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Harmful Algal Blooms (HABs) are an increasing concern not only in Nebraska, but
across the world. Increasing global temperatures in conjunction with overuse of synthetic
fertilizers are leading causes to the increasing frequency and concern of HABs. In the present
work, the effectiveness of simulated bank filtration (BF), as an economical water treatment
option, to remove cyanotoxins under different levels of nutrients (nitrates and phosphates) was
investigated. Vertical flow-through columns pre-acclimated with two levels of nutrients (e.g.,
nitrate and phosphate—10 vs. 50 mg/L) were exposed to two different levels of cyanotoxins (10
vs. 75 µg/L). Results from the study confirmed the ability of simulated BF to remove
cyanotoxins. High cyanotoxins removals (>70%) were achieved regardless of the levels of
nutrients and cyanotoxins. It can be recommended to guarantee enough travel time (>7 d) to
enhance the removal of cyanotoxins. The majority (42 – 60%) of the overall removal occurred
within the top 10 cm of the column, thus representing the effect of biodegradation. An additional
6% - 35% cyanotoxin removal occurred within the remaining 150 cm, thus representing the
physicochemical processes within the packing material. Among the removal mechanisms,
biodegradation was the predominant removal mechanism.
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CHAPTER 1: INTRODUCTION

Imagine two scenarios describing some of the physicochemical characteristics of
a lake you are using for recreational activities. The first scenario includes a lake that is
bright blue and clear, fish that are healthy and plentiful, and a wide contrast of colors and
odors. The second scenario includes a lake that has green and murky water, health alert
signs warning both humans and dogs to keep out of the water, and very strong unpleasant
odors. Which scenario would you use to describe the lakes surrounding you, or rather,
which scenario would you like to use? Unfortunately, due to the increasing effects of
global warming exacerbating environmental issues around the world, the second scenario
is becoming more frequent (O’Neil et al., 2012). The characteristics described in the
second scenario are a few of the detrimental effects of an environmental issue called,
Harmful Algal Blooms (HABs).
HABs are a very prominent environmental issue and have been part of history
through scientific literature for nearly 130 years (O’Neil et al., 2012). According to the
EPA, Harmful Algal Blooms (HABs) are defined as the overgrowth of algae within a
waterbody that can have a potentially adverse effect on both human and aquatic health
(EPA, 2019). HABs are caused by the most ancient phytoplankton, cyanobacteria, or
more commonly known as blue-green algae (O’Neil et al., 2012). Cyanobacteria are
single celled organisms that can be naturally found in water bodies (CDC, n.d.).
Cyanobacteria blooms occur when the cyanobacteria start to multiply quickly due to
favorable environmental conditions (CDC, n.d.). Recent studies have provided a
consensus that HABs are complex events, in that not one environmental condition is
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acting as the cause, but rather a multitude of environmental conditions (O’Neil et al.,
2012).
According to the National Oceanic and Atmospheric Administration (NOAA),
environmental conditions such as; warm water temperatures, excess nutrient loads and
sunlight create the optimal environment for these blooms to occur (2016). Thus, HABs
are naturally occurring and most prominent during the summer months. Although HABs
occur naturally in the environment, certain human activities can influence both the
intensity and frequency in which they occur. Among the different human activities that
have an indirect effect on HABs through global warming, the use of fertilizers has a
major direct effect on HABs. The overuse of fertilizers on lawns and agricultural fields
can lead to overfeeding, which is the process of nutrients runoff into a water source,
which can build up at a rate that overfeeds the algae within the lakes (NOAA, 2016).
Fertilizers contain key nutrients, nitrogen and phosphorus, which are important in the
growth of algae. These excess nutrients can lead to an increase in algae growth, which in
turn can lead to a harmful algal bloom occurring. Global warming also has an impact on
the frequency and intensity of harmful algal blooms. Some of the effects of global
warming are more frequent and intense weather events, sluggish water circulation, and
unusual high-water temperature (NOAA, 2016). These three effects create an
environment that promotes algae growth and thus harmful algal blooms.
Certain cyanobacteria can produce toxins, known as cyanotoxins, that can have a
wide variety of both environmental and health implications. There are a variety of
cyanotoxins that can be produced, however according to the EPA, the most common one
in the United States is microcystin-LR. Water temperatures, excess nutrients and sunlight
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highly impact the seasonal distribution of microcystin in water or the strains present in
blooms (He et al., 2018; Zhang et al., 2018). HABs produce cyanotoxins, which is a
potential source of contamination in water, especially drinking water (Codd et al., 2005).
The World Health Organization (WHO) provisional value for drinking waters is 1
µg/L microcystin-LR (USEPA, 2014). Negative human health impacts are related to
chronic and acute exposures to algal toxins via drinking water, exposure to aerosols
carrying algal toxins, shellfish poisoning, bathing and other routes of exposure, such as
from bioaccumulation in crops (Abbas et al., 2020). Microcystins can cause skin rashes,
stomach, liver illness, respiratory and neurological problems (WHO, 1999). Microcystin
has been detected in freshwater samples around the world (Abeysiriwardena et al., 2018;
Aguilera et al., 2018). For example, cyanotoxins ranged between 3 and 230 µg/L in lake
water samples of the Midwest region of the United States (Graham & Loftin, 2014).
Within the state of Nebraska, health alerts due to HABs are controlled by the
Nebraska Department of Environment and Energy (NDEE). There are currently 54 sites
throughout Nebraska that are tested on a weekly basis throughout the year (NDEE, n.d.).
The majority of the sampling takes place within the months May-September, as these are
the months that HABs are most prominent. A health alert is issued when the
concentration of microcystin exceeds 8 µg/L. This 8 µg/L health represents the level
where it is unsafe for humans and animals alike to come in contact with the water. As of
July 19, 2022, there are no lakes within the state of Nebraska that are under a health alert.
In July 2021, five health alerts occurred, mainly in the eastern part of the state. NDEE
keeps a weekly updated list for any lake that would fall under a health alert.
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Conventional water treatment processes are not effective in removing cyanotoxins
in water because of the high energy and chemical dosage required (Abbas et al., 2020),
while the usage of common adsorbents can be challenging because of the competitive
adsorption related to the presence of natural organic matter in the source water (Kumar et
al., 2020). Therefore, natural filtration represents a valuable alternative. Bank filtration
(BF) includes both riverbank (RBF) or lake bank filtration. It represents the most
common water pre-treatment and/or treatment based on natural filtration for
municipalities and regional water authorities (D’Alessio et al., 2018). Low capital
investments, low operating costs, ability to remove suspended particles, biodegradable
compounds, bacteria, and viruses through sorption, degradation and other biotic/abiotic
mechanisms and ability to buffer fluctuations in water quality represent some of the key
advantages associated with BF (D’Alessio et al., 2015; Hiscock & Grischeck, 2002; Ray
et al., 2003). Also, chlorination may be the only additional treatment required. BF has
proven effective in removing microcystins, as cyanobacterial cells are retained and
dissolved toxin is degraded in the highest biological active zone located in the uppermost
substrate layers (Grützmacher et al., 2010; Miller et al., 2001). Bank filtration is
comprised of both physicochemical and biological processes. Bank filtration is defined as
the process of passing river water through the riverbank and proceeding towards the
groundwater table (Kuehn & Mueller, 2000). There are a multitude of physicochemical
processes that the river water is exposed to during this time such as; filtration,
biodegradation, adsorption, chemical precipitation and redox reactions. Mixing with
groundwater will act as a dilution of the bank filtrate (Kuehn & Mueller, 2000).
Underground passage of river water can be affected by the quality and porosity of the
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aquifer material, the residence time of the water, along with the water temperature, pH
conditions and oxygen concentrations (Kuehn & Mueller, 2000). Depending upon the
aquifer material properties, different removal mechanisms may be dominant. Adsorption
would have a greater impact in an aquifer material with higher organic matter, whereas
biodegradation would be more dominant in more sandy aquifer materials. Biodegradation
is due to the bioaccumulation of bacteria along the riverbed, which is caused by the
passing of river water through the riverbank. Similar to other contaminants, the ability of
BF to remove cyanobacteria is impacted by distance and travel time. As the distance and
travel time is increased, the passing river water is exposed to the physicochemical
processes of the aquifer material for a longer period of time, thus increasing the overall
removal efficiency. Travel time of less than 1 week can lead to a cyanobacterial
breakthrough in BF with the potential for transport of intracellular cyanotoxins to wells
(Pazouki et al., 2016). Degradation and to less extent sorption are the predominant
removal mechanisms (Grützmacher et al., 2010; Romero et al., 2014).

