period, with only slight
variations (0.06–1.44%) throughout the period. Stream water showed the highest change in nitrate-N
concentration for the control treatment, increasing by 6.68% at the end of the 14-day study period.
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Table 3. Daily high and low temperature that water samples were exposed to, as well as the nitrate-N
concentrations and % change from the baseline concentration. The baseline concentration is the Day 0
Control for each water source.

DAY

0 0.5 1 2 5 7 14

High Temperature (◦F) 82 82 83 85 86 86 83
Low Temperature (◦F) 57 57 60 60 68 65 61
Average Temperature (◦F) 70 70 72 73 77 76 72

TILE
WATER

Control (no preservation)
NO3-N (mg/L) 14.959 15.026 14.891 14.541 14.051 14.350 14.972
% change from baseline 0.00% 0.45% 0.45% −2.79% −6.07% −4.07% 0.09%

Filtered
NO3-N (mg/L) 14.715 14.554 14.880 15.148 14.502 14.180 13.841
% change from baseline −1.63% −2.71% −0.53% 1.26% −3.06% −5.21% −7.47%

Sulfuric Acid
NO3-N (mg/L) 14.974 15.114 15.722 15.615 15.844 15.221 14.584
% change from baseline 0.10% 1.04% 5.10% 4.39% 5.92% 1.75% -2.51%

Sodium Omadine
NO3-N (mg/L) 14.458 14.120 14.795 13.893 14.292 13.944 14.046
% change from baseline −3.35% −5.61% −1.10% −7.13% −4.46% −6.79% −6.10%

POND
WATER

Control (no preservation)
NO3-N (mg/L) 10.574 10.534 10.614 10.568 10.561 10.422 10.814
% change from baseline 0.00% −0.38% 0.38% −0.06% −0.12% −1.44% 2.27%

Filtered
NO3-N (mg/L) 10.375 10.603 10.147 10.517 9.946 10.146 10.078
% change from baseline −1.88% 0.27% −4.04% −0.54% −5.94% −4.05% −4.69%

Sulfuric Acid
NO3-N (mg/L) 11.191 10.398 10.671 10.980 10.282 11.231 10.228
% change from baseline 5.84% −1.66% 0.92% 3.84% −2.76% 6.21% −3.27%

Sodium Omadine
NO3-N (mg/L) 9.863 9.638 10.088 10.233 9.997 9.892 10.228
% change from baseline −6.72% −8.85% −4.60% −3.22% −5.46% −6.45% −3.27%

STREAM
WATER

Control (no preservation)
NO3-N (mg/L) 12.567 12.432 12.701 13.601 12.259 12.378 13.407
% change from baseline 0.00% −1.07% 1.07% 8.23% −2.45% −1.50% 6.68%

Filtered
NO3-N (mg/L) 12.240 12.562 11.918 12.579 11.868 12.408 12.866
% change from baseline −2.60% −0.04% −5.16% 0.10% −5.56% −1.27% 2.38%

Sulfuric Acid
NO3-N (mg/L) 13.248 12.163 13.814 12.112 12.701 11.781 12.856
% change from baseline 5.42% −3.21% 9.92% −3.62% 1.07% −6.25% 2.30%

Sodium Omadine
NO3-N (mg/L) 11.934 11.986 11.881 11.783 11.786 11.803 12.583
% change from baseline −5.04% −4.62% −5.46% −6.24% −6.21% −6.08% 0.13%

The filtered treatment for the tile water showed the largest Day 14 change (7.47% decrease) of
any preservation method and water source tested in this study. Since the concentrations all decreased
relative to the baseline, except for Day 2, it is possible that denitrification was occurring, as the sample
was non-preserved up until the time of collection, at which time it was filtered. The filtered pond water
showed a similar trend as the tile water. All nitrate-N concentrations decreased, with the exception
of Day 0.5. In the case of the pond water, processes like adsorption to particulate matter may have
caused variation in addition to denitrification, since the pond water had the highest conductivity and
turbidity of the three source waters tested in this study. The filtered stream water held the baseline
concentrations the best of the three source waters, with a 2.38% increase in nitrate-N concentration
on Day 14. All time points, except Day 2 and Day 14, showed a decrease in concentration for the
stream water. The tendency of concentrations to decrease with the filtration method is in contrast to
other studies, where nitrate-N concentrations increased by as much as 3.7-fold when samples went
unfiltered for 10 days [4].

