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Abstract
The nitrogen and sulfur cycles are of growing significance in the scientific fields due to their
biological processes. Both cycles have positive metabolic outcomes when in normal
concentrations and conditions, however excessive intake of the inorganic anions each have
fatal consequences. Concentrations of either nitrate and/or nitrite or sulfide beyond normal
levels in results in toxicity, and which may result in death. Therefore, a simple, time sensitive
and accurate method for the determination and quantitation of nitrite and/or nitrate and
sulfide is required in the field of post-mortem toxicology, to aid in cause of death
investigations. Unfortunately, several suicide cases are related to the excessive intake of
nitrate and nitrite by overdose of the anions by medicine or curing salts and deaths involving
car exhaust fumes also have high nitrite/nitrate levels in the deceased’s system. Due to the
short half-life of nitrate in blood samples, nitrate is often required to be detected and
quantitated after being converted to nitrite. With sulfide poisonings, sulfide is difficult to
isolate and quantitate, so detection methods look for the metabolite thiosulfate in blood and
urine samples. To the best of the authors knowledge, no recent papers have been published
reviewing and comparing the methods applicable to human biological fluids since 2005. This
review provides background on nitrate/nitrite and sulfide roles in biological systems,
consequences of excess intake, and the current methodologies available for detection and
quantitation of these anions. It was found that chromatographic methods, specifically gas
chromatography mass-spectrometry and liquid chromatography mass-spectrometry, were
most commonly used in forensic labs for the detection and quantitation of each anion.
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Nitrate and Nitrite
1.0 Introduction to Nitrate and Nitrite
1.1 Nitrite and Nitrate in Environment
Comprising nearly 80% of the air we breathe, nitrogen is one of the most common natural
elements in the atmosphere. Nitrogen can be detected in the air as several gaseous forms,
such as nitrogen (N2), nitrous oxide (N2O/NOS), nitric oxide (NO), nitrogen dioxide (NO2) and
ammonia (NH3).1 NO is a vital function molecule contributing towards several cellular
communications and control systems including, cardiovascular function, immune responses,
metastasis and tumour cell proliferation.2,3 NO is also produced within the bodies of mammals
as a product of the nitric oxide synthase (NOS)-mediated catalysis of L-arginine. Due to NO’s
short half-life within humans, the major metabolites nitrate and nitrite are analysed in assays
instead of NO. For example, determining the bioavailability and metabolism of NO in vivo is
possible due to the information provided by the quantitation of nitrate and nitrite within
biological samples.3 Nitrate can be produced via nitrogen-based gases reacting with rainwater
and becoming a part of soil, plants, bacteria and/or groundwater,1 and both nitrite and nitrate
can be ingested via oral medicine/dietary sources, with the latter often interfering with the
nitrate-nitrite(NO3/NO2)-NO pathway (Figure 1).3

1

Figure 1: Nitrate-Nitrite-NO pathway

1.2 Nitrite and Nitrate Biological Importance
Each anion has a different purpose after their respective metabolic processes. Anions such as
fluoride and bromide have importance within the dental and neural areas respectively, while
the ingestion of the nitrate ion has been shown to have several positive impacts in the human
body, including the reduction of blood pressure, improvement of blood flow and other
cardiovascular effects.4 Circulating nitrate is mainly sourced from diet (exogenous) and the
oxidation of NO (endogenous). Exogenous nitrate intake from vegetables accounts for 6080% of total nitrate in the body. Other sources of exogenous nitrate are from drinking water
(15-20%) and meat products (10-15%). In comparison with nitrate, nearly 85% of nitrite in the
body is obtained from conversions of nitrate and is soon converted to NO as a stable
reservoir.5
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Humans are part of a group with monogastric systems, meaning the upper gastrointestinal
tract (GIT) absorbs most oxidants into the bloodstream. These mammals are sensitive to the
ingestion of nitrite as it is absorbed in the upper GIT before the further conversion into
ammonia in the lower GIT. Normal concentrations of nitrate and nitrite in blood do not usually
exceed 4-9mg/L and 0.3mg/L respectively,4 and 47.6 mg/L and 0.5-1mg/L for nitrate and
nitrite in urine.3 Oral ingestion of nitrate or nitrite in high doses, causes large amounts of
absorption into the persons/animal’s bloodstream. Within the human digestive system nitrite
is readily converted into carcinogenic nitrosoamines, and although more stable and less toxic,
nitrate is still a concern due to its tendency to convert to nitrite through microbial reduction.6

1.3 Issues with Excess Exposure
If excess amounts of nitrate/nitrite are ingested, specifically through drinking water or selfinduced overdose, negative effects in adults occur such as gastric issues and cancer, and
sometimes methemoglobinemia in infants due to a shortage of oxygen within the blood.6
Within the human system, excessive ingestion of nitrate or nitrite leads to large
concentrations of these anions in the blood., beyond normal ranges which can interfere with
oxygen transport.7 Nitrite naturally reacts with secondary or tertiary amines and amides
within the stomach and produces carcinogenic N-nitrosamines.8,9 However, nitrite can also
interfere with haemoglobin in the blood by causing the irreversible conversion to
methemoglobin, which has no ability to carry oxygen.7,9 Methemoglobinemia occurs in
infants less than six months old as a result of this reaction1 and is a clear sign of nitrite
poisoning. Acute poisoning triggers symptoms such as diarrhoea, vomiting, difficulty
breathing, and dark-brown coloured blood. Nitrite poisoning can also result in an increase in
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heart rate, tremors and can even be fatal. Chronic poisoning from nitrite consequently causes
weight loss, infections and miscarriages in pregnant women.1

1.4 How to Detect Nitrate/Nitrite
The toxicity of nitric oxides (NOx) has proven fatal when suicide attempts occur using petrol
engine cars exhaust gases. It has been found that a high level of NOx in the blood is a
successful indicator of exhaust gas or nitrite/nitrate poisoning. Due to the conversion of NOx
to nitrite and nitrate in whole blood, with a further conversion to nitrite within the hour,10
the current methodology often includes a pre-analysis step of reducing all nitrate ions into
nitrite before detecting and quantitating them. Multiple methods are available to determine
nitrate/nitrite

in

serum

and

plasma,

including

spectrometry,

ion

chromatography,4,6,11,12,13,15,16 liquid chromatography,3,17,18,19 liquid chromatography-mass
spectrometry1,20 and gas chromatography-mass spectrometry10,21,22,23 however, little studies
focus on methods for determining these ions in whole blood or other biological fluids.