Thesis Objectives
Currently, only environmentally occurring microcystin levels are being tested
while investigating the ability of BF to remove cyanotoxin. Unfortunately, with the
increase in the effects of climate change on the frequency and intensity of environmental
issues, it is important to test a broader range of microcystin levels, in order to validity of
utilizing BF in the future. It is also important to take into account the effect an increase in
nutrients can have on the overall removal efficiency, especially in locations where there
is an excess of nutrients due to agricultural practices. Therefore, the overall goal of this
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research is to determine the overall efficiency of BF, as an economical water treatment
option, in the removal of cyanotoxins, while being exposed to varying nutrient
concentrations. In addition, this study will identify the likely removal mechanisms (e.g.,
sorption vs. biodegradation) occurring based on sampling across the columns used to
simulated BF as well as literature and theory.
THESIS OUTLINE

This thesis is presented in a way to allow the reader to fully understand the extent
and importance of harmful algal blooms (HABs), while also presenting a viable solution
that could be utilized for futuristic environmental events. Chapter 1 begins with providing
background information needed to understand the importance of this environmental issue.
Chapter 2 discusses the materials and methods used to set up the bank filtration
experiment that this study focuses on. Specific experimental guidelines and parameters
are identified within this chapter. Chapter 3 then provides an interpretation of the data
collected, as well as observations made from the experiments. Chapter 4 discusses the
limitations associated with these experiments, as well as the future possibilities this
research provides. Results highlighted in this study have been published in the “Ability of
bank filtration to remove cyanotoxins under different levels of nutrients, Water and
Environment Journal (Walkenhorst et al., 2021).
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CHAPTER 2: MATERIALS AND METHODS
This chapter will begin by providing details regarding the chemicals used
throughout the study and by explaining the characteristics and properties of the packing
materials being used. The experimental procedure will then be discussed. This chapter
will conclude by describing the analytical methods used to determine the microcystin and
nutrient concentrations in the effluent.
Chemicals
Potassium nitrate and potassium phosphate (ThermoFisher, St Louis, MO, USA)
and Microcystin-LA (Cayman Chemical Company, Ann Arbor, MI, USA) were used
throughout the study to simulate the different levels of nutrients as well as the different
levels of cyanotoxins. Reagent grade deionized (DI) water with a resistivity of 0.182
MΩ·m (at 25°C) was used.
Packing Materials
Silica sand (diameter: 0.6–1.2 mm; uniformity coefficient: 1.57; porosity: 0.41),
simulating aquifer materials observed at RBF sites (Ray et al., 2003), was used as the
main packing material. The sand was repeatedly rinsed with tap water and air-dried
before being used, to ensure no impurities remained in the sand. Potassium
Experimental Set-up
Eight vertical flow-through PVC columns (two environmental conditions––low
and high levels of nutrients––combined with two levels of cyanobacteria, each scenario
replicated in an additional column, Table 1) were used. PVC pipes were used to prevent
the possibility of photodegradation. Each column (internal diameter: 4.75 cm; length: 160
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cm) was equipped with two sampling ports (5 µm openings, Mott Corporation,
Farmington, CT, USA) horizontally inserted. The two sampling ports (referred to as Top
port and Middle port) were located 10 and 75 cm below the sand/water interface. An
eight-channel head peristaltic pump (Cole-Parmer; Vernon Hills, IL, USA) was used to
simultaneously introduce the different feed solutions to the different columns (hydraulic
loading rate: 0.2 ml/min; water residence time: 4.5 days, based on a porosity of 0.43
estimated using bromide as a conservative tracer). This value was selected in agreement
with values observed at BF sites (Ray et al., 2003). Eight reservoirs, one for each column,
were covered with aluminum foil to prevent photodegradation. A schematic
representation of the experimental is shown in Figure 1. Four different environmental
conditions were tested, based upon the corresponding level of nutrients (nitrate and
phosphate) and cyanotoxins. The four environmental conditions are represented in Table
1. “L” represents low nutrients and/or cyanotoxins, which correlates to a concentration of
10 mg/L for the nutrients and 10 µg/L for the cyanotoxin concentration. “H” represents
high nutrients and/or cyanotoxins, which correlates to a concentration of 50 mg/L for the
nutrients and 75 µg/L for the cyanotoxin concentration.
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Figure 1: Experimental setup of eight vertical columns.

The packing material was pre-acclimated (Burke et al., 2018; D’Alessio et al.,
2015; Maeng et al., 2011) according to the two different environmental conditions—low
(10 mg/L) and high (50 mg/L) level of nutrients (nitrates and phosphates)—for 29 d. This
pre-acclimation period allowed for the levels of the selected nutrients in the effluent to be
constant. After this acclimation period (day 30–day 36.5), four columns received source
water spiked with background levels of microsystems (10 µg/L), while the remaining four
columns received a high concentration (75 µg/L) of microcystins. A conservative tracer,
bromide (C0 = 15 mg/L), was used during the spike. Once the injection of cyanotoxins
was suspended, the feed water was revered to DI water with two levels of nutrients.
Duplicated columns were used throughout the study. The study was conducted at room
temperature (20°C). Table 1 summarizes the different environmental conditions
investigated during the study.
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Table I: Environmental conditions investigated during study

Environmental Conditions

ID
[1]

Nutrients
Cyanotoxins
[Phosphate and nitrate] [mg
[µg L ]
L]
-1

-1

[1]

Low Nutrients & Low
Cyanotoxins

LL

10

10

Low Nutrients & High
Cyanotoxins

LH

10

75

High Nutrients & Low
Cyanotoxins

HL

50

10

High Nutrients & High
Cyanotoxins

HH

50

75

L represents low levels and H represents high levels.

Analytical Methods
Source water samples, effluents from each column and sampling ports samples
were collected in plastic vials, covered by aluminum foil to prevent possible
photodegradation and stored at −20°C before being analyzed. Three freeze-thaw cycles
were performed on each sample to lyse the cyanobacteria cells for releasing the toxins.
Samples were analyzed (EPA method 546; Zaffiro et al., 2015) for microcystin
concentrations using ELISA immunoassay (Microcystin-LR detection limit: 0.1 µg/L).
Removal of cyanotoxins was expressed as the mass removed after the simulated BF units
(effluent) or after the two sampling ports compared to the mass injected. Figures 2 and 3
below show the ELISA kits used for this study. Figure 2 shows all the components of the
ELISA kit, which consists of a variety of premade solutions. Figure 3 shows the wells
used to determine the microcystin concentrations. More information regarding the ELISA
immunoassay process is outlined in the Standard Operation Procedure (SOP) located in
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Appendix A. Cyanotoxin removal percent after each sampling port, as well as after the
sand, was calculated by following Equation 1.
Percent removal = 1 – output/input

(Equation 1)

Where the output was calculated by integrating the BTCs after the top port,
middle port and after sand. The input was calculated by integrating the BTC input. Sigma
Plot (Sigma Plot, Systat Software, Inc.) was used to integrate the different BTCs.

Figure 2. ELISA test kit components.
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Figure 3. ELISA kit wells.

Nutrients and bromide were measured by ion chromatography using a Dionex
(ICS-90). A visual representation of the ion chromatography instrument used is found in
Figure 4. The SOP for the ion chromatography experiments is located in Appendix B.
Quality Assurance and Quality Control (QA/QC) samples, including duplicate samples,
laboratory and laboratory fortified blanks, and laboratory fortified matrices, were run
throughout the study to assure the accuracy of the results.
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Figure 4. Ion Chromatography (IC) instrument.

16

CHAPTER 3: RESULTS

Chapter 3 utilizes the data obtained from the previous experimental setup, while
also making observations and conclusions based upon the data. Four experimental
conditions were simulated by using two levels of nutrients (nitrate and phosphate: 10 vs.
50 mg/L) and two levels of cyanotoxin (10 vs. 75 µg/L). Each experimental condition
was run in duplicate. Duplicated columns used to confirm the results showed minimal
difference in terms of concentration (<5%) regardless of the different environmental
conditions. Normalized breakthrough curves (BTCs) of cyanotoxins are shown in Figure
5. The terms for the cyanotoxin concentration lines in Figure 5 refer to the concentrations
after:
•

Top: the first sampling port located 10 cm below the sand/water interface,

•

Middle: the second sampling port located 75 cm below the sand/water interface, and

•

AS: after sand – 160 cm below the sand/water interface.