The sulfuric acid preservation method is intended to eliminate microbial activity and lower the pH
to less than two. Therefore, processes like denitrification or immobilization should not have impacted
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nitrate-N concentrations for this method. With the exception of Day 14, the tile water concentrations
all increased. This increase could be due to organic and particulate matter being broken into soluble
forms of nitrogen from the sulfuric acid. Additional soluble nitrogen, in the form of nitrate-N, would
then cause an increase in concentration, but would not be represented in the initial concentration of
nitrate-N at Day 0. The concentrations for both pond and stream water were variable, increasing by as
much as 9.92% on Day 1 for stream water and decreasing by as much as 6.25% on Day 7 for stream
water. Overall, the findings in this study are in agreement with other studies that found sulfuric acid
to be a sufficient preservative for nitrate-N for up to seven days [10]. However, this study indicates
suitability of sulfuric acid to preserve samples for up to 14 days.

Sodium omadine is a salt that had not been previously studied for preservation of nitrate-N in
water samples. Day 0 showed decreases in nitrate-N concentrations, ranging from 3.35% for tile water
to 6.72% for pond water. This immediate decrease in concentrations shows an instant reaction in the
water sample that is impacting the stability of nitrate-N. Every time point for all three source waters
showed a decrease in nitrate-N for the sodium omadine preservation method, with the exception of
Day 14 for stream water, which showed a slight increase of 0.13%. Table 4 compares the nitrate-N
concentrations over time and presents significant differences (p < 0.05) between the concentration on
each day and the baseline concentration.

Table 4. Significant differences between methods for nitrate-N measurement were calculated using
Tukey honestly significant difference (HSD) method and the p-values are presented for each treatment
comparison and day. Significant differences (p < 0.05) are highlighted in yellow for convenience.

Tile Water

Treatment 1 Treatment 2
Day

0 0.5 1 2 5 7 14

Baseline Control 0.900 0.900 0.900 0.875 0.428 0.132 0.900
Baseline Filtered 0.900 0.563 0.900 0.900 0.430 0.044 0.667
Baseline Sulfuric Acid 0.900 0.900 0.055 0.604 0.900 0.754 0.900
Baseline Sodium Omadine 0.795 0.060 0.900 0.205 0.140 0.019 0.849

Pond Water

Treatment 1 Treatment 2
Day

0 0.5 1 2 5 7 14

Baseline Control 0.900 0.900 0.900 0.900 0.900 0.736 0.900
Baseline Filtered 0.900 0.900 0.627 0.900 0.115 0.046 0.518
Baseline Sulfuric Acid 0.448 0.857 0.900 0.728 0.692 0.003 0.770
Baseline Sodium Omadine 0.422 0.003 0.526 0.826 0.161 0.002 0.770

Stream Water

Treatment 1 Treatment 2
Day

0 0.5 1 2 5 7 14

Baseline Control 0.900 0.900 0.900 0.152 0.499 0.900 0.345
Baseline Filtered 0.775 0.900 0.273 0.900 0.055 0.900 0.900
Baseline Sulfuric Acid 0.169 0.501 0.014 0.770 0.900 0.690 0.900
Baseline Sodium Omadine 0.291 0.200 0.231 0.358 0.032 0.708 0.900

It is noteworthy that the control samples were not significantly different from the baseline
concentration for any of the source waters or time points tested. Meanwhile, there were significant
differences between the three preservation methods and the baseline concentration. For the sulfuric
acid preservation method, there was a significant difference for the pond water on Day 7 (p = 0.003)
and for the stream water on Day 1 (p = 0.014). The filtered samples were significantly different from the
baseline concentration on Day 7 of the tile water (p = 0.044) and pond water (p = 0.046). The samples
containing sodium omadine were significantly different from the baseline concentration on Day 7 of
the tile water (p = 0.019), Days 0.5 and 7 of the pond water (p = 0.003 and 0.002, respectively), and Day 5
of the stream water (p = 0.032). The addition of sulfuric acid is the US EPA recommended preservation
method for nitrate-N. There was no significant difference from the baseline concentration for tile water,
and only one instance each of when it was different for the pond and stream water. Therefore, sulfuric
acid proved to be a reasonably good preservation method for nitrate-N over a period of 14 days. While
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the addition of sodium omadine showed some ability to maintain nitrate-N concentrations, it did not
perform as well as the addition of sulfuric acid or the control.

3.2.2. Orthophosphate Results

The orthophosphate concentrations are presented along with the percent change from the baseline
concentration in Table 5. Again, the baseline concentration is the concentration of the spiked source
water at time zero. The high and low daily temperatures are also presented for each of the time
points collected. Orthophosphate concentrations are graphically presented in Figure 4, with error
bars to represent the standard deviation of the three samples at each time point and for the respective
preservation method.

Table 5. Daily high and low temperature that water samples were exposed to, as well as the
orthophosphate concentrations and % change from the baseline concentration. The baseline
concentration is the Day 0 Control for each water source.

