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Abstract

Background: Exposure to nitrate and nitrite in high concentration is associated with various health
issues in humans such as methemoglobinemia, gastric and bladder cancers. Surface and ground
water is vulnerable to nitrate and nitrite contamination which can have a significant impact to
communities that use the water for consumption. Methods: lon chromatography analysis of nitrate
and nitrite degradation over time in well water from Abbotsford-Sumas Aquifer was performed in
an analytical chemistry study. Nitrate and nitrite test strips marketed for testing drinking water were
also used and results were compared to ion chromatography results. Results: Test strips used were

unable to detect the level of nitrate/nitrite in the well water sample drawn from the Abbotsford-
Sumas aquifer. lon chromatography, IC, methods were able to detect measurable amounts of
nitrates which resulted from concentrations of 1.17 mg/L NOs as N to 1.13 mg/L NOz as N from
day 0 to 31 of the sampling date. The concentration decreased 0.04 mg/L NOs as N over 31 days.
Nitrites tested by IC were below the detection limit. Conclusion: In regards to nitrates, the MOE
holding times are justified in that the concentrations were statistically different (p = 0.0001) from
day 0 to day 31 from the sampling date indicating a change of concentration of the chemical due to
time. However, the difference was not of a magnitude that may impact public health
practices/policies. Test strips comparisons with EPA 1C methods were non-conclusive since test
strips were unable to detect measurable amounts of nitrate/nitrites. Future studies of nitrate
concentrations with respect to chemical and biological components in water may lead to a greater
understanding of its change in the environment and thus its association with other potential health

hazards.
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Introduction:

In the Waterloo Region of Ontario, the public health unit
launched a private well water testing initiative. In order to help
promote nitrate testing for private well owners, the health unit
made nitrate test strips available for free of charge. The intent
was to have owners test nitrates regularly as nitrates could
seep into the drinking water source from malfunctioning septic
systems (Cambridge, 2007). Nitrate can come from various
sources such as “animal waste, private septic systems,
wastewater, flooded sewers, polluted storm water runoff,
fertilizers, agricultural runoff and decaying plants” (CDC,
2010). Thus nitrate is an indicator of possible E.coli 0157:H7
contamination due to nitrate and E.coli’s association with fecal
matter. In an interview with Doug Quibell, manager of
environmental health and lifestyle resources in the Waterloo
Region at the time (currently the NW Area Manager for Public
Health Protection at Northern Health in BC), he stated that
exposure to well water with high nitrate concentration can

have serious health implications such as sudden infant death
syndrome (Cambridge, 2007).

The source of increased nitrate contamination to the
environment not only may originate from failing septic
systems but could also be associated with the increased
amount of agriculture in the latter half of the past century.
Fueled by the need for munitions for the German army in
World War 1, the mass production of ammonia eventually
found wide use in the agriculture industry as a fertilizer.
Fertilizer from this anthropogenic process was estimated to
provide for a third of all human populations (Wolfe, 2001).
Runoff from fertilizers, however, could be a major source of
man-made nitrate and nitrite contamination as ammonia
oxidizes to these chemical species in the nitrogen cycle
(Chang R., Cruickshank B., 2005). The increase of nitrate in
the ocean may contribute to marine phytoplankton growth
and cause an algae bloom also known as red-tide. The



effects of red tide can devastate aquatic life and also be a
major contributing factor for paralytic, amnesic, and
diarrhetic shellfish poisoning. This complex environmental
issue with algae blooms in regards to nitrate contamination
is just one example of many of which are beyond the scope
of this research paper.

Nitrate and nitrite concentrations were listed under the
guidelines for Canadian drinking water quality [GCDWQ)]
(Health Canada, 2012), to have a limit of 45mg/L and 3.2
mg/L respectively and it should be noted that the approval
of these limits occurred in 1987. These parameters were of
particular importance in drinking water because exceeding
these maximum acceptance concentrations may increase
health risks; it has been documented to be associated with
infant death from methemoglobinemia (Comly, 1945) as
well as induce gastric (McKnight, Duncan, Leifert, &
Golden, 1999) and bladder cancer (Mostafa, Sheweita, &
O’Conner, 1999) in adults.