C0 correlates to the cyanotoxin concentration based upon the experimental condition that
column represents (10 vs 75 µg/L), while Ci represent the effluent cyanotoxins’
concentration (Top, Middle, AS) over time throughout the study. During the first 29 days,
the eight columns received DI water reinforced only with nutrients. After that, on day 30,
the columns were spiked based upon their given cyanotoxin concentration over a 3-day
period. On day 33, the injection of cyanotoxin was suspended and the columns were
flush-out with DI water. Therefore, the BTCs are starting from day 30.
An early appearance of the cyanotoxins at the two sampling ports and the bottom
of each column was observed regardless of the levels of cyanotoxins (10 vs. 75 µg/L) and
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nutrients (nitrate and phosphate—10 vs. 50 mg/L). After that, the levels of cyanotoxins
and nutrients impacted the movement of cyanotoxins. In fact, in the presence of low
levels of cyanotoxins and nutrients, the progressive movement of the cyanotoxins through
the column was slow, the shape of the BTCs (after the two sampling ports as well as in
the effluent) was asymmetric and the effluent concentrations were consistently lower than
those observed in the feed water suggesting enhanced removal of cyanotoxins (Figure
5a). On the contrary, in the presence of low nutrients and high cyanotoxins, the
movement of cyanotoxins through the columns was faster, the shape of the BTCs was
less asymmetric and the effluent concentrations, especially after the two sampling ports,
were closer to those observed in the feed water suggesting a less effective removal in the
upper portion of the columns (Figure 5b). The early cyanotoxins’ appearance and their
movement through the packing material were because of the poor adsorptive properties of
the sand.
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A)

C)

B)

D)

Figure 5: Breakthrough curves of cyanotoxin. [Cyanotoxin injection: occurred between 30 d and 36.5 d;
Top, Middle and AS: top sampling port, middle sample port and after sand located 10, 75 and 160 cm
below the sand/water interface]

Results from the study (Figure 5) confirmed the ability of simulated BF to remove
cyanotoxins especially in the presence of realistic concentrations (cyanotoxin: ~10 µg/L).
Similar results were also observed by (Grützmacher et al., 2010) investigating the
likelihood of microcystin breakthrough in field setting. This study utilized both batch and
column experiments utilizing a variety of sediments, source water and microcystin
concentrations. This study found that biodegradation was the dominating process for
microcystin removal, accounting for 84-100% removal of the initial microcystin
concentration (Grützmacher et al., 2010). It was also observed that there was a great
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disparity among the degradation rates and the different experimental parameters that were
tested. Under artificial conditions, those that contained dried material, deionized water
and batch experiments, experienced lower degradation rates than those experiments that
took place in the columns. The experiments that took place in the columns more closely
resembled real world situations, where the material would be saturated and surface water
present. As highlighted in Figure 5, between 70%–86%, removal of cyanotoxin was
achieved at the end of the investigations.
An average travel time of approximately 5 days was used during the study, as
maintained by constant hydraulic loading rate and verified with Bromide as the
conservative tracer. Results from this study, closely correlate to a previous study
conducted by Pazouki et al. (2016) using source water consisting of two artificial lakes
(lake A had a travel time of 10 days, while Lake B had a travel time of 2 days).
Phycocyanin probes, which were used to monitor the cyanobacteria concentration in the
source water and in the filtered well water. Pazouki et al. (2016) found a positive
correlation with cyanobacterial concentrations in the lake water and in the well water,
with a log removal due to bank filtration around 0.96, which is equivalent to a 96%
removal.
Most of the cyanotoxins removal, 42%–60%, occurred within the top 10 cm.
Additional removal (6%– 35%) was achieved during the remaining 150 cm. The two
levels of nutrients and cyanotoxins had no impact on the overall ability of the system to
remove cyanotoxins. On the contrary, Pazouki et al. (2016) investigating the removal of
cyanobacteria cells in well water following BF from source water consisting of two
artificial lakes with different levels of nutrients, observed a more pronounced removal of
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cyanotoxins in the lake with greater nutrient enrichment. This can be because of the
significantly longer travel time (10 d vs. 2 d) related to the lake with greater nutrient
enrichment (Pazouki et al., 2016).
During this study, the two levels of nutrients and cyanotoxins, even if they had no
impact on the overall performance of the system, impacted the cyanotoxins’ removal
within the different columns. In the presence of low levels of cyanotoxins and nutrients,
60% of the cyanotoxins removal occurred in the top 10 cm. On the contrary, in the
presence of high levels of cyanotoxins and nutrients, limited cyanotoxins removal
(42%) was observed in the top 10 cm, while a progressive removal was observed during
the cyanotoxins’ movement throughout the rest of the column (+14% after the second
sampling port, 65 cm after the first sampling port and an additional 22% at the end of the
column). In the presence of high levels of cyanotoxins or nutrients, 50% cyanotoxins’
removal was observed in the upper 10 cm and an additional 20% occurred throughout the
rest of the column. A visual representation of these results is found in Figure 6.
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Top Port

Middle Port

After Sand

100

Cyanotoxin Removal (%)

90
80
70
60
50
40
30
20
10
0

Low Nutrients +
Low Cyanotoxin

Low Nutrients +
High Cyanotoxin

High Nutrients +
Low Cyanotoxin

High Nutrients +
High Cyanotoxin

Figure 6. Cyanotoxin removal % achieved during the study estimated using Equation 1. Top Port is located
10 cm below sand/water interface, Middle Port is located 75 cm below sand/water interface.

As figure 6 above shows, the majority of the removal took place within the top 10
cm of the columns, which closely resembles the biodegradation removal process.
Whereas the remaining removal taking place in the bottom 150 cm closely resemble the
more physicochemical properties. Therefore, based upon observations here and previous
literature, biodegradation rather than sorption is the predominant removal mechanism of
cyanotoxins. The limited impact of sorption was because of the packing material (sand
with no clay and organic matter). The acclimation phase (columns were exposed to
different levels of nutrient but no cyanotoxins for 29 d) is predicted to have played a
crucial role in enhancing biodegradation and consequently the cyanotoxins’ removal
especially in the upper portion of the columns. Biologically active sand was identified as
a key component to minimize the cyanobacterial contamination and proliferation within
the water supply chain infrastructure (Rose et al., 2018). This is also supported in another
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study conducted by Bourne et al. (2006). Investigating the bioremediation applications in
natural water microcosms, as well as in active slow sand filters. River water was used as
the source and samples were either inoculated with microcystin LR or they remained
uninoculated. It was observed that greater than 80% degradation occurred within the first
2 days where the river water was inoculated with microcystin LR compared to the
uninoculated controls (Bourne et al., 2006). Besides the acclimation period,
biodegradation can also be impacted by the type and size of cyanotoxins, redox
conditions and presence of organic matter (Grützmacher et al., 2010; Romero et al.,
2014). Smaller cyanobacterial species (mean cell size: 0.5 µm3) are more frequently
observed in wells than larger cyanobacterial species (mean cell size: 185 µm3) (Pazouki
et al., 2016). Temperature below 10ºC (Grützmacher et al., 2006) and anoxic conditions
(Grützmacher et al., 2010) negatively impact the removal of cyanotoxins.
The implications of this study include creating an experimental setup that is
representative of what real world conditions would be. As climate change continues to
impact the magnitude of environmental issues, it is becoming more challenging to both
predict and replicate what real world conditions can be. This study utilizes a constant
hydraulic loading rate that is representative of what you would find at riverbank filtration
sites, as well as a broad range of both nutrient and cyanotoxin concentrations. This allows
for a broader range of environmental conditions to be covered in this study. Another
implication with this study, is that it can be challenging to replicate aquifer material
properties and the heterogeneity. The packing material in this study closely resembles
similar properties for Nebraska aquifer material.
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CHAPTER 4: CONCLUSION AND FUTURE WORK

Chapter 4 begins with providing a brief summary of some of the key findings of
this study. This chapter also discusses both the current and potentially future applications
that this study has or can impact. This chapter concludes with discussing ways this
research can be improved and built upon for future use. Simulated BF represents a viable
option to reduce the negative impacts of cyanotoxins. After sand, high cyanotoxins
removal (>70%) was achieved regardless of the levels of nutrients and cyanotoxins.
However, higher cyanotoxin removal (~86%) was achieved in the presence of realistic
cyanotoxin concentrations and lower nutrient loads. Most of the cyanotoxins’ removal,
42%–60%, occurred within the top 10 cm. Additional removal (6%–35%) was achieved
during the remaining 150 cm. The levels of nutrients and cyanotoxins had a limited
impact on the overall performance of the system. Biodegradation rather than sorption was
the predominant removal mechanism.
Past research has led to an increase in monitoring and awareness, which in turn
has led to an increase in the understanding behind HABs. Many communities around the
world are utilizing this increased understanding around HABs and are implementing
remediation technologies. A study was conducted in 1995 in Kearney, Nebraska, where
scientists tested the use of sands and gravel within the aquifer to filter the groundwater
near Killgore Island (Esseks et al., 2003). The results of this study found that a 2.5-log
natural filtration credit for the removal of Giardia and a 2.0-log credit for viruses was
justified (Esseks et al., 2003). This study proved that the natural properties of the aquifer
is able to filter the source water from the Platte River just as, or even more, efficiently
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than a typical conventional treatment plant. Places outside of the United States are also
utilizing this sand filtration process, as represented by an article published in Uganda
(Climate Stewards, n.d.). Biosand water filters are provided to families, which are able to
destroy 98% of bacteria. Families undergo a two-day training course on how to use these
filters shown in Figure 7. These filters consist of sand and gravel and work by pouring
your contaminated water in the top and retrieving the clean water at the bottom. These
water filters allow for an inexpensive water quality solution, which can be of particular
value to developing countries.