1.5 Methods currently available for use in biological cases
The use of nitrate and nitrite products have been restricted in food and waste industries due
to the toxic health effects these ions have on humans and animals.8 Nitrite and nitrate are
often freely available for purchase by the public at breweries and meat stores. The detection
and quantitation of nitrate and nitrite is important for not only environmental and public
protection, but for the diagnoses of possible poisoning cases. Due to the presence of
interfering radials of nitrate, the detection of nitrate at low concentrations is restricted.17
Various techniques for detection exist including, spectrophotometry (the Griess reaction),
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spectrofluorometry,

chemiluminescence

(CL)

capillary

electrophoresis

(CE),

and

chromatography, each with their advantages and disadvantages. Spectroscopic methods are
the most commonly used methods found in literature of the past 20 years due to its excellent
detection limits and simple protocol. Wang et al. (2017)9 and Singh et al. (2019)8 reported the
methods used to expedite the detection and quantitation of nitrate and nitrite within
environmental samples in their reviews, along with the merits and demerits of each
technique. The current available methods used for the detection of nitrate particularly can be
divided into three types of analytical approach. The first aims to determines nitrate content
directly through the UV radiation absorption and chromatography methods, such as liquid
chromatography-UV (LC-UV). The idea of the second involves the reduction of nitrate into
NH4 or NO, followed by the detection of the final products via colourimetry or fluorimetry etc.
Finally, the third approach revolves around a chemical species reacting with nitrate to form a
complex, and then determining the change in concentration of that said species.8 Singh et al.
(2019)8 have also reviewed various techniques discussing principle, detection limits and
advantages and disadvantages of each and concluded spectrofluorimetric methods are most
appealing in environmental samples due to the high sensitivity and low limits of detection.
Over 200 analytical methods for the detection and analysis of nitrite and nitrate have been
studied and published in chemical/medicine orientated journals. Unfortunately, only a small
portion of these methods can be applied to human biological fluids. Analytical methods
reviewed previously mainly focus on the detection of the anions through simple matrices such
as water. However, these methods cannot be adjusted to account for the circulatory and
excretory nitrite and nitrate in biological fluids. This may be due to the complex cycles of the
anions and the low concentrations found in plasma, as well as the requirement of sample pretreatment due to the complexity of the matrices. Current methods available for the detection
5

of nitrate and nitrite in human biological fluids include ultraviolet (UV) spectrophotometry,
fluorometric assay, chemiluminescence (CL), high-performance liquid chromatography
(HPLC), liquid chromatography-mass spectrometry (LCMS), capillary electrophoresis (CE), gas
chromatography (GC) and gas chromatography-mass spectrometry (GCMS), each of which
can have specific detectors attached and will be discussed further in this review.
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2.0 Detection and Quantitation Methods
Each technique mentioned earlier has its own advantages and disadvantages, some of which
were extensively reviewed by in 20198 and 20179 with their use in environmental samples.
The present review mainly covers reports from 2005 onwards, involving and discussing the
detection and quantitation of nitrite and nitrate in biological fluids only. The advantages and
disadvantages of each technique were evaluated, including the simplicity of sample pretreatment, amount of sample required, and detection limits and ranges. The most common
separation type for use in forensic labs mentioned in literature were chromatographic
techniques and a summary of those investigated has been tabulated (Table 1). When it comes
to selecting a suitable method for blood/urine analysis, the critical aspects of sample methods
include, the amount of sample, sample preparation, separation type, detection method,
detection limits/ranges and the possible conversion of anions before analysis. Components
such as column type, eluent choice and flow rate are often altered to optimise analysis,
however, are not critical in assessing methodology and will not be taken into consideration in
this review. For the simultaneous detection of nitrate and nitrite, procedures are carried out
with anions measured independent of each other with little need for sample treatment. For
sequential techniques, the process often involves the detection of nitrite only and sample
treatment involves a few steps; after reducing nitrate to nitrite, nitrite is often derivatized via
2,3-diaminonaphthalene (DAN) to 2,3-naphthotriazole (NAT) or both nitrite and nitrate are
alkylated. To the best of the authors knowledge, no recent papers have been published
reviewing and comparing the methods applicable to human biological fluids since 2005.
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Table 1: Chromatographic methods in current literature
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Table 2 Continued: Chromatographic methods in current literature
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Table 3 Continued: Chromatographic methods in current literature

2.1 Pre-treatment of samples
The analysis of various biological fluids for analytes requires high consideration of the
procedures for collection, storage and preparation of the samples.27 The simplicity of certain
determination techniques is usually taken into consideration when comparing methods for
use of detection and quantitation. When methods first started emerging using pre-treatment
of aqueous samples, specifically for ion chromatography, they were very basic and involved
simply filtration techniques, dilution and possible pH adjustments prior to determination.2
However, the preparation of biological fluids unfortunately requires a more complex
preparation process. This is due to the background levels of nitrate/nitrite being very low, or
the other ionic compounds within the matrix often interfering with the detection procedure
and/or equipment.

A simplistic pre-treatment procedure is favoured for time constricted analyses like those in
toxicology. The overall goal of sample preparation is the isolation of target analytes from the
other constituents of the sample.28 The degree of sample preparation required is dependent
on the complexity of the matrix type, the chemical nature and concentration of analyte and
the concentration of possible interfering component also in the matrix, as these need to be
separated before analysis.27 It also depends on the equipment type, whether it suits the high
sensitivity of detectors attached to high pressure liquid chromatography instruments, or the
contamination tolerance of gas chromatography detectors. The best sample preparation
procedure would therefore be able to concentrate the sample while removing interfering
material that may reduce column/detector life.27 In toxicology, the samples available for
toxicologists are urine and whole blood, as metabolites of anions are extensively excreted in
urine after minimal detection in blood, and blood samples have good anion concentration
11

levels. Saliva can also be used for the analysis of anions however are not used as frequently
in toxicology cases.27

2.1.1 Storage of Samples
If insufficient care is taken at the time of collection and handling of biological samples, results
produced from analysis can be invalidated. Collection tubes for blood and urine samples
should contain anticoagulants and preservatives respectively for the avoidance of
degradation of analytes in the sample.27 If analysis involves the separation of plasma or
serum, it is essential that samples are not frozen without treatment as the blood can
haemolyse, and separation is no longer possible. For blood samples collected over 10mL, after
30 minutes at room temperature a clot may form, however not destructive as after
centrifugation, serum is separated and removed as the supernatant liquid. Plasma is more
frequently used than serum for analysis, although results basically identical, due to the
anticoagulated blood can be centrifuged and collected immediately, whereas coagulation
need be complete before separation of serum.27

Anions like nitrate and nitrite can be degraded during storage due to biological process so it
is important to be aware of the stability of these anions at different temperatures so any
effect on storage can be predicted. Due to toxicology samples arriving irregularly and assays
completed on batch basis, samples analysed within 1-2 days should be stored at 4°C to slow
down the biological process, and samples kept long term should be frozen below -20°C.

Urine samples are preferred to be frozen due to the bacterial action that causes
decomposition of urea into ammonium carbonate and increasing pH levels. Urine is also
12

recommended to be stored below -20°C or to have preservative added if need be. Common
preservatives used in analysis are toluene and hydrochloric acid. Urine samples should be
brought to room temperature and vortexed before analysis to ensure homogeneity.27

2.1.2 Sample Preparation
Biological samples contain several interfering materials such as proteins and lipids which can
deposit into the chromatographic columns and decrease its function, especially with gas
chromatography detectors. These issues are avoided by sample clean-up methods used in
current literature such as protein precipitation and solvent extraction. The inclusion of sample
clean-up before analysis can improve the selectivity of the assay27 and should be applied
before analysis of biological samples.