With public health concerns surrounding nitrate and
nitrite it is no surprise that there are several available
methods of testing for nitrate and nitrite levels. This study
assessed the accuracy of inexpensive nitrate and nitrite test
strips marketed for testing drinking water, swimming pool
water, and aquarium water by comparing the test strip
results with methods used by accredited laboratories as well
as to aid in the understanding of nitrate and nitrite change
over time in water which may or may not justify the
Ministry of Environment (MOE) holding times for these
tests.

The purpose of this research paper was to compare the
accuracy and precision of nitrate and nitrite test strips
commercially available to the general public against an
approved EPA method utilizing ion chromatography. In
addition, this study also determined if there was a statistical
difference between nitrate and nitrite concentrations in an
environmental sample after 3 and 31 days from the sampling
date to confirm the validity and rationale for Health
Authorities to conform to standardized BC Ministry of
Environments holding times when sampling.

Literature Review:

Water is vital in sustaining a healthy life as it is a crucial
chemical for metabolic processes in the body. In addition,
water provides humans a solvent for other solutes required
to sustain life. A water source free of microbiological and
chemical contaminates will reduce waterborne disease.

Drinking Water Legislation

Drinking water systems in British Columbia (BC), are
permitted by drinking water officers or delegated health
officers as required by the Drinking Water Protection Act
(IDWPA], 2013). Moreover, permits have set conditions

which need to be met for the water systems to legally
operate. These conditions include the number of samples to
be taken for testing per month as prescribed by schedule B
of the Drinking Water Protections Regulations ([DWPR],
2013). These samples are sent to laboratories which are
approved by the provincial health officer for tests to
determine if the water is potable or not.

Current regulations in BC’s DWPR, Schedule A,
entitled “Water Quality Standards for Potable Water” under
the DWPA only states microbiological parameters for
drinking water (DWPR, 2013). According to regulation, as
long as the water contains no E.coli or fecal coliforms per
100 mL of sample and with a maximum limit 10% of total
coliforms in the samples or less than 10 colony forming
units (CFU) per 100 mL of sample it is considered potable
water. Since there are no chemical parameters in this
schedule, a sample with toxic levels of nitrates or nitrites
could still be considered legally potable as long as the
microbiological requirements are met.

Addressing the lack regulations with respect to other
parameters mentioned is accomplished through guidelines.
Health Canada establishes the GCDWQ (Health Canada,
2012) which includes additional microbiological, chemical,
physical, and radiological parameters not covered in
provincial legislations. These guidelines are not regulations,
however, through BC’s Public Health Act ([PHA], 2013) a
health officer has the power to declare a health hazard if he
or she has significant evidence (e.g. not passing these
guidelines) that it may exist. Ultimately, it is the discretion
of the officer to take the appropriate actions.

Guideline for Drinking Water Quality (GCDWQ)
Criteria of N/N

Surface and ground water is vulnerable to nitrate and nitrite
contamination which can have a significant impact to
communities that use the water for consumption. Maximum
allowable concentration (MAC) values for nitrate and nitrite
concentrations for drinking water are listed under the
GCDWQ (Health Canada, 2012) to have set limit of 45mg/L
and 3.2 mg/L respectively. Alternatively, nitrate and nitrite
MAC values can also be listed as 10mg/L as N or 1 mg/L as
N respectively and these values reflect the same
concentration levels as the latter, however, a stoichiometric
factor (conversion factor based on molecular weights) has
been applied. Levels below these values are considered safe
for normal daily consumption. According to the guideline
these “Health-based guidelines are established on the basis
of comprehensive review of the known health effects
associated with each contaminant, on exposure levels and on
the availability of treatment and analytical technologies.”
The GCDWQ (Health Canada, 2012) is therefore a key
document for environmental health officers to use in
determining health hazards associated with drinking water.



Enforceable Regulatory Criteria of N/N

Waste water can contain excessive amounts of nitrate and
nitrite contamination depending on the industrial process.
Schedule 6 entitled “Generic Numerical Water Standards”
in the Contaminated Sites Regulation under the
Environmental Management Act ([EMA], 2013) states that
the effluent waste water from these industrial processes
must not exceed 10,000 ug/L for nitrate as N, 10,000 ug/L
for nitrate and nitrite as N, and 3,200 ug/L for nitrite as N to
protect drinking water. These standards, however, are
enforced by conservation officers.