Figure 7. Water filter design.

The limitations with this research lie with those surrounding small scale
experiments. Those limitations being to account for representing real world
environmental conditions, which can be unpredictable. Environmental conditions such as,
extreme and unpredictable weather events, variations in water flow and the heterogeneity
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of sand characteristics among sites. Certain aspects of this experimental setup took into
account representing as many environmental conditions as possible, while still allowing
for tests to be ran under controlled settings. These aspects include; a variation in the level
of nutrients and microcystin, silica sand with similar characteristics as riverbank sand,
and maintaining a constant hydraulic loading rate that had been previously observed at
BF sites. Future research could be done utilizing sand collected from known sites where
historically there have been HABs, thus testing the effects of the heterogeneity of the
sand on the efficiency of BF removal. Large scale experiments done on lakes in a health
alert due to HABS would also be very valuable in determining the efficiency and viability
of utilizing BF.
Overall, BF is a viable treatment option for many communities. Its inexpensive
construction costs, compared to conventional treatment processes, along with its high
removal efficiency would particularly make this treatment option viable for developing
countries.
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APPENDIX A
DETECTION OF MICROCYSTINS UTILIZING THE ELISA METHOD

1

INTRODUCTION

This method was adapted from EPA Method 546 to detect Microcystins in ground water
samples.

2

SCOPE AND APPLICATION

2.1

OVERVIEW

2.1.1 This method is based on the 96-well microtiter plate format. In these wells,
microcystins and nodularins in the samples and a microcystin-protein analogue
immobilized in the wells compete for the binding sites of a primary detection
antibody in solution. After a wash step, an enzyme-conjugate is added to the wells
and binds to the primary antibody in an inverse relationship to the original
concentration of microcystins and nodularins in the sample. After a second wash
step, tetramethylbenzidine substrate is added to develop color via an enzymemediated reaction. After a set period, an acidic solution is added to each well to
stop color generation. Finally, the absorbance of each well is measured using a
plate reader. The concentration of microcystins and nodularins is calculated using
a four-parameter logistic calibration curve
2.2

METHOD DETECTION LIMIT

2.2.1 0.138 µg/L
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2.3

ACCEPTABLE RANGES

2.3.1 0.13 µg/L – 5.00 µg/L
2.4

TRAINING TIME

2.4.1 8-20 hours
2.5

SAMPLE PRESERVATION

2.5.1 Samples must be frozen upon arrival. See section 8.1 to fortify samples prior to
freezing. Ensure there is headspace left form expansion in container. Samples can
be held frozen as long as needed. Once thawed the Lysing process begins and
samples must be processed.

3

REQUIRED TRAINING

3.1

GENERAL TRAINING

3.1.1 EHS Training
3.1.2 Basic Laboratory Training and Passing the Basic Laboratory Exam
3.2

METHOD TRAINING

3.2.1 The Initial Demonstration of Capability (IDC) test must be successfully
performed prior to analyzing of samples. The IDC includes four determinations:
demonstration of precision and accuracy, demonstration of acceptable system
background, MRL confirmation, and a second-source verification of the
calibration standards (Quality Control Sample).
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When conducting the IDC, the analyst must meet the calibration requirements
specified in Section 9.1.1. The four determinations necessary to complete the IDC
may be included in a single Analysis Batch, i.e., processed on a single ELISA
plate.
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Requirement

Specification

Acceptance Criteria

Demonstration of

Lyse and assay 7 replicate

Percent relative standard

precision and accuracy

Laboratory Fortified Blanks

deviation 70% and <130%.

(LFBs) at 0.50 µg/L.
Demonstration of

Lyse and assay 5 Laboratory

MC concentration must be

acceptable system

Reagent Blanks (LRBs)

less than one-half the

background

distributed throughout a plate.

Minimum Reporting Level
(MRL) in each LRB.

MRL confirmation

Fortify and analyze 7 replicate

Upper PIR ≤150%

LFBs at the proposed MRL
concentration. Confirm that the
Upper Prediction Interval of

Lower PIR ≥50%

Results (PIR) and Lower PIR
meet the recovery criteria.
Quality Control Sample Prepare a QCS near the EC50

Percent recovery >70%

(QCS)

with MC-LR from a source

and ≤130% of the true

independent from the

value.

calibration standards
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4

EQUIPMENT AND MATERIALS

4.1

APPARATUS AND MATERIALS

Material or Apparatus

Capability/Capacity

Vendor/Part Number

Plate Reader

Reading at 450nm

In Lab

Adhesive Plate Covers

n/a

VWR 60941-120

Multi-Channel Pipette

1-250uL

In Lab

Pipette

50uL, 100ul, and 250uL

In Lab

Reagent Reservoirs

10mL

Fisher Scientific 50-1532336
Fisher Scientific 21-381Reagent Reservoirs

25mL
27D

Syringes

1-3cc

In Lab

Syringe Filters

1.1um glass fiber

Fisher Scientific 722-2000

15mL Centrifuge Tubes

15mL

Fisher Scientific 05-53912
2mL Micro-centrifuge

Fisher Scientific 21-4022mL

tubes

905
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4.2

REAGENTS AND CHEMICALS
Vendor/Part
Chemical

CAS #

Hazards

Location
Number

Abraxis ELIZA
N/A

None

Refrigerator #4

Abraxis-520011

Kit
Reagent Grade

18.2mΩ
N/A

None

Water

5

SAFETY PRECAUTIONS

5.1

SAFETY PRECAUTIONS

N/A
Dispenser

5.1.1 Wear gloves, safety glasses, and laboratory coat.
5.2

WASTE DISPOSAL

5.2.1 All waste can be collected, diluted and poured down the sink.

6

SOLUTIONS AND REAGENTS
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6.1

1X WASH SOLUTION

5x Wash Solution

10mL

DDI Water

Dilute to 50 mL

Protocol: Pipette 10mL of the 5X Wash Solution in to a 50mL volumetric flask
and fill with DDI water to the line.
Storage: Store in plastic container at 4-8oC up to 6 months.
Disposal: Solution may be poured down the drain with disposed.

7

STANDARD SOLUTIONS

7.1.1 The kit comes with all the standards and controls ready to use. Standards (6): 0,
0.15, 0.40, 1.0, 2.0, 5.0 ppb; and Control (1) at 0.75 ± 0.185 ppb

8

PROTOCOL

8.1

SAMPLE AND TEST PREPARATION

8.1.1 Lysing
8.1.1.1

Transfer 5-10mL of sample to a 15mL centrifuge tube.
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8.1.1.2

The sample needs to be frozen solid and thawed out completely to go
through 1 lyse cycle. If sample was frozen upon arrival then once it thaws
it has completed one lyse cycle.

8.1.1.3

Once a sample is thawed it needs to mixed thoroughly and then frozen
again. Each sample needs to complete 3 lysing cycles.

8.1.2 Filtering
8.1.2.1

1-1.5ml of sample is filtered through a 25mm Glass Fiber 1.2µm syringe
filter into a small vial.

8.1.2.2

After filtering the sample can be stored at 4-8oC or frozen until assay can
be performed.

8.1.3 Test preparation
8.1.3.1

Pull reagents and samples from storage and let them reach room
temperature before testing.

8.1.3.2

Remove enough microtiter plate strips for all the samples, standards, and
QCs. Dilute the wash solution as described in section 6.1.