DAY

0 0.5 1 2 5 7 14

High Temperature (◦F) 82 82 83 85 86 86 83
Low Temperature (◦F) 57 57 60 60 68 65 61
Average Temperature (◦F) 70 70 72 73 77 76 72

TILE
WATER

Control (no preservation)
PO4

3− (mg/L) 1.033 0.972 1.009 1.003 0.973 0.976 0.999
% change from baseline 0.00% −5.91% −2.32% −2.90% −5.81% −5.52% −3.29%

Filtered
PO4

3− (mg/L) 0.978 0.960 0.995 0.964 0.980 0.934 0.875
% change from baseline −5.32% −7.07% −3.68% −6.68% −5.13% −9.58% −15.30%

Sulfuric Acid
PO4

3− (mg/L) 1.015 0.993 1.024 0.854 0.998 1.024 1.013
% change from baseline −1.74% −3.87% −0.87% −17.33% −3.39% −0.87% −1.94%

Sodium Omadine
PO4

3− (mg/L) 0.965 0.942 0.987 1.037 0.970 1.063 1.148
% change from baseline −6.58% −8.81% −4.45% 0.39% −6.10% 2.90% 11.13%

POND
WATER

Control (no preservation)
PO4

3− (mg/L) 1.026 0.938 0.967 0.962 0.936 0.966 0.999
% change from baseline 0.00% −8.58% −5.75% −6.24% −8.77% −5.85% −2.63%

Filtered
PO4

3− (mg/L) 0.888 0.850 0.906 0.875 0.816 0.863 0.923
% change from baseline −13.45% −17.15% −11.70% −14.72% −20.47% −15.89% −10.04%

Sulfuric Acid
PO4

3− (mg/L) 1.082 1.041 1.090 1.069 1.090 0.950 1.113
% change from baseline 5.46% 1.46% 6.24% 4.19% 6.24% −7.41% 8.48%

Sodium Omadine
PO4

3− (mg/L) 0.956 0.864 0.917 0.838 0.875 0.891 0.892
% change from baseline −6.82% −15.79% −10.62% −18.32% −14.72% −13.16% −13.06%

STREAM
WATER

Control (no preservation)
PO4

3− (mg/L) 1.095 1.056 1.067 1.135 1.028 1.043 0.965
% change from baseline 0.00% −3.56% −2.56% 3.65% −6.12% −4.75% −11.87%

Filtered
PO4

3− (mg/L) 1.001 0.987 1.014 1.032 1.014 0.965 0.991
% change from baseline −8.58% −9.86% −7.40% −5.75% −7.40% −11.87% −9.50%

Sulfuric Acid
PO4

3− (mg/L) 1.059 1.009 1.056 0.975 0.951 0.987 1.069
% change from baseline −3.29% −7.85% −3.56% −10.96% −13.15% −9.86% −2.37%

Sodium Omadine
PO4

3− (mg/L) 1.134 1.040 1.103 0.971 1.076 1.019 0.998
% change from baseline 3.56% −5.02% 0.73% −11.32% −1.74% −6.94% −8.86%
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Figure 4. Comparison of the impact of the four preservation methods on orthophosphate concentration
for Day 0–14. Error bars represent +/− one standard deviation from the mean. (a) Tile water; (b) Stream
water; (c) Pond water.
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For orthophosphate, the baseline concentration was approximately 1 ppm. Therefore, the slightest
variation in concentration resulted in a large percent difference from the baseline. It is important to
consider this when determining what is an acceptable change in concentration for a given research
study objective.

The control treatment maintained relatively constant orthophosphate concentrations for all three
source waters. Stream water showed a large decrease (11.87%) on Day 14, but much smaller variations
(2.56–6.12%) leading up to Day 14.

The filtered treatment showed decreases in orthophosphate concentrations for every time point
and large variations between source waters on Day 14, ranging from a 9.50% decrease for stream
water to a 15.30% decrease for tile water. Processes like adsorption and immobilization may have
converted some portion of the orthophosphate into particulate forms, which would have been removed
by the filtering process and caused a decrease in concentrations. Similar to the nitrate-N findings,
the consistent decrease in orthophosphate concentrations is in contrast to other findings where
orthophosphate concentrations increased by as much as 1.8-fold when samples were left unfiltered for
10-days [4].

As discussed previously, the sulfuric acid preservation method is intended to eliminate microbial
activity. Therefore, processes like mineralization or immobilization should not have impacted
orthophosphate concentrations for this method. While the sulfuric acid treatment had large variations
in orthophosphate concentrations throughout the 14 days of study, it performed quite well on Day 14
for both tile water (1.94% decrease) and stream water (2.37% decrease). The decreasing concentrations
for the sulfuric acid method are in contrast to the findings from Fishman et al. [3], who found
that orthophosphate concentrations increased by as much as 68% when sulfuric acid was used as
a preservative. Pond water showed an 8.48% increase, which is a greater change from the baseline
concentration than the control, but a smaller change than the filtering or sodium omadine treatments.