The Health Threat of N/N

Direct studies on the health threat of nitrate and nitrite have
revealed that nitrite is more toxic than nitrate. When
comparing the lethal dosage of the anions, nitrite has a
lower LD50. In a study with mice, the LD50 of sodium
nitrate and sodium nitrite was 1600-9000 and 85-220 mg
per kilogram per body weight of mice, respectively (World
Health Organization [WHOQ], 2011). In humans, nitrate
toxicity may be due to its reduction to nitrite. This may be
due to nitrites association with disrupting normal
hemoglobin formation causing methemoglobinemia and
gastric cancers.

Exposure to nitrates in high concentration is associated
with various health issues in humans. The transformation of
nitrate to nitrite in the body has been associated with gastric
(McKnight et. al, 1999) and bladder cancer (Mostafa et. al,
1999). High nitrates in drinking water have been associated
to methemoglobinemia, also known as “blue baby
syndrome” (Comly, 1945).

Gastric cancer has been associated with nitrites in water
which is a product of nitrate reduction. Studies have focused
on nitrate-reducing bacteria’s ability to reduce nitrates to
nitrites in the oral cavity (Isaacson et. al, 1991) which then
would increase the production of N-nitrosamines a well
known carcinogen in animals (Archer, 1989). However,
other studies also have shown that this reduction of nitrites
in the oral cavity is beneficial as they are precursors to
compounds such as nitric oxides which are important to
overall host defense and normal physiological homeostasis
(McKnight et. al, 1999).

Bladder cancer is another condition associated with
nitrates. Nitrates in urine are normally excreted from the
body and no reduction to nitrite usually takes place in
healthy individuals. However, there is an increased risk
when the individual has a Schistosoma haematobium
infection in the bladder (Mostafa et. al, 1999). The
mechanism of the chronic infection that has been proposed
is that increased nitrate reduction from the parasite enhances
carcinogenic N-nitrosamines due to the increase of nitrite
concentration in the bladder (Badawi, 2000).

Methemoglobinemia is a condition where about 15% of
hemoglobin has been converted into methemoglobin in the
circulatory system (Avery, 1999) leading to symptoms of
cyanosis, and an increased risk of death as the percentage of
methemoglobin increases. Hemoglobin is converted to
methemoglobin through oxidation of the iron group making
it unable to exchange oxygen in the body. The human body
does produce methemoglobin-reductases to reduce
methemoglobin, however, deficiencies of these enzymes
does occur in the human population. Infants are a part of the
population that lack methemoglobin- reductase and it is not
until approximately 6 months from birth that they can
produce adult levels of the enzyme (Lukens, 1987).

Previous Research

Past studies have shown that concentrations of chemical
compounds increased after boiling. In one study it was
shown that boiling water would increase the concentration
of nitrate in the water (Cranch, 2005). In a second study it
was shown that arsenic also increased in concentration after
it was boiled over a given amount of time. Both of these
chemicals can be found in the GCDWQ with maximum
acceptable concentrations (MAC) of 45 mg/L and 0.010
mg/L respectively. In the study that showed arsenic
increasing, the researcher took environmental drinking
water samples a First Nations reserve (Upper Nicola Band)
near Merritt, B.C that was on a boiling water advisory
(BWA) (Maze, 2007). What was found that without boiling,
arsenic levels were within the limits of the guideline;
however, after boiling the values were greater than its’
MAC (Maze, 2007) which is specifically based on arsenic
carcinogenicity. Although in the GCDWAQ it states that:

“In general, the highest priority guidelines are those
dealing with microbiological contaminants. Any
measure taken to reduce concentrations of chemical
contaminants should not compromise the effectiveness
of disinfection.”

Chronic exposures to chemicals over the MAC should be
considered in the decision of a BWA in BC especially in
those communities that are on long term BWAs.

Abbotsford-Sumas Aquifer

The Abbotsford-Sumas Aquifer is a ground water source
shared by British Columbia and Western Washington that is
impacted by agriculture activity and known to have high
levels nitrates in rural wells (Ministry of Environment
[MOE], 2007). This trans-boundary drinking water source in
BC’s side is approximately 100 square kilometers between
Aldergrove Lake Park and Riverside Road south of the
trans-Canada highway and is susceptible to contamination
(City of Abbotsford, 2013). According to the MOE the
sources of nitrate in this area includes “leaching of chemical
fertilizers, leaching of animal manure and groundwater
pollution from septic and sewage discharges” (MOE, 2007)



which are all non-point sources. A study of nitrate in the
Abbotsford-Sumas Aquifer found from Western
Washington University found levels ranging from 10 to 25
mg/L of nitrate indicating that nitrate was transported from
BC to Washington State (Mitchell, 2004).