8.1.3.1

Organize the microtiter plate strips to match Diagram 1. Fill out
Attachment A to indicate what wells are filled with what Standard, QC, or
Sample.
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8.2

ASSAY PROCEDURE

8.2.1 Turn on Plate reader to let it warm up for a few hours.
8.2.2 Add 50uL of each standard and QC to the correct wells and record which wells
are filled on Attachment A (Figure 1).
8.2.3 Add 50uL of each lysed and filtered sample to the correct wells and record which
wells are filled on Attachment A (Figure 1).
8.2.4 Using a pipette; transfer 50uL of Antibody Solution to each well containing
Standard, QC, or Sample and cover with plate cover film (Figure 2).
8.2.5 Mix for 30 seconds by swirling on bench top.
8.2.6 Incubate at room temperature for 90 minutes.
8.2.7 Remove the covering and decant liquid into waste.
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8.2.8 Fill a reagent reservoir with the 1x wash solution and wash each well using the
multi-channel pipette with approximately 250uL of 1X wash solution 3 times. Pat
dry using clean paper towels after each wash (Figure 3).
8.2.9 Using a pipette; transfer 100uL of Enzyme Conjugate Solution to each well
containing Standard, QC, or Sample and cover with plate cover film (Figure 4).
8.2.10 Mix for 30 seconds by swirling on bench top.
8.2.11 Incubate at room temperature for 30 minutes.
8.2.12 Remove the covering and decant liquid into waste.
8.2.13 Fill a reagent reservoir with the 1x wash solution and wash each well with
approximately 250uL of 1x wash solution 3 times. Pat dry using clean paper towls
after each was (Figure 5).
8.2.14 Using a pipette; transfer 100uL of Substrate (Color) Solution to each well
containing Standard, QC, or Sample (Figure 6).
8.2.15 Mix for 30 seconds by swirling on bench top.
8.2.16 Place the plate in a dark area away from light so it can incubate and change colors.
8.2.17 Incubate at room temperature for 20-30 minutes.
8.2.18 During the wait period the analyst can set up the batch on the plate reader
software see section 8.3.
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8.2.19 Using a pipette; transfer 50uL of Stop Solution to each well containing Standard,
QC, or Sample (Figure 7).
8.2.20 Read the absorbance at 450nm within 15 minutes of adding the Stop Solution
(Figure 8). NOTE: If this 15-minute window is missed then the whole process
must be repeated.
8.3

SOFTWARE SETUP AND SAMPLE ANALYSIS

8.3.1 Make sure instrument is turned on. Switch is located on back of instrument.
8.3.2 Open the ChroMate Software from the desktop of the computer.
8.3.3 Let the software load. If the instrument is connected there will be a green
indicator light on the bottom right hand corner of the software window.
8.3.4 Software navigation:
8.3.4.1

Tab 1- Plate Layout
This window is where the plate reader can be controlled and where the
sample queue can be viewed.

8.3.4.2

Tab 2- Assay Calibration
The window is where the calibration can be set up and or selected from a
past calibration.
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8.3.4.3

Tab 3- Add Samples
This window is where sample information can be listed and added to the
queue.

8.3.4.4

Tab 4- Test Results
This window is where the test results will be loaded after an analysis of a
plate. This is also where data will be accepted or declined.

8.3.4.5

Tab 5- Report
This window is where the text report can be viewed, saved, and exported.

8.3.5 New Calibration Set-up
8.3.5.1

Under the Assay Calibration Tab there is a dropdown menu to choose an
assay at the top. Choose Microcystins2.

8.3.5.2

On the right-hand top corner of the window there is another dropdown
menu to Add Calibration Test. Choose All this will include the 6 standards
with 2 reps each and also the kit control with 2 reps.

8.3.5.3

Click Add to Plate on the bottom Right-hand corner of the window.

8.3.5.4

The Plate Layout window will popup once the Calibration has been added.
At this time the plate can be placed in the plate reader and the calibration
can be read or samples can be added to the analysis.
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8.3.6 Adding Samples to Queue
8.3.6.1

Add the standards according to section 8.3.5.

8.3.6.2

After the standards are added open Tab 3-Add Samples

8.3.6.3 Create Sample List
1. Click on Add Numerical ID in the lower left-hand corner of the Add
Samples window.
2. Type the first Sample ID of the batch and the select how many samples
are total in the batch including the QCs click Add.
3. Check the select all box below what was just entered. All the samples
will be highlighted.
4. In the second section of the window select the test Microcystin2 to be
used. Click the Add Test button.
5. The work list will appear on the third section of the window each
sample should have 2 reps. Click Add to Plate.
8.3.6.4

The Plate Layout window will appear.

8.3.6.5

Review the plate to make sure it matches the Worksheet from Attachment
A of that was filled out when performing the assay. Each well can be
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hovered over with the cursor and it will list the Position of the well,
Name/ID of the sample and the Assay to be used.
8.3.7 Analyzing a Batch
8.3.7.1

In the Plate layout window select the Tray Out button to insert the well
plate as the diagram on the window indicates and then select Tray In to
close the plate reader.

8.3.7.2

Select Read Plate. The plate reader lamp will need to warm up before it
does are readings.

8.3.7.3

After the reader warms up it will begin to read the absorbance in the wells.

8.3.7.4

Once the reader is finished the report will be sent to the Test Results page.
There the data will need to be accepted or rejected.

8.3.8 Exporting the Results Report
8.3.8.1

Click on the Report tab.

8.3.8.2

Select all the lines that are to be on the report.

8.3.8.3

Click the Print button.

8.3.8.4

Select PDF Creator as the printer and click Ok.
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8.3.8.5

Fill out the Document Title as the Batch #(s) used in the Assay and Click
Save.

8.3.8.6

Save the Report under Cdrive\Root\TestReports.
Note: The Plate Reader is hardwired to generate the results of the
concentrations in mg/dl units. Please ignore that, since the calibration
standards are made up with ppb or µg/L level concentrations.

9

DATA REDUCTION AND STATISTICS

9.1

CALCULATIONS

9.1.1 Calibration Curve
The calibration points are modelled using a four-parameter logistic function
relating concentration (x-axis) to the measured absorbance in the wells (y-axis).
Note the inverse relationship between concentration and response (Figure 9). The
zero calibration standard gives the highest absorbance and the highest calibration
standard gives the lowest absorbance.
9.1.2 Samples Outside if Calibration Range
If one or both duplicates register as ‘HIGH’ and exceeds the range of the
calibration curve, dilute the sample with reagent water. Based on the estimated
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concentration, select a dilution factor that results in a diluted sample concentration
near the EC50 (halfway between the top and bottom of curve) of the calibration
curve (Figure 9).
Examples:
1:10 dilution: 900 µL of reagent water + 100 µL of sample. Mix by vortex.
The concentration in the diluted sample must fall between the Minimum
Reporting Limit (MRL) and the highest calibration standard. Analyze the diluted
sample in a subsequent Analysis Batch. Incorporate the dilution factor into the
final concentration calculations. Report the dilution factor with the sample result.
No samples are to be run more than twice.
9.1.3 CV Absorbance
9.1.3.1

𝐶𝑉=(𝑀𝑒𝑎𝑛 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 ÷𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒) ×100
Note: All samples are run in duplicate. Each duplicate pair must have
%CV≤15% between its absorbance values. If this value is exceeded reanalyze the same in a new analytical run. If the value is slightly above
15%, the data can still be accepted, based on the analysts’ discretion.

9.2

STATISTICS

9.2.1 Calculating the MRL
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7 reagent water replicates spiked at 0.5µg/L are carried throughout the method to
determine precision and accuracy. From those 7 replicates the mean and standard
deviation are calculated. Then calculated the Half Range for the Prediction
Interval of the Results (HRPIR) using standard deviation for “s”.
HRPIR=3.963s
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10

QUALITY ASSURANCE

Replicate Number

Spiked Concentration

Measured Concentration

(ppb)

(ppb)

1

0.15

0.12

2

0.15

0.12

3

0.15

0.12

4

0.15

0.23

5

0.15

0.23

6

0.15

0.14

7

0.15

0.13

8

0.15

0.23

9

0.15

0.20

10

0.15

0.20
STATISTICS
Average 0.173
Standard Deviation 0.049
Student’s t Test 2.821
MDL 0.138
%RSD 28.3%
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11

ADDITIONAL INFORMATION

11.1

REFERENCES

11.1.1

EPA Method 546 Determination of Total Microcystins and Nodularins in
Drinking Water and Ambient Water by Adda Enzyme-Linked
Immunosorbent Assay. August 2016.

11.1.2

Abraxis Microcystins-ADDA ELISA (Microtiter Plate) Product number
520011 Handout.

11.1.3

Abraxis Microcystins-ADDA ELISA Kit, Detail Procedure Product
number 520011 Flow Chart.