Protein precipitation works by the plasma or serum of blood samples being mixed with three
volumes of acid, or organic solvent. This method results in the precipitation of proteins and
releases the target analyte from protein-bound sites. A vortex and centrifugation are
performed, and the supernatant liquid is injected into the column. This method is often used
for analysis of sample via HPLC and is simple, rapid and accurate.27

Liquid solvent extractions are the most commonly used method for biological sample
preparation as samples prepared by liquid solvent extraction are often cleaner than those of
protein precipitation due to the lower amount of contaminating substances. This method also
allows for the simultaneous concentration of the sample, improving the limit of detection of
the analysis method. Generally, 1mL of sample and 5mL of organic solvent used for the
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extraction step recovers over 80% of analyte, which is adequate for routine assays involving
large amounts of sample.27

2.2 Spectroscopic methods used for nitrate/nitrite determination
2.2.1 The Griess assay method
The attempt for the determination of nitrate in human saliva in 1879 by Johann Peter Griess
was the first report of the Griess assay method in application. The first Griess reaction
occurred through diazotisation reaction. Originally and currently the Griess reaction was/is
used as a detection method for bacterial infections located in the urogenital tract, specifically
urinary tract infections. In human urine, the major nitrogen ion is nitrate, which is inevitably
reduced to nitrite due to surrounding bacteria. The Griess reaction has the ability to detect
and determine this resulting nitrite ion. This method has continuously been modified and
optimised for improvement with large interferences caused by other ions.5

The functionality of the Griess assay method is based on a diazotisation of aromatic amines
followed by a coupling reaction. The result of this reaction produced a coloured
chromophore, which can be identified spectroscopically in the 500-600nm range, to
quantitate the nitrite concentration.5 The principle of the Griess assay is represented below
in Figure 2.5

Figure 2: Principle of the Griess Assay (From Kage et al. (2000)5)
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The original report by Griess states that the Griess reaction should occur in an acidic
environment for the sulphanilic acid to react with nitrite to form the cation visible in that
range. Methods based on this reaction have been utilised to identify nitrate and nitrite ions
in batch and automated assays. Problems relating to specificity often arise in the batch assays
of nitrate and nitrite, therefore automated assays work to eliminate interfering compounds
[49]. Disadvantages of the Griess assay include the diazotization reaction occurring during the
proceeding reduction of nitrate to nitrite, and the interference of many inorganic and organic
compounds during the reduction process. For analysis of biological fluids, the Griess assay
method and other assays based on this reaction, utilises calibration curves of standards
created with distilled water for the quantitation of nitrate and nitrite. However, it is highly
unlikely that the amount of nitrite converted from nitrate in distilled water would be similar
to that of biological fluids. Due to this variation of nitrite yield, the generation of inaccurate
nitrate values would occur, unless the standards are made from a matrix similar to the
biological fluid being tested. 5, 30, 31

Tsikas et al. (1997)29 confirmed that determination of nitrite and nitrate in batch assays for
this method is not possible for human plasma and/or urine samples, while using calibration
curves of distilled water. This methodological problem of incomplete reduction of nitrate to
nitrite has been found to have been successfully reduced due to the scheme of enzymatic
reduction of nitrate (nitrate reductase).32 Although this conversion process has proven
positive results, the possible interference by other ions cannot be completely excluded. In
practice, the variation of nitrate reduction to nitrite can vary from sample to sample, unless
the application of enzymatic reduction is employed. This involves enzyme activity
optimisation and concentrations of cofactors for each individual biological sample. This
15

method is primarily used for the detection of nitrite, so the attempt of nitrate quantitation
simultaneously can make this method more time costly as reduction reactions would need to
occur prior. Various other modifications made to the procedure such as assay conditions,
reagent selection, and couple agents have been used to improve assay results.33 This method
for nitrite can be considered simple and cost efficient with detection limits ranging between
0.02 and 2M depending on specific modifications made. Several experiments involving the
Griess assay analysing nitrate/nitrite in human plasma have been conducted, each with
different modifications, and was successful in determining a simple and efficient method,
with reduced interference by surrounding ions.34
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2.2.2 UV spectroscopic methods
The simplicity, versatility and practicability of UV spectroscopic methods make it a widely
used method for the detection of nitrate ions. The principle of this method is based on the
absorbance of nitrate at 210nm and its measurement. Nitrite, chlorine and organic matter
often interfere with nitrate concentration due to their similar absorbance wavelengths.8 A
method produced by Norman and Stucki (1981)32 involved the absorbance measurements
taken at 210nm before and after nitrate destruction. UV spectroscopic methods are often
paired with liquid chromatography techniques which are further discussed later.

2.2.3 Catalytic-spectrophotometric methods
Biological samples are often investigated via various catalytic-spectrophotometric methods.
These methods are based on how nitrite effects the oxidation of organic dyes and analytic
species. Maebashi et al. (2011)35 provides disadvantages of this method being time
consuming and prone to interfering ions such as iron, sulfite and bromide ions. The reactions
ability also depends highly on specifics such as temperature, acidity and reagent quantity.
Several studies have also shown the advantage of utilising flow-injection analysis (FIA)
coupled with catalytic-spectrophotometric methods for simultaneous detection of nitrate
and nitrite showing promise for biological samples. The technique has also been modified
using a stopped-flow technique for the reaction rate of nitrite.
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2.2.4 Chemiluminescence
Chemiluminescence is a powerful technique that has several advantages when it comes to
determination of nitrite ions. Due to this method’s low cost, safety and simplicity, it has been
widely used for the determination of ions in the past 20 years, however, few recent papers
use this technique in toxicology labs for determination of anions in biological fluids.30

2.2.5 Electrochemical detection
This method provides positive options regarding minimal cost and portability of
electroanalytical devices. However, application is limited due to electrode surfaces being
contaminated by foreign material, eventually desensitising the equipment, so extensive
clean-up of sample before analysis is required. The use of modified electrodes is taking a
favourable stance providing high sensitivity and accuracy. There are still several
disadvantages for electrochemical detection for general nitrate/nitrite detection as the
detection limits are restricted to uM and mM, needing improvement. Until the possibility of
electrodes having minimal chance of being contaminated, it is unlikely that it is suitable for
real sample analysis in complex matrices.30
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2.2.6 Capillary Electrophoresis
Capillary electrophoresis (CE) can be used for the detection of several cationic and anionic
compounds. It has several advantages including high separation ability, time sensitivity and
low amounts of sample required, A disadvantage to this method would be lengthy
preparation times for removal of foreign materials. Due to the small diameter of the capillary,
materials can be easily absorbed into the wall, which can then interfere with the equipment’s
sensitivity.

2.2.7 Spectrofluorometric methods
Spectrofluorometric methods work by exciting the electrons within a molecule with an
ultraviolet light until the molecule gives off an energy, which is usually a form of light within
the visible spectrum [20]. Most analysis utilising this method involve the reduction of nitrate
to nitrite using a Cu/Cd column pre analysis to measure only the nitrite ions (free ions plus
the newly reduced nitrate ions). The nitrite ion is detected after reacting with different nonfluorescence compounds, which results in a fluorescent molecule. A common non-fluorescent
reagent used in literature is the 2,3-diaminonaphthalene (DAN) molecule [23]. The analyst
can then work to measure the changes of fluorescent intensity within the probes when they
react with the nitrite ion. Many detectors have been modified in order to specifically
determine nitrite when it undergoes nitrosation. Due to these upcoming modifications,
spectrofluorometric methods are becoming favourable for detection of these ions, with
detection limits reaching as low as 1x10-8M NO3-.36
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2.2.8 Chromatography
There are three common types of chromatography that can be found in the current literature
separating mixtures for the analysis of anions in biological fluids. These methods are gas
chromatography (GC), liquid chromatography (LC) and ion chromatography (IC). Each method
has been investigated and most studies build on other in modifying the specific methods in
order to optimise the chromatographic conditions for detecting the target ions.

2.2.8.1 Gas Chromatography
Gas chromatography separation techniques work with volatile compounds. Samples
injected into GC apparatus are required to be salt-free (must not contain ions). Most
compounds, specifically salt anions in biological fluids are not volatile and need to be
converted before analysis. In present literature, nitrite and nitrate are often
derivatized to NAT for GC analysis. Gas chromatography is one of the most accurate
methods for analysing samples to date. The apparatus heats the sample with gas and
the mixture begins to separate into individual components. The carrier gases used in
this method are one of the variables that can be modified but are usually inert gases
(helium or nitrogen).4 This method of chromatography is often found to be time
consuming due to the pre-treatment of sample to derivatize nitrate and nitrite anions
in sample.