Test strips

Although there are regulations and guidelines pertaining to
nitrate and nitrite concentration limits in drinking water,
there are other reasons to test for nitrate and nitrite
concentrations in other situations such as in swimming
pools. Available diagnostic tools used in some swimming
pools are nitrate and nitrite test strips. Aquachek®
Nitrate/Nitrite test strips made by Hach are advertised to
“Check nitrate/nitrite levels if you are seeing excess
chlorine demand. A positive nitrate test also indicates the
potential for algae growth. Dip and read test strips give
results for both in less than one minute (Aquachek, 2013).”
This is a rapid and inexpensive test to test for nitrates for
pools.

Industry Best Practice for Sampling

Both drinking water and waste water samples should be sent
to approved laboratories for water quality testing in the
appropriate conditions. The BC Ministry of Environment
(MOE) has set a 3 day holding time for nitrate and nitrite
analysis and this is based on nitrites readily converting into
nitrates due to nitrite oxidizing bacteria in water
(Abeliovich, 2007). In addition, the container type should be
plastic or glass and be held at less than or equal to 6°C
during transportation to the laboratory in order slow down
the oxidation reaction. Without following these conditions
results may not be accurate.

Methods and Materials

Dionex 1CS-2000

The Dionex ICS-2000 (Dionex, 2008) is an ion
chromatography (IC) system which allows for the separation
of anions in solution based on differences on individual
anion conductivity (measured in uS — micro Siemens) as the
sample elutes over a period of time (K. Soulsbury, personal
communication, October 24, 2013). Full description of the
inner workings of the Dionex 1CS-2000 was found in the
Dionex 1CS-2000 operator’s manual.

The Dionex AS40 autosampler, was pre-loaded with
multiple samples in rows of cassettes. Each cassette held 6
disposable vials with filter caps containing samples. The
autosampler’s max capacity was 11 cartridges totaling 66
samples; however, as the sample run progressed more
cassettes were added increasing its capacity (K. Soulsbury,
personal communication, October 24, 2013). Coupled with
the Dionex 1CS-2000, once fully loaded, the system was
fully automated without supervision. This was practical

because each sample took typically 15 minutes each to run
(K. Soulsbury, personal communication, October 24, 2013).

HACH® Nitrate and Nitrite Test Strips

Nitrate and Nitrite test strips are safe, affordable and quick
to determine general respective levels in well water. Each
test strip has 2 areas to indicate nitrate and nitrite
concentration. These areas change colour after submersion
of the strip into sample solutions which is then matched to a
colour chart that corresponds to concentration. The Hach®
website (Hach, 2014) states that the concentration range for
each anion is 0-50 and 0-3.0 ppm as N respectively.
Furthermore, the manufacture states that the incremental
steps in concentration are 0, 1, 2, 5, 10, 20, 50 ppm / 0, 0.15,
0.3,1, 1.5, 3ppmas N respectively (Aquachek, 2013).
These test strips according to Hach are approved by the
Environmental Protection Agency (EPA, 1993).

Disposable test strips for nitrate and nitrite are widely
available to determine nitrate and nitrite concentrations in
water. Advantages of using test strips is that (a) it is
relatively inexpensive (b) it is extremely fast (c) it can be
performed in the field and (d) it does not require extensive
laboratory training. The fact that it is done in the field
removes the transportation issues involved in sending it to
the laboratory. The speed of result is great to screen for
nitrate or nitrite levels and thus appropriate decisions can be
made quickly. Also extensive laboratory training is not
required and so this means that the general public is able to
quickly ensure nitrate and nitrite levels are acceptable —this
is especially useful in remote areas of BC. The
disadvantages, however, are that test strips have a limited
lifetime (Capitan-Vallvey, Avidad, Ferndndez-Ramos, &
Avriza-Avidad, 2002), the results from matching the test strip
to the colour chart is subjective and the detection limit is not
as low as compared to other standard methods.