11.2

NSTRUMENTATION TECHNICAL SUPPORT

11.2.1 Awareness Technology, INC. 772-283-6540
11.2.1.1

Instrument information needed S/N 4300-1521, Model: 4300 Product:
Chromate
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12

PREVIOUS ISSUES AND CHANGES

Document File

Issue

Name

Issue Effective

Author

Dates

ELISA

001

Autumn
Waldron

ELISA

002

Concentration
units corrected.
Revised the Data
red & stats
section

12.1

ISSUE CHANGES

12.1.1 New Document

Tania Biswas
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13

DIAGRAMS, FIGURES, AND PHOTOGRAPHS

Figure 1

Figure 2

Figure 4

Figure 5

Figure 7

Figure 8

Figure 3

Figure 6
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Figure 9

Figure 10
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APPENDIX B

MAJOR ANIONS IN WATER VIA ION CHROMATOGRAPHY

1

INTRODUCTION
This method describes the sequential determination of fluoride, chloride, nitrite,

bromide, nitrate, orthophosphate, and sulfate (F-, Cl-, NO2-N, Br-, NO3-N, PO4-P, &
SO4) in water samples by ion chromatography with suppressed conductivity detection. It
is applicable to most ground and surface water samples after filtration to remove particles
larger than 0.20 µm.

2

SCOPE AND APPLICATION

2.1

OVERVIEW

2.2

METHOD DETECTION LIMIT

2.2.1 Concentrations as low as 0.10 mg/L of each anion can be routinely determined,
and lower concentrations can be determined by adjusting and optimizing
instrument operating conditions. See Section 2.3 for MDLs for each analyte.
2.3

ACCEPTABLE RANGES

2.3.1 The standard calibration range is from 0.20 to 10.0 mg/L and anion concentrations
up to 400 mg/L can be routinely determined using the recommended dilution
procedure (100/4100 µL). Higher concentrations can be determined by diluting a
smaller aliquot of sample.
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Analyte

Range (mg/L)

MDL (mg/L)

Fluoride

0.0096 – 410.0

0.0096

Chloride

0.0238 – 410.0

0.0238

Nitrite-N

0.0047 – 410.0

0.0047

Bromide

0.0239 – 410.0

0.0239

Nitrate-N

0.0059 – 410.0

0.0059

Orthophosphate

0.0517 – 410.0

0.0517

Sulfate

0.0606 – 410.0

0.0606

2.4

TRAINING TIME

2.4.1 12 hours.
2.5

SAMPLE PRESERVATION

2.5.1 Samples should be filtered through clean 0.45 micron filters immediately after
collection to minimize the effect of bacteria on ionic concentrations.
2.5.2 All samples should be refrigerated to 4ºC.
2.5.3 Most analytes are stable for up to 28 days. However, samples being analyzed for
Nitrite, Nitrate, or Orthophosphate should be analyzed within 48 hours as these
analytes decay rapidly.

3

REQUIRED TRAINING

3.1.1 General lab training
3.1.2 Gas cylinders
3.1.3 IC instrumentation and maintenance
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4

EQUIPMENT AND MATERIALS

4.1

APPARATUS AND MATERIALS

4.1.1 ICS-90 Ion Chromatograph
4.1.2 Autosampler unit
4.1.3 Autosampler vial racks
4.1.4 Autosampler vials, 5.0 mL
4.1.5 Autosampler vial caps
4.1.6 10 cc plastic syringes
4.1.7 25 mm x 0.445 µm polyethersulfone membrane filters
4.2

REAGENTS

4.2.1 IC Eluent Solution (3.5 mM Na2CO3/1.0 mM NaHCO3)
4.2.1.1

Carbonate (Na2CO3) Concentrate (500 mM)

4.2.1.2

Bicarbonate (NaHCO3) Concentrate (500 mM)

4.2.1.3

Degassed DDI Water

4.2.2 Regenerant Solution (72 mM H2SO4)
4.2.2.1

Regenerant Concentrate (2.118 M H2SO4)

4.2.2.2

Degassed DDI Water
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4.3

CHEMICALS

Chemical

CAS Number

Hazards

Location

Sodium carbonate

497-19-8

Irritant

Cabinet 1 Shelf 3

Sodium bicarbonate

144-55-8

Irritant

Cabinet 1 Shelf 3

Sulfuric acid

7664-93-9

Corrosive, Irritant

Room 205

Sodium fluoride

7681-49-4

Corrosive, Irritant

Cabinet 1 Shelf 2

Sodium chloride

7647-14-5

N/A

Cabinet 1 Shelf 3

Sodium bromide

7647-15-6

Irritant

Cabinet 1 Shelf 3

Sodium sulfate

7757-82-6

N/A

Cabinet 2 Shelf 2

Sodium nitrate

7631-99-4

Toxic, Irritant

Cabinet 2

Sodium nitrite

7632-00-0

Toxic, Irritant

Potassium orthophosphate

7758-11-4

N/A

5

SAFETY PRECAUTIONS

5.1

SAFETY PRECAUTIONS

Cabinet 1 Shelf 3

5.1.1 Use caution when working with compressed helium. Refer to the EHS Safe
Operating Procedure on Compressed Gas Cylinders on Box (Lab Manual > Part 5
– Supporting Files > EHS SOPs).
5.1.2 Always wear a lab coat and gloves while handling acids;
5.1.3 All solvents and chemicals should be treated as a potential health hazard and
exposure to these chemicals should be minimized. Material Safety data Sheets
(MSDS) are available for all materials used in this procedure and should be
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referred to regarding specific handling procedures and toxicity.
5.2

WASTE DISPOSAL

5.2.1 Neutralize excess/expired acid solutions using sodium bicarbonate before disposal
via the acid sink (Room 205).

6

SOLUTIONS AND REAGENTS

6.1

SODIUM CARBONATE (NA2CO3) CONCENTRATE (500 MM)

Sodium Carbonate

105.9888 g/mol

26.50 g

DDI water

18.015 g/mol

To 500 mL

Protocol: Thoroughly dissolve 26.50 grams of ACS reagent-grade sodium
carbonate ("Baker Analyzed" preferred) in 400 mL of DDW and diluting to
volume in a 500 mL volumetric flask.
Storage: Store at room temperature for up to 6 months.
Disposal: Solution may be disposed via sewage system.
6.2

SODIUM BICARBONATE (NAHCO3) CONCENTRATE (500 MM)

Sodium Bicarbonate

84.007 g/mol

21.00 g

DDI Water

18.015 g/mol

To 500 mL

Protocol: Thoroughly dissolve 21.00 grams of ACS reagent-grade sodium
bicarbonate ("Baker Analyzed" preferred) in 400 mL of DDW and diluting to
volume in a 500 mL volumetric flask.
Storage: Store at 4ºC for up to 6 months.
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Disposal: Solution may be disposed via sewage system.
6.3

REGENERANT CONCENTRATE (2.118 M H2SO4)

Sulfuric Acid (H2SO4)

98.079 g/mol

6 mL

DDI Water

18.015 g/mol

To 100 mL

Carefully add 6 mL of concentrated H2SO4 (Trace metal grade) to a 100 mL
volumetric flask previously filled with approximately 75 mL of DDW. Dilute the
volume mark with DDW.
Storage: Store at room temperature for up to a month.
Disposal: Solution may be disposed via sewage system after being neutralized
with sodium bicarbonate.
6.4

DEGASSED DDI
Protocol: Fill a clean 1-liter vacuum flask with 17.8 megohm-cm or better
distilled deionized (DDI) water directly from the Barnstead PCS
polishing/filtration system. Stopper flask and connect tubulation to a vacuum
pump. Place flask in sonicator. Activate pump and sonicate for 20-30 minutes to
remove dissolved gases.
Storage: Since air will continue to re-dissolve in the water, use degassed DDW
immediately. Keep purged and sealed under helium to prevent air from redissolving.
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6.5

IC ELUENT SOLUTION (3.5 MM NA2CO3/1.0 MM NAHCO3)

Sodium Carbonate Concentrate

14 mL

Sodium Bicarbonate Concentrate

4 mL

Degassed DDI Water

To 2 L

Protocol: Pipette 14.0 mL of 500 mM Na2CO3 and 4.0 mL of 500 mM NaHCO3
into a 2000 mL volumetric flask. Bring to volume with freshly prepared degassed
DDI water.
Storage: Store at room temperature in instrument reservoirs. Solution should be
used as soon as possible. If eluent is prepared more than 2 or 3 days ahead of
time, it should be degassed using the procedure discussed under Section 6.5.
Disposal: Solution may be disposed via sewage system.
6.6

REGENERANT SOLUTION (72 MM H2SO4)

Regenerant Concentrate

68 mL

Degassed DDI Water

To 2 L

Protocol: Add 68 mL Regenerant Concentrate to instrument regenerant reservoir.
Fill to top with degassed DDI, leaving no air in the top. The solution needs to be
completely free of air.
Storage: Store at room temperature in instrument reservoirs. Solution should be
used as soon as possible. If regenerant is prepared more than 2 or 3 days ahead of
time, it should be degassed using the procedure discussed under Section 6.5.
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Disposal: Solution may be disposed via sewage system after being neutralized
with sodium bicarbonate.