20

2.2.8.2 Liquid Chromatography
Liquid chromatography works on the principle of separating individual components
based on their respective polarities. The separation occurs through interaction in
mobile and stationary phases. As the mobile phase travels through the column, the
components begin to separate into ‘bands’.4 In reverse phase liquid chromatography,
if one molecule is more polar than the other, it travels through the column faster,
while the other stays in the stationary phase of the column. In regular LC, the nonpolar molecule elutes first.

2.2.8.3 Ion Chromatography
Ion chromatography is a type of liquid chromatography used to measure the
concentrations of several ionic groupings, including the nitrogen and sulfide oxides.
An eluent (a type of extraction liquid) will run through the column and separates the
different ions via their bonding to a resin.

All three types of chromatography found in literature are often coupled with a mass
spectrometer to aid in the detection of separated ions on a more molecular level.

2.2.9 Mass spectroscopic methods
Mass spectroscopic methods are analytical techniques involving the ionization of chemical
species via collision with electrons for gas chromatography, but not always for liquid
chromatography. The process then organises the ions based on their mass-to-charge ratio,
avoiding the interference from anions other than the target. Plotting these two factors with
ion signal results in mass spectrum. This method is used in various fields and can not only be
21

applied to simple matrices like water, but complex matrices like biological fluids. Methods
utilising this technique include GCMS and LCMS, making them the most commonly used for
blood, urine and plasma analysis.
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3.0 Comparison of Methods
The use of catalytic-spectrophotometric method is popular in samples; however, it is prone
to interference with other anions, specifically chloride. The inclusion of FIA within this
technique improves its efficiency and has served well for simultaneous detection of nitrate
and nitrite. The Griess assay is another popular method arising for biological fluids, with its
low cost and practical procedures, however combatted with low sensitivity and possible ionic
interference. Transforming the nitrate into a complex in spectroscopic methods may cause
from interference from certain ions - specifically chloride. Low reagent consumption and
sample required, good sensitivity and wide pH range of samples (good for urine) are some
advantages to this method, nonetheless. Spectrofluorometric methods involve reducing
nitrate to nitrite and use suitable chemical reagents to ensure the creation of a fluorescent
species and are sensitive and cheap. Ion chromatography analysis that utilises ethanol and a
C18 column to reduce the effect of interfering anions via hydrophobic absorption currently
seems to be an ideal method for the determination of nitrate/nitrite in whole blood samples.4
This method can be used to simultaneously detect several anions, increasing the
nitrate/nitrite matter detected in one sample rather than reducing nitrate to nitrite first. This
method seems simple, economical and precise (RSD% 2.83 and 1.35 for nitrite and nitrate
respectively) and should be considered for future studies for comparison to chromatographic
methods.

Analysis of the current literature suggests the use of chromatographic methods are widely
used for the determination of nitrate and nitrite in biological fluids. Direct detection of nitrate
or nitrite can be completed via most HPLC and IC techniques, while gas chromatography often
requires modification of the target anion before detection. Over the past 20 years, the use of
23

GC-MS has become more popular with the detection of nitrate and nitrite in biological fluids
due to its high sensitivity and selectivity for anionic species, specifically in negative ion
electron capture (NIEC) mode.23 Apart from the chemical preparation required for GC-MS
there are also concerns regarding the simplicity and costs of this method, although recent
literature has shown promising results using the method.8,10,23,37 A more rapid and sensitive
method than traditional spectrophotometric and electrochemical methods, HPLC has shown
potential. Over the years, development of analytical protocols for separation and detection
of the anions ion-exchange or ion-pair reversed-phase HPLC has occurred.38 HPLC principles
include the aforementioned UV, electrochemistry, chemiluminescence and fluorescence.
Nitrite and nitrate can be detected by UV absorption; however, the method often requires
nitrate and nitrite conversion via a derivatization procedure in order to absorb said light. The
development of techniques incorporating the Griess assay post-column, after their separation
by HPLC, has avoided this step nitrate and nitrite need complete. Nitrate and nitrite are then
detected via methods for Griess assay described earlier. The UV detector used in HPLC is the
cheapest and most versatile detector, with high simplicity and wide range, however,
consequently suffer from defects. Methods involve direct absorption of nitrate and nitrite are
prone to contamination via chloride ions in large amounts of biological sample. To combat
this, a solid-phase extraction step is often required to “clean up” this excess chloride and
other possible interfering ions. These methods exploiting post-column assay are also prone
to low specificity. One study developed an ionic liquid dispersive liquid-liquid microextraction
high-performance liquid chromatography (IL-DLLME-HPLC) and was successful in determining
the nitrite ion in biological samples.37 HPLC coupled with a UV detector was used to detect
nitrate and nitrite in cerebral ischemia39 and simultaneous detection was completed in
human serum with detection limits of 0.1ng/mL and 0.2ng for nitrite and nitrate
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respectively.40 Nitrate and nitrite detected in ultrafiltrate samples of human plasma were
validated by GCMS.41 A study revealed the possibility of the detection of nitrite, nitrate and
(15N) nitrate via GCMS using a high-pressure column for separation in urine, saliva and plasma.
This method allowed for the quantitative reduction of nitrate and eliminated all interference
of ions present in urine and other biological fluids.42
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Sulfides and Thiosulfate
4.0 Introduction to Sulfide
The detection of sulfide in biological fluids has become common in analytical fields due to the
consequences of hydrogen sulfide (H2S) exposure and/or poisoning. H2S is an important
signalling molecule within the human body, playing several roles in maintenance of health.
These roles include acting as a smooth muscle relaxant, aiding in regulation of cardiac and
brain receptor function, as well as a mediator for cardiovascular therapy.42 Active research
for H2S focuses on the metabolism and mechanisms for pathological signalling. Understanding
interactions of H2S and other molecules within different biological tissues is increasing in
complexity, so is important to appreciate the implications it may cause. Endogenous
production of H2S is complicated with three proteins contributing to enzymatic synthesis;
cystathionine y-lyase, cystathionine b-synthase and 3-mercaptopyruvate [64]. Active H2S is
incredibly reactive once activated, and is metabolised quickly into one of three, free, acidlabile and bound sulfur (sulfite (SO32-), sulfate (SO42-), thiosulfate (S2O32-)) forms.40 These
metabolites also assist in several cellular biochemical processes. One of the metabolites,
thiosulfate (S2O3), is known as a biological marker – specifically in urine – of H2S poisoning. A
study comparing preexposure and postexposure levels of urinary thiosulfate, confirmed a
positive mean change between individuals exposed to H2S.42 In relation to forensic cases, H2S
is can be used in toxicology analysis to confirm poisoning. H2S is absorbed before reaching the
lungs and causes hypoxemia. It is a colourless irritant with a distinct rotten egg like odour.
Not only can it be produced by break down of sulphur compounds but is also a by-product of
many industrial practises.43 For the diagnoses of H2S poisoning cases in toxicology, the
quantitative analysis of sulfide or thiosulfate in blood and urine is necessary.
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4.1 Biochemical forms of hydrogen sulphide
If not existing in its free state, circulating H2S can further react with surrounding biochemical
molecules, to form bound sulfide, stable and acid-labile compounds.40-43 Stable metabolites
of sulfur are molecules that are not active when chemically treated, and often instead exist
in a reduced form such as sulfate (SO42-). Along with H2S, sulfide can be categorised in a similar
fashion, depending on the form they exist within a biological system. Free sulfide exists as
either S2- or H2S with acid dissociation constants of >12 and 7 respectively. Acid-labile
compounds are often in the form of iron-sulfur which plays a significant role in redox
reactions. H2S is converted to this state when pH of the matrix is below 5.4.35 Bound sulfur
exists as thiosulfate along with other compounds. H2S bioavailability is maintained through
each of these biochemical forms of sulfur, however, the movement and/or conditions of
which these molecules convert is still poorly understood.