Methods

Sampling Techniques:

A 10 L well water sample was measured for nitrate/nitrate
over 3 time periods (day O, day 3 and day 31) with HACH
test strips (Hach, 2014) and Dionex 1CS-2000 lon
Chromatography. At approximately day 3 the sample was
measured again with test strips and ion chromatography
simultaneously. On day 31 the same testing procedures as
on day 3 was repeated.

Standard Methods 4110B for N/N procedure:

lon chromatography is a proven method for the
determination of nitrate and nitrite in water. The 21 edition
of Standard Methods for The Examination of Water and
Wastewater includes method 4110 B entitled “lon
Chromatography with Chemical Suppression of Eluent
Conductivity” (Standard Methods, 2005) for the use of ion
chromatography to determine such anions and is approved
by the US Environmental Protection Agency (EPA). The



methods that include ion chromatography (IC) used for the
determination of nitrate and nitrite in water are EPA Test
Method 300.0 and Standard Method (SM) 4110 B.

Reliability and validity of measures

Reliability was ensured with low detection limits, R square
value was greater than 95% for calibration curves,
consistency in carrying out procedure, and with a consistent
homogeneous representative sample. Validity was ensured
with secondary standards, replicates and blank solutions.

Calibration of instruments

With multiple dilutions and multiple chromatograms, the
integration (area under each peak representing an anion) as a
function of known concentration to calibrate the ion
chromatography was plotted. Once calibrated with known
standards it was used to quantitatively determine the
concentration of ions of interest in environmental samples.

It was standard practice to calibrate the instrument with a
multi-ion standard containing anions such as NO;", Br", CI,
F, NOs, PO,*, and SO,”.

Sampling

Sampling was done on December 16" 2013. One large 10L
single fresh environmental sample with measurable amounts
of nitrate and nitrite was taken from the well where all the
tests were to be conducted on it over a period of time.
Permission was granted to use well water from a private
residence home with the address of 26488 13 Ave Langley
BC that was drawing water from the Abbotsford Sumas.
The well tag no. was 77794 with a well depth of 171m,
diameter of 6m water depth of 30m. To confirm that the
well was drawing from this aquifer the address was cross
referenced to BC’s ground water well and aquifer database.
Soon after sampling commenced, analysis began
immediately with test strips and ion chromatography. The
data collected was then analyzed for the research project.

Results

Description of data type

The type of data that was measured was numerical. This was
because the concentration of nitrate and nitrate were
concentrations and was measured in mg/L or parts per
million (ppm). Concentrations were measured on a
continuum.

Descriptive statistics

Utilizing NCSS 9 (Hintze, J., 2013) descriptive statistics
and Excel (Microsoft, 2007) for data input, results were
produced from the ion chromatography data for nitrates and
nitrites for both day 3 and 31. Similarly, respective data was
produced with test strip data with the addition for day 0. The
mean and standard deviation for the data for each data set
were shown in the tables below:

Table 1: lon chromatography nitrate and nitrite
concentrations

NO;] | [NO:] | [NOs] | [NOa] day 0 | [NO4] | [NOA]
dav 0 dav 3 dav 3l dav3 | dav3l
Meaan 1.17 1.13 1.13 < Detection | <DL =DL
Lirmnit (DL}
Std Dav 0.047 0.027 0.013 N/A N/A N/A
Variance | 00022 | 0.00073 | 0.00016 | N/A N/A N/A
Stderror | 00087 | 0.0049 0.0023 N/A N/A N/A
Mods NA NA NA NA NA NA
Madian 1.17 1.16 1.13 N/A N/A N/A
R g 019 0.083 0.049 N/A N/A N/A
A 1.00 1.10 1.10 N/A N/A N/A
128 1.18 1.13 N/A N/A N/A
30 30 30 30 30 30
Table 2: Test strip nitrate and nitrite concentrations
MO [NOs] [NO;] [[NOa | NOi] | NOu]
day0 | dav3 dav 31 [ day0 dav 3 day 3l
Mean <DL | <DL <DL <DL <DL <DL
Stal Dev NA NA NA NA NA NA
Variance | NA NA NA NA NA NA
Sidsrror | WA N'A NA NA NA NA
Mode MNA NA NA NA NA NA
MNA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
MNA NA NA NA NA NA
30 30 30 30 30 30

Inferential statistics
Scenarios 1 through 4 utilized the one way analysis of
variance, ANOVA.