7

STANDARD SOLUTIONS

7.1

STOCK ANION STANDARDS

Prepare stock standards for anions using the following amounts of reagents. After
carefully preparing, weighing and recording the amounts of each reagent, transfer
to the appropriate 100 mL or 200 mL volumetric flask using a wash bottle of DDW
and gently rinsing each reagent from the beaker into a flask. Dilute to the volume
mark with DDW. Transfer to polyethylene bottles and store in refrigerator. The NaF,
NaCl, NaBr, and Na2SO4 solutions can be stored for 6 months. The NaNO3, NaNO2,
and KH2PO4 solutions can be stored for 1 month.
7.1.1 Fluoride
7.1.1.1

Dry sodium fluoride (NaF) for 24 hours at 105 oC and cool and store in a
desiccator.

7.1.1.2

Weigh out 0.44204 grams in a small labelled beaker. Makes 200mL of
1000 mg F-/L solution.

7.1.2 Chloride
7.1.3.1

Dry sodium chloride (NaCl) for 24 hours at 105 oC and cool and store in
a desiccator.

7.1.3.2

Weigh out 0.32970 grams in a small labelled beaker. Makes 200mL of
1000 mg Cl-/L solution.

7.1.4 Bromide

59

7.1.5.1

Dry sodium bromide (NaBr) for 24 hours at 105 oC and cool and store in a
desiccator.

7.1.5.2

Weigh out 0.25752 grams in a small labelled beaker. Makes 200 mL of
1000 mg Br-/L solution.

7.1.6 Sulfate
7.1.7.1

Dry sodium sulfate (Na2SO4) for 24 hours at 105 oC and cool and store in
a desiccator.

7.1.7.2

Weigh out 0.29573 grams in a small labelled beaker. Makes 200 mL of
1000 mg SO4-2/L solution.

7.1.8 Nitrate
7.1.9.1

Dry sodium nitrate (NaNO3) for 24 hours at 105 oC and cool in a
desiccator.

7.1.9.2

Weigh out 0.60681 grams in a small labelled beaker. Makes 100 mL of a
1000 mg NO3-N solution. Note that concentration is expressed as
nitrogen.

7.1.10 Nitrite
7.1.11.1

DO NOT DRY IN OVEN! Dry and store sodium nitrite (NaNO2) in a
desiccator at room temperature for at least 72 hours.

7.1.11.2

Weigh out 0.49260 grams in a small labelled beaker. Makes 100 mL of a
1000 mg NO2-N solution. Note that concentration is expressed as
nitrogen.

7.1.12 Orthophosphate
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7.1.13.1

Dry potassium orthophosphate (KH2PO4) for 24 hours at 105 oC and cool
in a desiccator.

7.1.13.2

Weigh out 0.43930 grams in a small labelled beaker. Makes 100 mL of a
1000 mg PO4-P/L solution. Note that concentration expressed as
phosphorous.

Reagent

Anion

Quantity (g)

Volume (mL) Stability (months)

NaF

F-

0.44204

200

6

NaCl

Cl-

0.32970

200

6

NaBr

Br-

0.25752

200

6

Na2SO4

SO42-

0.29573

200

6

NaNO3

NO3-

0.60681

100

1

NaNO2

NO2-

0.49260

100

1

KH2PO4

PO43-

0.43930

100

1

7.2

MIXED STOCK STANDARD SOLUTION (100 MG/L EACH ANION)

Pipette 10.0 mL of each stock standard into a 100 mL volumetric flask. Dilute to volume
with DDW.
Storage: Store at 4ºC and prepare fresh weekly.
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7.3

CALIBRATION STANDARDS (MG/L EACH ANION)
0.20

0.50

1.00

3.00

5.00

10.00

50 µL

125 µL

250 µL

750 µL

1250 µL

2500 µL

DDI

Fill to 25

Fill to 25

Fill to 25

Fill to 25

Fill to 25

Fill to 25

Water

mL

mL

mL

mL

mL

mL

Anion
Mix Stock
Standard

Storage: Prepare fresh standards daily as needed.
7.4

QUALITY CONTROL SAMPLES

7.4.1 Lab Fortified Matrix (LFM)
7.4.1.1

Pipette 4.00 mL of the selected sample and add 100 µL of the Mixed
Stock Standard (100 mg/L) into an autosampler vial.

7.4.2 Lab Fortified Blank (LFB) – 0.40 mg/L
7.4.2.1

Pipette 4.00 mL of DDI water and 100 µL of the Mixed Stock Standard
(100 mg/L) into an autosampler vial. The final concentration is 0.40 mg/L.

7.4.3 Lab Reagent Blank (LRB)
7.4.3.1

8

Pipette 4.00 mL DDI water into the vial marked LRB.

PROTOCOL

Refer instrument manuals for detailed instructions on operation of the DX-100 (IC#1),
ICS-90 (IC#2), autosampler, and integrator systems. The integrator should be
programmed and the instrument should be set up and adjusted for normal operation
prior to analysis. A copy of the autosampler program and integrator method file is listed
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in section [XX].
8.1

SUGGESTED OPERATIONAL ORDER
•

Remove any previously prepared solutions from cold storage to warm to room
temperature prior to use.

•

Degas DDI reagent grade water to prepare regenerant solution

•

Prepare regenerant solution

•

Degas DDI water to prepare eluent solution

•

Prepare eluent solution

•

Start instrument to equilibrate (~35-40 minutes)
o Follow prescribed order: gas > autosampler > instrument > computer

•

Prepare Mixed Anion Solution, calibration standards, and samples

•

Prepare sequence on instrument

8.2

SYSTEM START-UP AND EQUILIBRATION

8.2.1 Transfer freshly prepared eluent and regenerant solution to the 2 liter reservoirs
located on the ICS-90. Ensure that all tubings and lids are properly secured.
8.2.2 Turn on helium gas at the cylinder. Ensure appropriate gas pressure levels:
8.2.2.1

The cylinder regulated gas pressure should be 80-120 psi

8.2.2.2

The gas pressure at the eluent reservoir should be 5-10 psi

8.2.3 Check to see that pump flow rate dial is set to 200 (2.00 mL/min)
8.2.4 Open the Chromeleon software by clicking the desktop icon
8.2.5 Open the operation setup by navigating the file explorer:
Dionex templates > Panels > Dionex_IC > ICS_90 Panels > ICS90_system_AS40
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8.2.6 Connect to Timebase
8.2.6.1

Locate ‘Control’ in the top ribbon. In the drop down menu, select
‘Connect to Timebase’

8.2.6.2

When the Properties panel appears, expand ‘My Computer’ and select the
‘ICS90_1’ time base. Click OK.

8.2.7 In panel: click ‘CONNECT’ > Pump On
8.2.8 Eluent pressure should increase to around 1200-1400 psi (1400-1500 psi for ICS90) within the first 30 seconds or so of pump operation. You can monitor
pressure more closely by pressing and holding the PSI button. Continue to note
the eluent pressure for the next 2-3 minutes. If pressure drops, or does not
remain between 1400-1800, the pump will need to be primed (See 8.2.9)
8.2.9 Prime the pump (if needed)
8.2.9.1

The prime valve is mounted on the pump head (See Section 13, Figure 1).
To open the pump valve, turn the knob counterclockwise about 1.5
turns. The instrument pressure will drop. Hold the valve open for about 5
seconds, then turn the knob clockwise until finger tight.

8.2.9.1.1

Be sure not to turn the knob too tight, or the glass inside can be broken.

8.2.9.2

Repeat until conductivity is close to zero and pressure is between 14001800 psi.

8.2.10 Check that the pump is closed all the way and ensure there is no liquid leaking
from the instrument. When the pump is primed it is normal to see bubbles in the
tubing below the pump. The tubing connected to the “regen out” should always
be full with no bubbles.
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8.2.11 Adjust Range to read 100 µS full scale on the front panel. Note conductivity
displayed on the front panel of the analyser. It should start out high (possibly off
scale) and begin to drop and eventually read between 25-35 µS. Press Low
Limit button to automatically shut the pump off if pressure drops below 200 psi
during a run. Allow conductance to stabilize for 30-60 minutes before proceeding
with your analysis.
8.3

STANDARD/SAMPLE PREPARATION

8.3.1 Calibration Standards
8.3.1.1

Label six autosampler vials (0.20, 0.50, 1.00, 3.00, 5.00, & 10.0) for
calibration standards. Transfer a portion of each freshly prepared
calibration standard solution to its respective vial.