4.2 Thiosulfate
Thiosulfate (S2O3), is an anion similar in structure to the sulfate ion found in human serum
and urine. It is understood that most of the body’s thiosulfate concentration is produced
endogenously, via a reaction between organic sulfur groups and sulfite. Sulfite (metabolite of
H2S) can spontaneously oxidise to sulfate in physiological media, as well the thiosulfate
compound (Figure 3).44 Normal thiosulfate levels found in blood and urine should not exceed
3uM and 30uM respectively.45,46
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Figure 3: Interconversion of Hydrogen Sulfide, Sulfite, Sulfate and Thiosulfate (Basafa and Hawboldt, 2018)47

An excessive amount of S2O3 is found in sulfide poisoning cases due to the oxidation of sulfide
and polysulfide.48 Due to the toxicity of sulfide and its quick metabolization to S2O3,
thiosulfate is often detected to confirm poisonings instead of sulfide in blood or urine.
Methods including titration and colorimetric techniques are often non-specific and have low
sensitivity.41 Methods involving the use of human plasma for detection of thiosulfate are
often impractical for forensic due to most cases not having access to centrifuged plasma for
analysis. Degraded, frozen and haemolysed blood is often what is available to forensic
toxicologists, so a sensitive, reliable method applicable for whole blood samples or urine is
required.
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5.0 Detection and Quantitation Methods for Hydrogen Sulfide
H2S poisoning has minimal histopathological signs and has been proven difficult to identify or
diagnose in forensic autopsy. To properly investigate H2S poisoning, it is almost impossible
to use free H2S as an index marker for evidence due to its willingness to rapidly oxidise to
S2O32- in the human body. Therefore, the measurement of the metabolite S2O32- instead, has
been the focus of several studies in verdict of H2S poisoning in forensic analysis and diagnoses.
Several methods are available to measure thiosulfate in biological fluids including titration,
IC, LCMS and GCMS. Unfortunately, problems have risen with the former methods including
poor sensitivity, and the removal of possible interferences within the matrix of the sample.
GCMS has proven to present fewest issues regarding determination and analysis of
thiosulfate and is often used in recent papers.35,43,48,49,50 Kage et al.48 presented a method
which is now acknowledged as a prevailing thiosulfate measurement and has been used and
modified slightly in recent case reports involving H2S poisoning.48 Although popular, this
method requires extensive sample preparation prior to analysis. Most recent cases involving
detection of thiosulfate have focused on the modified uses of LCMS and trialling LCMS/MS
for improved specificity of the standard LCMS methods.45,51 Some currently available
literature for chromatographic separation and detection of thiosulfate or sulfide in biological
fluids have been reviewed and summarised in Table 2. Studies have been summarised;
including method utilised, sample type, and detection limits. The present review focuses on
reports presenting measurement of serum, blood, plasma and urine determination of
thiosulfate, focusing on the popular chromatographic methods such as IC, GC, LC along with
their coupling with MS detectors. To the best of the authors knowledge, no reports have been
published reviewing and comparing methods available for the detection of thiosulfate in
biological fluids.
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Table 2: Chromatographic methods for thiosulfate detection
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Table 2 Continued: Chromatographic methods for thiosulfate detection
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Table 2 Continued: Chromatographic methods for thiosulfate detection

Factors to consider when choosing a method for the detection of analytes in forensic cases
are specificity, precision, cost, simplicity and the time sensitivity. Most chromatographic
analytical instruments have become complex and successful over the years, with improved
levels of accuracy, therefore the most variability comes from pre-treatment and sample
preparation steps. The analysis itself may only take a couple of minutes to a few hours, where
the sample preparation may take several days if complication procedures are required.
Improvement in chromatography techniques can be instigated by the sample preparation so
it is worth choosing a simpler option. Another factor supporting simple pre-treatment steps
is the possibility of error in several places if the treatment requires several steps. The optimal
detection method for particular analytes should be chosen based on a combination of sample
preparation simplicity along with chromatographic instrumentation that not only reduces the
number of pre-treatment steps, but the relative standard deviation (RSD) also, ultimately
increasing precision. Quantitative parameters that can contribute to this decision are the
limit of detection and limit of quantitation. Limit of detection is known as the lowest
concentration of the detected anion which can be determined through the analysis. The
minimum concentration that the analyte can be detected but also quantitively determined is
known as the limit of quantitation. As we know, calibration curves are often created by
standards as a reference point for quantitation. The point at which the calibration curve is no
longer linear is known as the upper limit of quantitation.55 Due to the conversion of H2S into
thiosulfate and the difficulty of measuring free sulfide ions, thiosulfate is the recommended
and practical anion to use for determination of ‘sulfide’ levels in plasma.56 According to
Durand and Wienstein (2007)43, the detection of sulfide in fatal cases should be measured by
plasma/serum levels of thiosulfate, whereas for non-fatal cases, urinary thiosulfate was the
better option.
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5.1 Factors affecting hydrogen sulfide stability
One of the major determining factors of the stability of H2S in biological matrices is pH due to
its tendency to dissociate and interact with metallic ions under acidic conditions.42 Therefore,
sulfide can exist in many different forms (free, acid-labile, bound) depending on the pH
conditions of the sample. Hydrogen sulfide is soluble in aqueous solutions, and in plasma
(normally at pH 7.4), exists as H2S (20%) and HS- (80%). Oxygen content in biological fluids has
also been shown to affect the stability of H2S, with fluctuation of the compound depending
on the percentage amount of oxygen present.42 A study recorded that at a constant pH level,
sulfide was present at 70% when oxygen content was 21%, improving to 80% and 90% stability
with changes to 10% and 1% oxygen content respectively.42 These findings highlight that pH
and oxygen content can greatly affect the stability of sulfide compounds in biological
matrices. This hints to the choice of deoxygenation and pH-controlled reagents for use in
detection methods, optimising sulfide stability. Using thiosulfate as a marker of hydrogen
sulfide poisoning eliminates the interference sulfide stability has on the analyte.

5.2 Handling sulfide samples
Before comparing analysis methods for sulfide/thiosulfate detections it is important to
consider the storage and handling of samples containing sulfide. Particularly in forensic cases,
the analyte, whether blood or urine, will not be analysed immediately after collection. For
blood samples, liquids are often frozen at various temperatures for later analysis. Hydrogen
sulfide concentration in post-mortem blood is highly affected by the time interval of death
and analysis, as hydrogen sulfide gas is produced during putrefaction, however the amount
of gas inhaled is often more prominent in absorption than that of post-mortem production of
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H2S. However, time can still have an effect on sulfide concentration in biological fluids so if
possible, it is best to freeze samples as soon as possible to avoid any interference.35,44

5.3 Methods of detection for sulfide
Many methods similar to that of the detection of nitrate/nitrite mentioned earlier can be
used for the detection of thiosulfate, a sulfate analog.51 These methods include titration, ion
chromatography LCMS, HPLC and GCMS. With sulfate being one of the major anions of blood,
a knowledge of their clinical roles aid in understanding the detection methods. In early papers
dating back to 1990’s,35,57 ion chromatography was the best analytical method with ability to
detect several anions such as sulfate, chloride and nitrate, in several samples, including
biological fluids.