Table 3: Null and Alternate Hypothesis for one way analysis
of variance ANOVA

H,: Hi:
Scenario | [NOs]rsro = [NOslrs. | [NOs]ys.o # [NOs]rs.
1 13 = [NOs] 15131 13 # [NO3] 15131
Scenario | [NOglrsro = [NOzlrs. | [NO2]vs.ro # [NOzlvs.
2 13 = [NO] 1131 13 # [NO2] 15131
Scenario | [NOg] ic.to = [NOg]c. | [NO3] 1o # [NOg] ic.
3 3= [NOs] ic.131 137 [NO3] ic.131
Scenario | [NO] ic.to = [NOo]ic. | [NO] o # [NO] ic.
4 13= [NO] ic.131 137 [NO2] ic.131

*where TS denotes test strip, IC denotes ion chromatography,
*where TO, T3 and T31 denotes day 0, 3 and 31 respectively

*where [NO3] and [NO2] are mean values

Statistical package

The statistical package utilized to calculate one way analysis
of variance ANOVA results for the scenarios above is
NCSS 9.

Interpretation of results
The data for scenario 3 was determined to be parametric
since there was no rejection of normality as shown from the



results; therefore, the “Normal-Scores Tests” was used. The
result from ANOVA table shows p = 0.000011 (or P < 0.05)
and a power of 99.7%. This implies that Hy: [NO3] jc.1o =
[NO3] \c.13= [NOgz] \c.131 must be rejected and thus Ha
should be accepted that there is a statistically significant
difference between all the mean concentrations of nitrate.
Since probability value is 0.000011 or P < 0.05 it is not
necessary to consider alpha and beta errors.

Since the ANOVA findings were significant (i.e. p <
0.05 where P = 0.00011 in this case) the Scheffe’s Multiple-
Comparison Test was used. It was found that nitrate at time
zero using the ion chromatography EPA method was
different from all groups. In addition, it was found that the
nitrate concentrations found using the ion chromatography
on day 3 and 31 were statistically not different; however, the
nitrate concentrations found using ion chromatography on
the day 3 and 31 were statistically different than what was
found on day 0.

Table 4: ANOVA tabulated Results

Null Hypotheses (Ho) | Probability | Power
level (%)

(p<0.05)

Analysis

There is no difference N/A N/A N/A
in [NO3] using test
strips between day 0, 3
and 31.

There is no difference N/A N/A N/A
in [NO2] using test
strips between day 0, 3
and 31.

There is no difference 0.000011 99.7 Reject
in [NO3] using IC Ho
between day 0, 3 and
3L

There is no difference N/A N/A N/A
in [NO2] using IC
between day 0, 3 and
3L

Discussion

Previous research done at BCIT found that boiling water
increased the concentration of nitrates found in drinking
water (Cranch, 2005). However, the change in nitrate
concentrations found in this research project suggests that
nitrate concentration can also change over time without
boiling. Although it was not determined what had caused
the change the fact that it had changed in cold storage over
time is an issue to consider when analyzing drinking water
samples nitrate concentrations. Whether it is drinking water
samples that have been sitting passed their holding times or
samples that have been boiled, both are not going to be
representative samples.

The Analysis of Variance test, ANOVA, was the
statistical analysis selected to determine if there was a
statistical difference between test strips and the standard ion
chromatography EPA method when determining
nitrate/nitrite concentrations in the well water sample.
However, since the test strips were unable to detect the
levels of nitrate/nitrite in the water and with the nitrite levels
being too low for the ion chromatography method it was not
possible to evaluate scenarios 1, 2 and 4 since the variables
involved in the ANOVA for these scenarios were related to
the non-ideal results. Thus no further analysis could have
been done.

Although there were statistically significant differences
between nitrate levels found in the well water sample
between the day 0, 3 and 31, this difference would not be of
significant public health concern. The difference is minimal
with the mean shifting from 1.17 to 1.13 mg/L nitrate as N
in the well water sample over 31 days. This minimal
difference does technically mean that concentration of
nitrate will change over time which would justify the
rationale for BC’s MOE holding times. However, since the
MAC value is listed as 10 mg/L nitrate as N, the difference
in 0.04 mg/L would have not been large enough to
significantly change concentrations of samples near the
MAC value if the sample was tested for nitrate 31 days after
it was sampled assuming this research study results can be
generalized. Thus, if a well water nitrate test sample had
passed MOE holding times it would still yield an acceptable
result from a public health standpoint.