Similar to the nitrate-N results, orthophosphate showed an initial reaction with the sodium
omadine, with tile water and pond water decreasing by 6.58% and 6.82%, respectively. Stream water
showed a Day 0 increase in orthophosphate concentration of 3.56%. By Day 14, the sodium omadine
treatment concentrations had increased by 11.13% for the tile water and decreased by 8.86% and 13.06%
for the stream water and pond water, respectively. Table 6 compares the orthophosphate concentrations
over time and presents significant differences (p < 0.05) between the concentration on each day and the
baseline concentration.

The orthophosphate concentrations were only different from the baseline on Day 5 of the tile
water (p = 0.028) and Day 2 of the pond water (p = 0.022) for the Control. When filtering of the samples
occurred, the orthophosphate concentrations were different for eight different time points across the
three source waters. The addition of sulfuric acid only produced a concentration that was significantly
different from the baseline concentration on Day 0.5 of the stream water (p = 0.037). The addition of
sodium omadine was not significantly different than the baseline concentration for any time point of
the stream water, but was different for six of the 14 time points of the tile and pond water. The addition
of sulfuric acid was the best performing method for preserving orthophosphate over the full 14-day
period in this study. The addition of sodium omadine was quite good at preserving stream water
samples, but significantly varied for several time points for tile and pond water samples. While filtering
is the US EPA recommended preservation method for orthophosphate in water, it was significantly
different from the baseline concentration for more sampling points than the other methods.
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Table 6. Significant differences between methods for orthophosphate measurement were calculated
using Tukey HSD method and the p-values are presented for each treatment comparison and day.
Significant differences (p < 0.05) are highlighted in yellow for convenience.

Tile Water

Treatment 1 Treatment 2
Day

0 0.5 1 2 5 7 14

Baseline Control 0.900 0.164 0.510 0.900 0.028 0.246 0.900
Baseline Filtered 0.115 0.049 0.160 0.900 0.088 0.021 0.156
Baseline Sulfuric Acid 0.876 0.393 0.900 0.500 0.262 0.900 0.900
Baseline Sodium Omadine 0.073 0.014 0.071 0.900 0.021 0.741 0.389

Pond Water

Treatment 1 Treatment 2
Day

0 0.5 1 2 5 7 14

Baseline Control 0.900 0.052 0.139 0.022 0.081 0.900 0.900
Baseline Filtered 0.135 0.001 0.002 0.001 0.001 0.485 0.305
Baseline Sulfuric Acid 0.797 0.900 0.099 0.134 0.281 0.900 0.451
Baseline Sodium Omadine 0.663 0.001 0.005 0.001 0.004 0.634 0.124

Stream Water

Treatment 1 Treatment 2
Day

0 0.5 1 2 5 7 14

Baseline Control 0.900 0.538 0.223 0.900 0.900 0.900 0.103
Baseline Filtered 0.082 0.010 0.001 0.900 0.821 0.267 0.232
Baseline Sulfuric Acid 0.762 0.037 0.054 0.617 0.416 0.430 0.900
Baseline Sodium Omadine 0.782 0.246 0.900 0.591 0.900 0.764 0.285

3.3. Summary of Findings

This study compared currently recommended preservation methods in order to assist with
studies that are not able to analyze samples immediately after collection. In practice, this study
investigated the effectiveness of currently recommended methods for preserving samples collected
by automated water samplers at remote field sites. This type of scenario prevents filtering from
occurring until a person arrives onsite to retrieve samples. A new method of adding sodium
omadine to the water samples was also investigated. By comparing the three different source waters
and three different preservation methods, it is apparent that the addition of sulfuric acid is the
most consistent for preserving both nitrate-N and orthophosphate and for all three source waters,
significantly differing from the baseline concentration for only two time points for nitrate-N and
only one time point for orthophosphate. In addition, the percent changes from the baseline on Day
14 were the smallest, ranging from 2.30–3.27% for nitrate-N and 1.94–8.48% for orthophosphate.
However, it is worth noting again that the control samples maintained the baseline concentrations
quite well for all source waters and time points tested. When sodium omadine was added to the water
samples, the nitrate-N concentrations were only significantly different from the baseline concentration
for four time points for nitrate-N. In contrast, sodium omadine was less effective for maintaining
orthophosphate concentrations. Orthophosphate concentrations were significantly different from the
baseline concentration for two time points for tile water and four time points for pond water. However,
there were no significantly different orthophosphate concentrations when sodium omadine was added
to stream water, showing a promising alternative for this scenario. The findings from this study
show that if water samples need preservation for both nitrate-N and orthophosphate, the addition of
sulfuric acid is the most effective method. However, if a study only needs to preserve stream water for
nitrate-N, for example, sodium omadine may be the best option (0.13% change from baseline on Day
14). When possible, preliminary experiments should be conducted with a source water of interest to
determine if preservation is necessary. Adding a preservative when it is not necessary could cause
more variation than not adding a preservative at all.
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