One of the first techniques analysing sulphates in blood was by suppressed ion
chromatography using a chromatograph paired with a conductivity detector.58 The analysis
was precise with an RSD% of less than 1.5. Unfortunately, this method did not include any
pre-treatment procedures to the human blood sample, so the column needed to be cleaned
after every sample, which extends time consumption. Nearly 10 years prior to this study, a
similar method was used for the quantitation of organic sulfate in serum samples.59 The
sample was pre-treated with perchloric acid and was effective in protein precipitation of the
sample. This pre-analytical step eliminated the need for column maintenance saving time in
analysis. The recovery of sulfate for this method varied between 80-114% and compared well
after validation via absorption spectrometry. Single column ion chromatography has also
been used for determination of sulfate in plasma samples. The method proved to be time
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sensitive, precise, and fast, with a pre-treatment step of ultrafiltration and was also
reproduced in studies of urinary sulfate excretion several years later.54

Gas chromatography (GC) and HPLC methods have also been investigated for the detection
of sulfide in human biological fluids, including blood, plasma and urine. Studies utilising these
methods between the years 1995 and 2000 have successfully avoided the significant ‘clean
up’ of samples before entering the chromatographic apparatus. The advances in technology
throughout the years between reports by Singh et al. (1997)57 and Lawrence et al (2000)60
have brought about improvements in time sensitive, cost effective and selectivity.

Moving onto thiosulfate detection in urine, HPLC is often the preferred method of detection
due to its sensitivity and specificity, however, can often suffer from flooding in the analytical
column when paired with electrochemical detection. Cole and Evrovski (1995)49 developed a
method that bypasses that issue, by incorporating a column switching technique to detect
micromolar levels of thiosulfate in biological cases.

A GCMS method by Kage et al. (1991)48 was recognised as a standard procedure for
thiosulfate measurements and was used widely in forensic cases relating to H2S poisonings.
Chwatko and Bald (2009)46 developed a method for determination of thiosulfate in urine
using reversed-phase liquid chromatography. The method is sensitive and time conservative
with lower limits of detection and quantitation as 0.3 and 0.5umol/L respectively and RSD%
values of 2.39-5.59%. In 2016, Jin et al51 developed the first LCMS/MS method for the
detection of thiosulfate in serum for confirmation of H2S poisoning in forensic cases. It
measured the analytes directly, rather than the complicated pre-treatment procedures
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normally required in GCMS analysis. Precision and accuracy met the basic requirements with
RSD% of less than 10.4% and was able to clearly quantitate 57.5uM in a forensic case of H2S
poisoning.

Reports in the current literature suggest that there are several detection methods that can
be used for the confirmation of H2S exposure, ranging from simplistic methods in water, to
more complex analytical methods like spectroscopic and chromatographic methods in
biological fluid. Continuous modifications and improvement of these methods has improved
precision and detection limits however, there are still several biological, technical and
practical ambiguities with these techniques. The most common found method of analysis in
literature is the GCMS procedure performed by Kage et al. (1991)48 due to its high sensitivity.
However, this method requires a strenuous pre-treatment procedure of samples involving
the alkylation and oxidation reactions before the analysis procedure. The most recent study
involving LCMS/MS for thiosulfate detection in both blood and urine, proved to be specific,
sensitive and more time sensitive than conventional GCMS methods.45 The method has
successfully determined and quantitation thiosulfate in urine and human blood and is much
more time efficient than the previously mentioned GCMS method.
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6.0 Experimental Aims and Hypotheses
Due to the content of the research presented in the review, it is plausible that the type of
sample used for the determination of nitrate/nitrite or thiosulfate in biological fluids is a
considerate factor in the choice of separation and detection methods. This is possibly due to
the complex nature of the fluids, along with the many interfering molecules within them. The
gaps in the current knowledge surrounding the method of detection of nitrate, nitrite or
sulfide in biological fluids, allowed the opportunity for a systematic review. The aim of the
systematic review will be to identify the best method of chromatography paired with certain
detectors for the separation and detection of these anions in blood and urine. From this
research question, the following three hypotheses were formulated:
Hypothesis One:
H0: High-performance liquid chromatography coupled with UV detection is not the ideal
separation and detection method for nitrate and nitrite in whole blood samples.
H1: High-performance liquid chromatography coupled with UV detection is the ideal
separation and detection method for nitrate and nitrite in whole blood samples.
Hypothesis Two:
H0: Sample type does not affect the method selection for separation and detection of
thiosulfate in blood and urine and is not necessary for different methods.
H1: Sample type does affect the method selection for separation and detection of thiosulfate
in blood and urine and is necessary for different methods.
Hypothesis Three:
H0: Gas chromatography coupled with mass spectrometry is not the ideal separation and
detection method for thiosulfate in blood or urine samples.
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H1: Gas chromatography coupled with mass spectrometry is the ideal separation and
detection method for thiosulfate in blood or urine samples.

7.0 Review Conclusions and Research Opportunities
There are several analytical methods that have been reviewed recently containing methods
that can be used for the detection of inorganic anions. Unfortunately, many of these methods
cannot be adjusted for use on biological fluids and only a small percentage of studies
reviewed have focused on human biological fluids. A speedy, selective and accurate method
for the determination of nitrate/nitrite and thiosulfate in biological samples is highly required
in forensic chemistry to aid in the diagnoses of anion poisonings. This review discussed the
several methods available for the detection of inorganic anions in biological fluids, including
but not limited to spectrofluorometric, electrochemical and chromatographic techniques.
Due to the nature of nitrate converting to nitrite within the hour, it is practical for nitrate in
samples to be reduced to nitrite in order for quantitation. For nitrate/nitrite detection
chromatography methods provided the highest sensitivity and specificity with LCMS and
GCMS being popular methods. Further analysis and comparison of the specifics and minor
modifications to procedures, such as column, eluent and flow rate need be analysed for
determination of the more practical method for detection of nitric anions.

For the diagnoses of H2S poisoning it is likely that degraded, frozen and haemolysed blood is
what is available for analysis so studies focusing on whole blood samples are preferred. It was
mentioned in several studies and confirmed that thiosulfate detection was simpler and more
effective than free H2S detection. Thiosulfate was also found to be better detected in plasma
for fatal sulfide poisoning cases, where urine detection was preferred for non-fatal cases. An
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LCMS/MS study in 201745 has shown significant progression in the detection of thiosulfate,
proving to be more time efficient than the standard GCMS procedure so commonly used.
With thiosulfate detection, the detection method may need to be chosen based on the type
of sample matrix is going to be detected. Further comparison of chromatographic methods
for thiosulfate detection is required for beneficial progression in regard to which method is
more suited for whole blood analysis.
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HUMAN BIOLOGICAL SAMPLES
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ABSTRACT
Biological fluids contain concentrations of inorganic anions including sulfide, nitrite and
nitrate; however, an excess of these anions leads to lethal consequences. The detection and
quantitation of these anions is helpful in forensic toxicological analysis, often working with
blood and urine samples from potential poisoning cases. Thiosulfate is the natural metabolic
result of sulfur and due to its multiplying presence after exposure in samples such as urine,
thiosulfate is often used as an indicator of hydrogen sulfide poisoning. Current techniques for
nitrite and nitrate detection in blood utilise high performance liquid chromatography, while
for thiosulfate detection, gas chromatography is more common. This paper presents a
systematic review of current separation techniques and their pairings with alternate
detectors available for toxicological labs, with consideration of sample preparation, time
consumption and detection ranges and limits. It was found that HPLC/UV and GCMS are ideal
methodologies for nitrate/nitrite in whole blood and thiosulfate in blood and urine
respectively.