The minimum requirement for water to be deemed
potable by a health officer is by ensuring that the water
passes bacteriological tests from an approved laboratory
since current regulations in BC’s DWPR, Schedule A,
entitled “Water Quality Standards for Potable Water” under
the DWPA only states microbiological parameters for
drinking water (DWPR, 2013). Current routine practice for
well water testing through health authorities in BC, if
provided to the public, is a bacteriological test that is usually
contracted out to BCCDC water laboratories which do not
include chemical tests such as nitrate. Nitrate testing in BC
for private drinking well water systems is not legally
required. Furthermore, if a standardized nitrate test is
requested in addition to the minimum required
bacteriological test for a drinking water sample, then there is
generally low probability of going over MOE holding times
for nitrate since the bacteriological holding time for
drinking water is 30 hours which is less than MOE holding
time for nitrate.

Recommendations

To address the limitations of detecting nitrite in this study,
one could find a water sample with a known amount of
nitrite. To ensure this, a diagnostic test using a test strip on



drinking water wells could be done before selecting the
actual test well.

Limitations

A possible limitation would be if the sample had been
boiled prior to analysis. This would have caused a positive
bias in the results. Since the sample was not boiled there
would have been no increase in the nitrate concentration
caused by boiling.

Test strips were unable to detect the concentration of
nitrate/nitrite in the drinking water sample used in this
research study. This was because the concentrations of
nitrate/nitrite were too low for the test strips to detect. The
test strips range for nitrate was 0-50 mg/L as N which is a
useful range since the MAC level falls within this range at
10 mg/L nitrate as N. Although the results found by the IC
ranged from 1.13 to 1.17 mg/L the test strips failed to detect
nitrate even though the values were within the test strips
range. The test strip changes color from clear to pink when
dipped into water with nitrate in it. The amount of nitrate in
the water is correlated to the intensity of the colour pink
found on the test strip. The colour that was observed at time
of the experiment was that of no colour change. Since this
observation was conducted by visually it was subject to
human error as the perception of seeing colour between
individuals may vary. In this case the intensity of pink may
have been so low that it may have been easily mistaken as
no colour change which correlates to a value less than the
detection limit of the test strip. The results from this
research study did not invalidate the use of test strips for use
public health applications since they are just a diagnostic
tool. Test strips are useful to give a general idea of the
concentration of nitrate. However, if the nitrate
concentration is near the MAC level an EPA method should
be used to determine if it is greater or less than the MAC
level.

Unfortunately due to the initial low nitrate/nitrite
concentration of the well water sample, the data was not
constructive in the evaluation of most of the generated
hypotheses of this research study. By having data of
detectable levels of nitrate/nitrite, then a statistically
significant difference between test strips and the standard
ion chromatography EPA method could have been
determined.

What had caused a decrease in the amount of nitrate
observed in the environmental sample over time was
unknown. The change of nitrate over time may have been
due to some chemical and biological activity that had
occurred in the sample. Since environmental samples
infinitely vary in chemical and biological composition from
each other it is impossible to determine what had caused
nitrate to decrease.

Future Studies

Although nitrate can be associated to E.coli because both
indicate contamination of fecal matter, the direct link
between E.coli and nitrates could be studied. The following
studies could help with understanding this link:

i Repeat the experiment using a known nitrate or
nitrite standard solution and examine if there is any
change in this concentration over time.

ii. Repeat the experiment using a known nitrate or
nitrite standard solution spiked with E.coli and
examine if there is any change in this concentration
over time.

Conclusion

The MOE holding times are justified because the
concentrations were statistically significant (p = 0.0001)
from day O to day 31 from the sampling date indicating a
change of concentration of the chemical due to time.
However, the difference was not of a magnitude that may
impact public health practices/policies. In addition to
previous BCIT research findings that there was an increase
in nitrate concentrations due to boiling, simply holding the
sample in cold storage for a period of time changed nitrate
concentrations. Future studies of nitrate concentrations with
respect to chemical and biological components in water may
lead to a greater understanding of its change in the
environment and thus its association with other potential
health hazards.
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