8.3.1.2

If running more than 14 samples, prepare an additional set of calibration
standards.

8.3.2 Full Strength Samples
8.3.2.1

For each sample, label an autosampler vial with the appropriate Lab ID #.

8.3.2.2

Filter all samples using 0.45 µm membrane filters before injection into
labelled autosampler vial.

8.3.2.2.1

Rinse a clean 10cc syringe by filling and discarding three 5 mL portions of
sample. Fill syringe with sample and attach clean syringe filter holder with
fresh membrane filter. Flush membrane and holder by pumping ~10 mL of
sample through to waste. Fill syringe again and inject contents into the
autosampler vial designated for the full strength sample to fill mark (5
mL). Repeat this procedure for all samples to be run.
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8.3.3 Diluted (41x DF) Samples
8.3.3.1

For each sample, label an autosampler vial with the appropriate Lab ID#
and “41x”.

8.3.3.2

Pipette 4mL DDI water into each autosampler vial for the diluted samples.

8.3.3.3

Pipette 100 µL of sample from the full strength vial into the vial marked
for the diluted sample containing 4mL DDI water. Repeat this procedure
for all samples, using a clean pipette tip for each sample.

8.3.4 Quality Control Samples
8.3.4.1

LD: For the selected sample, create an additional (duplicate) autosampler
vial to be measured.

8.3.4.2

LFM: Pipette 4.00 mL of selected sample into an autosampler vial. Then,
pipette 100 µL of the Mixed Stock Standard (100 mg/L) into the vial.

8.3.4.3

LFB: Pipette 4mL DDI water followed by 100 µL of the Mixed Stock
Standard (100 mg/L) into a labelled autosampler vial.

8.3.4.4

LRB: Pipette 5mL DDI water into a labelled autosampler vial.

8.3.5 Using an insertion tool, insert a cap to seal each autosampler vial. At the
appropriate depth, the top of the cap will be flush with the lip of the vial.
8.3.6 Invert the diluted samples several times to mix contents.
8.3.7

Arrange the sealed autosampler vials in the sample cassettes.

8.4

LOADING THE AUTOSAMPLER

8.4.1 Press the Run/Hold button on the autosampler to place it in "Hold" mode.
8.4.2 To load the sample cassettes, press and hold back the spring-loaded cassette
pusher.
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8.4.3 Place filled sample cassettes into the autosampler tray with the black dots to the
right.
8.4.3.1

Note: Vials move under the sampler head from right to left, so vial 1 in
the cassette should be the vial closest to the sampling head.

8.4.4 Once the cassettes are in place, allow the pusher to slide forward into place
against the last cassette.
8.5

RUNNING THE INSTRUMENT

8.5.1 Create the sequence for the run. The sequence file should contain the following,
in order:
8.5.1.1

3 Blanks

8.5.1.2

Calibration Standards (0.20, 0.50, 1.00, 3.00, 5.00, & 10.0)

8.5.1.3

Diluted (41x) Samples (up to 14)

8.5.1.4

Blank

8.5.1.5

Full Strength (1x) Samples (up to 14)

8.5.1.6

Blank

8.5.1.7

Quality Assurance Samples (LFB and LRB)

8.5.1.8

Repeat 8.4.1.2-8.4.1.7 for additional samples (up to 14)

8.5.1.9

Shutdown File

8.5.2 To add new samples, right click the mouse in a row and select “insert sample”
from the dropdown menu.
8.5.2.1

Label all samples by their Lab ID number.

8.5.2.2

Make sure to change the type of sample to ‘standard’ for standards and
‘unknown’ for all MDLs, QA/QC, and samples.
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8.5.2.3

Ensure that the numbers in the “position” column correspond to the
actual position of the vials.

8.5.2.4

All samples should say ‘Single’ under the “Status” column.

8.5.3 The last sample should always be a ‘Shutdown’ which commands the program to
shut off automatically at the end of the run.
8.5.3.1

NOTE: The gas tank and instrument/autosampler power still need to be
turned off manually at the end of the run!

8.5.4 Save this file as ‘YEARMODA_batchnumber’. For example: 20180126_W18105
8.5.5 Before the run, click ‘autozero’ button on the left side of the control screen to
autozero the conductivity reading. Record the new conductivity and pressure
information in the lab notebook.
8.5.6 Press the Run/Hold button to move the first standard vial under the sample head
and ready it for injection. [Press ‘Run’ in the instrument panel].
8.5.7 To start the computer program, click on ‘Batch’ on the top menu ribbon and then
click “Start”. The samples should the begin running through the autosampler.
8.5.7.1

The software window with the sample list will highlight the status of the
samples as ‘Running’ or ‘Finished’.

8.5.8 Compare the retention times of each peak as it elutes to the retention time listed in
Table 3 below. If it is different by more than +10%, it will need to be updated. For
example, the retention time for Cl- listed in the component table given in section
12 is 1.3 minutes, which yields a retention time "window" of 1.3+0.13 minutes, or
between 1.17 and 1.43 minutes. If any observed retention times fall outside the
retention time windows computed from the component table, then the time for
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that component must be updated before the run is completed by typing
RT(n)=x.xx, where "n" is the component number (1 for Cl-) and "x.xx" is the new
retention time printed on the current chromatogram.
Reagent

Retention Time

Fluoride

2.840 min.

Chloride

3.993 min.

Nitrite

4.740 min.

Bromide

6.033 min.

Nitrate

6.937 min.

Phosphate

8.400 min.

Sulfate

9.950 min.

8.5.9 If the samples do not match the correct peaks, you can manually change them by
clicking on the yellow icon on the top of the screen that says “QNT Editor”.
8.5.10 Once the data is edited, check the coefficient for each sample. Accurate results
should be above 95%.
8.6

PRINT RESULTS
1.) To print results, highlight all samples on browser and right click “batch report”.
Then click “format à default” (based on preferences) and “printer à XPS
document (don’t select any other printer)”. Make sure to upload files to the Box to
keep saved.

8.7

TURNING OFF THE INSTRUMENT

8.7.1 Once all samples are finished, the software should automatically turn the pump
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off if a ‘Shutdown’ command was included in the sample list.
8.7.2 Turn off the instrument and autosampler using the switches on the back of the
instrument.
8.7.3 Check the gas level; if gas is running low, be sure to order a new tank on Quartzy
or to notify appropriate staff. Then turn off the gas by turning the knob clockwise.

9

DATA REDUCTION AND STATISTICS

9.1

CALCULATIONS

9.2

STATISTICS

9.2.1 Use the reporting worksheet available in Box (Lab Manual > Part 5 – Supporting
Files > 10 IC) to summarize the information from the IC output.
9.2.2 Concentrations printed on the chromatogram reports should already be corrected
for dilutions. Check that all concentrations reported for the full strength samples
are between 0.1 and 10 mg/L and that concentration for the diluted samples fall
between 10 and 410 (10 x 41) mg/L. Reporting concentrations outside the
calibration range is not recommended, however, it is advisable to compare anion
concentrations in the full-strength sample to the diluted sample in the range from
10 to 40 mg/L. If there is a large difference (>20%) in the two results, it will be
necessary to re-analyze the sample.
9.2.3 If anion concentrations greater than 410 mg/L are encountered, the sample
should be rerun at a greater dilution. For example, using a 50 µL sample volume
with 4.00 mL DDW, (50/4050 µL) gives an 81X dilution factor and allows
concentrations between 81 and 810 mg/L to be determined within the calibration
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range.

10

QUALITY ASSURANCE

MDL

Fluoride

Chloride

Nitrite

Bromide

Concentration (mg/L)
0.2

0.185

0.268

0.180

0.213

0.2

0.194

0.269

0.180

0.211

0.2

0.190

0.284

0.178

0.21

0.2

0.197

0.271

0.183

0.215

0.2

0.185

0.275

0.179

0.212

0.2

0.186

0.266

0.181

0.213

0.2

0.193

0.288

0.178

0.209

0.2

0.202

0.285

0.178

0.207

0.27575

0.179625

0.21125

SD 0.006164414

0.008680849

0001767767

0.00254951

MDL 0.018480913

0.026026186

0.005299765

0.00764343

2.998

2.998

2.998

1.37875

0.898125

1.05625

AVG 0.1915

Students’ T 2.998
Recovery 0.9575

11
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