Key Words: Toxicology, Ion chromatography, Gas chromatography, High performance liquid
chromatography, Mass spectrometry, Nitrate, Nitrite, Sulfide, Biological fluids.
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INTRODUCTION
A principle task of toxicological analysis is to detect whether substances are present, and to
identify the substance correctly. Analysts must be able to identify, differentiate and
quantitate compounds within a short amount of time. The need for a concise and planned
approach is necessary for this type of analysis and is often called a systematic toxicological
analysis (STA). There are three key stages in STA, which firstly involves the hydrolysis and
removal of matrix compounds. This first stage can also be completed via liquid-liquid
extraction, solid phase extraction, or immunoaffinity chromatography. After this sample
preparation, there is the need for the separation of target analytes from the sample. This can
be completed via gas chromatography (GC), often paired with one or more detectors;
electron capture detection and mass spectrometry (MS) and/or high-performance liquid
chromatography (HPLC), often paired with one or more detectors; ultraviolet spectrometry
(UV), electrochemical detection (ECD), and diode array detection (DAD). The final stage of STA
involves identification and quantitation of the target analyte by the comparison of recorded
data and the references samples, often made with stock standards. When these steps are
being completed, it is important to retain all relevant analytes within the sample and remove
all unnecessary/potentially interfering ions/proteins as well as attempting to obtain
maximum separation in a small amount of time, with detection of high quality. 1
There are several analytical techniques available for the identification and quantitation of
target anions in samples. After sample pre-treatment has been completed, the
chromatographic and detection systems are then important. There are identification
methods available such as immunoassays and receptor assays, however, are only capable of
a yes/no outcome, rather than a quantitative response and thus will not be discussed further.
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Such separation techniques available include GC and HPLC, along with the inclusion of a
stationary phase and mobile phase. These chromatography techniques can be combined with
detection modes, however, in order to achieve maximum results, it is vital that the most
suitable detector is chosen for the type of analysis. When selecting the analytical technique,
consideration of the range of possible analyte within the sample is important as the system
should cover the total range. If this criterion is not considered, results can be compromised if
analyte is close to or outside the detectors range.1 The relative standard deviations of
measurement (often written as RSD% values) must be standardized for reproducibility within
the laboratory. The final consideration for this selection is a low correlation between two
systems or techniques if they are coupled together.
Forensic toxicologists need to consider the above components when identifying analytes
within a biological fluid. There have been several cases of death by excess nitrogen oxide (NO)
inhalation, often by suicide, however NO is difficult to analyse in biological fluids with a halflife of around 3-4 seconds.2 Due to NO’s short-lived affect, direct measurement of this
molecule has proven difficult, and nitrites and nitrate are best to be quantitated instead as
they are NO’s oxidation products.2 Normal concentrations of nitrate and nitrite in blood do
not usually exceed 4-9mg/L and 0.3mg/L respectively,3 and 47.6 mg/L and 0.5-1mg/L
respectively for nitrate and nitrite in urine.4 Current methods involving simultaneous
detection of nitrate and nitrite are often carried out with the anions detected independent of
each other, with small requirement of sample pre-treatment. For methods involving
sequential techniques, the process involves the detection of nitrite only with the requirement
of sample pre-treatment. Pre-treatment involves the reduction of nitrate to nitrite, and nitrite
then derivatized via 2,3-diaminonaphthalene (DAN) to form 2,3-naphthotriazole (NAT). Some
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sequential techniques also involve the alkylation of both nitrite and nitrate. Over 200
analytical methods for the detection and analysis of nitrite and nitrate have been studied and
published in chemical/medicine orientated journals. Unfortunately, only a small portion of
these methods can be applied to human biological fluids.
In hydrogen sulfide (H2S) poisoning cases, it is very difficult to analyse free H2S in blood due
to its volatility and oxidation habits. Although naturally occurring in blood and urine,
thiosulfate (S2O3) is a product of the oxidation of sulfide and has been detected in large
amounts in previous hydrogen sulphide poisoning cases due to the additional oxidation
reactions with sulfide.5 Due to the spontaneous oxidation of sulfide, S2O3 is detected in blood
and urine, instead of sulfide to confirm the fatality by H2S poisoning.6 Normal S2O3 levels
found in blood and urine do not normally exceed 3uM and 30uM respectively.7/8
Common techniques used for the detection of anions in biological fluids are ion
chromatography, gas chromatography and high-performance liquid chromatography.
Different detectors are equipped along with these methods with the most common detectors
being UV, DAD, ECD and MS. Equipment frequently seen in toxicological laboratories include
HPLC-DAD, GCMS, HPLC/MS, and HPLC-HRMS (high resolution mass spectrometry), with ion
chromatographs coupled with ECD’s being less common.
The objective of this paper was to identify and critically evaluate the current separation and
detection techniques in current literature that involve the analysis of anions in biological
fluids. In order to conclude with an ideal method for each anion, factors such as sample type,
sample preparation, separation type and detector coupling were considered in the
investigation.
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MATERIALS AND METHODS
A systematic review was performed to determine the most suitable analytical technique for
the determination and quantitation of nitrite/nitrate and thiosulfate in biological fluids. The
systematic review consisted of eight stages, summarised in Figure 1.

Determine the
Research Question

Design a Protocol

Search Published
Literature

Screen Collected
Literature

Extract Data from
Literature

Assess Quality of
Data

Exclude Irrelevant
Data

Discuss & Conclude
Overall Findings

Figure 1: Adapted from Higgins J, Green S (2008).9 Adapted with permission.
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Searching the literature.
Databases including but not limited to Elsevier, PubMed, Web of Science and SciFinder were
used to source studies related to the detection of nitrite/nitrate and thiosulfate in biological
fluids. The databases were searched using keywords such as anion poisoning, ion
chromatography, gas chromatography, liquid chromatography, post-mortem and their
synonyms (Table 1). The literature collected was recorded and evaluated.

Keyword

Synonyms

Anion poisoning

Hydrogen

sulfide

poisoning,

nitrite

poisoning, nitrate poisoning, overdose,
corruption, harming
Chromatography

Detection method, ion chromatography, gas
chromatography, liquid chromatography,
high-performance liquid chromatography

Post-mortem

Autopsy, examination, after death

Table 1: Keywords and their synonyms used to locate current/previous literature.

Assessing data.
The collected data was subject to inclusion and exclusion criteria designed by the reviewer to
filter the large amount of literature into more specific and relevant pieces. The present study
specifically focused on methods developed and reported from 1990 to present. To ensure a
thorough analysis, methods older than 30 years old, not in biological fluids, not in blood,
plasma, urine or serum, and methods using uncommon equipment were excluded. After
exclusion, a total of 20 methods relevant to the research were identified. 10 methods and 9
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methods for nitrite/nitrate and thiosulfate detection respectively, were included. Decision
trees of exclusions for each nitrite/nitrate and thiosulfate detection are shown in Figures 1
and 2.

Figure 2: Decision tree for nitrate/nitrite detection literature.
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Figure 3: Decision tree for thiosulfate detection literature.

The remaining 20 analytical methods left for analysis were critically evaluated comparing
factors such as type of sample, size of sample, pre-treatment of sample, method of separation
and detection, detection ranges and limits. These findings were tabulated along with
advantages and disadvantages of each method. Using this table of data, methods were
compared, and a methodology was identified as most suitable for each nitrate/nitrite
detection in blood/urine, and thiosulfate in blood/urine samples.
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RESULTS
Data extracted from the 10 nitrate/nitrite detection analytical techniques in the literature has
been tabulated in Table 2 below. Factors emphasized include sample type, separation
method, detection type, sample pre-treatment, as well detection limits and/or ranges.

Table 2: Data extracted from nitrate/nitrite detection techniques.
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An ion chromatography method used little pre-treatment for the sample, with a simple
purification step using a C18 column. Nitrate and nitrite were detection directly with
detected values of up to 129 uM and 1.74 uM respectively. The range of detection for this
method for nitrate is 4.98 – 167.6 uM.3
Out of the four methods that utilised GC coupled with MS detectors, two involved the sample
preparation step of alkylation of nitrate and nitrite prior to injection into the column.
Detection of nitrite and nitrate using the negative ion CI mode, resulted in a detection limit
of 0.005 uM. Detected values of nitrate reached 65uM, being nearly 9 times higher than the
mean level of their volunteer samples. Nitrite was not detected in their samples, possibly due
to its unstable nature and conversion to nitrate.

12

The second method with this pre-

treatment produced a detection limit of 0.01uM and detected levels of 190-444uM.15
Remaining literature using the GCMS technique used the same pre-treatment step for urine
and plasma samples. By derivatization of NO3 and NO2 before analysis, one study detected
levels of NO3 and NO2 in plasma samples were 141 uM and 4.44 uM respectively. 16 with the
other detecting levels of NO3 and NO2 of 488 uM and 1.58 uM respectively. 4
Urine samples were analysed via LCMS/MS, with NO3 being reduced to NO2 and NO2
derivatised to NAT by DAN. Detection limits for this reaction was NO3 0.025 uM and NO2 0.003
uM.17

Under the HPLC conditions of Li, Meininger and Wu (2000)10 the reduction reaction of nitrate,
did not seem to interfere with the conversion of nitrite with DAN to form NAT, nor the
separation ability of the chromatograph. DAN and the subsequent fluorescent substances
present in the plasma/urine were separated from NAT on the HPLC system, and could not be
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picked up in the detection of NAT. The detection values for nitrate and nitrite were 1.36 uM
and 0.69 uM in plasma respectively, and 60.5 uM and 0.683 uM in urine respectively. The
detection limit for nitrite and nitrate in this study was 0.1 uM.10
A method of HPLC coupled with a UV detector was carried out without sample pre-treatment
to ensure little manipulation of the sample. Analysis was done without deproteinization and
filtration. Detection of nitrite and nitrate was direct, with plasma samples diluted 1:4, and
detection carried out at 212nm for both anions. Detection values for nitrate and nitrite were
45.4 uM and 1.372 uM respectively.11 A HPLC method was coupled with a UV-MS detector
and included the pre-treatment step of derivatization of NO2 with Griess reaction, with the
direct detection of NO3 via UV. Detected levels in this study were 4.69 – 183 uM and 0.06 –
1.65 uM for nitrate and nitrite respectively.

13

Finally, a HPLC method coupled with

electrochemical detection, NO2 in the sample was detected directly with little sample
preparation. Detection limit for this reaction was 0.04uM, with detected levels 4.3 – 435 uM
for NO2 in whole blood. 14
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Data extracted from the 9 thiosulfate detection analytical techniques in the literature has
been tabulated in Table 3 below. Factors emphasized include sample type, separation
method, detection type, sample pre-treatment, as well detection limits and/or ranges.

Table 3: Data extracted from thiosulfate detection literature.
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An ion chromatography method coupled with a conductivity detector involved the
conversion of thiosulfate to sulfate through oxidation via hydrogen peroxide. This method
yielded a detection range of 0.84 – 32 uM for sulfate levels in urine.19
Three methods utilised LC coupled with tandem mass spectrometry detectors (MS/MS),
however one involved the detection of thiosulfate directly, and resulted in a detection limit
of 0.5 uM and detected levels of 57.5 uM in serum sample.18 The remaining two LCMS/MS
techniques derivatised thiosulfate into C7H2O3F5S2, and succeeded in a detection range of
0.5 – 250 uM, with detected levels at 331 uM and a limit of 0.25 uM, with detection at 98
uM for blood and urine thiosulfate respectively.7 A method using HPLC coupled with ion pair
detector involved the derivatization of thiosulfate with CMQT to form 2-S-quinolinium, with
a detection limit of 0.5 uM and detected levels of 87.37 uM.8
A study employed GC with ECD for both urine and blood, with thiosulfate alkylated and
oxidised to bis(pentafluorobenzyl)disulphide prior to analysis. The detection limit was 3 uM
for both urine and blood and detected levels were 120 + 430 uM and 25 uM respectively.21
The remaining literature used GC coupled with MS detectors with all but one involving the
alkylation and oxidation/conversion of thiosulfate to bis(pentafluorobenzyl)disulphide with
detection limits of 3 uM and values of 7 uM6 and 363 uM22 for urine and 143 uM20 and 18
uM22 for blood. The one differentiating method involves GCMS, with the derivatization of
thiosulfate to C7H2O3F5S2 and resulted in a detection limit of 3 uM and detected values of 89
and 142 uM for thiosulfate in blood.20
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DISCUSSION
Analytical Technique
Analyte separation and determination is heavily dominated by liquid chromatography and gas
chromatography methods coupled with mass spectrometry detectors. When it comes to
GCMS vs HPLC for the determination of nitrite and nitrate in biological fluids, it seems HPLC
is the more suitable option for use in toxicology labs. HPLC is ideal for applications involving
the detection of non-volatile analytes like nitrite and nitrate. Although some methods
summarised in Table 2 utilise the derivatization step, HLPC can detect nitrate and nitrite
directly and can competently separate ions without the requirement of a derivatization step.
Derivatization of nitrite and nitrate is necessary for analysis with GCMS to chemically alter the
anion to become more volatile. Thiosulfate is a volatile molecule and majority of studies have
detected this anion using GCMS. Without this step, GCMS analysis peaks can exhibit poor
shapes and reduced sensitivity, however with this step, the uncertainty of error increases
significantly. The need for the chemical derivatization of an analyte is prone to error due to
the variability in reagent (quality), lab conditions, and the presence of interferences within
the biological matrix. HPLC generally required less sample preparation and any treatment that
needs to be completed is simplistic and less prone to error for analysis than it is for GCMS.
For urine analysis with HPLC it can be as simple as dilution with water and injection of the
sample. However, an advantage GCMS has over HPLC is with matrix effects. In biological
samples, there are several known interfering species guilty of affecting anionic
measurements. Without stable isotopically labelled internal standards to counter these
affects, HPLC can be subject to error in analysis of biological fluids. When LC is coupled with
MS/MS, lower limits of quantification than GCMS are exhibited due to the dramatic reduction
of noise. These low limits of quantitation are an important factor when analysing for
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toxicology as working with a concentration close to the lower limit can have consequences.
Consequences include, a higher chance of error and the loss of some specificity of the
determination. Toxicology samples more often than not will have predicted high
concentration values of the analyte so nearing the detection limit should not be an issue.

Majority of literature for nitrate/nitrite detection in biological fluids, applied liquid
chromatography, specifically HPLC as the separation technique. However, there are studies
with differentiation in the detector used for analysis. Popular coupled detectors with LC are
mass spectrometry and UV-Vis. UV detectors have the ability to absorb within the UV/Visible
range (around 180-800nm) and are usually limited to few wavelengths. In biological samples,
the detected wavelength does not often change, and because of this, background noise tends
to be low. UV detectors are the most common in the toxicology field due to their sensitivity,
range of detection, and simplicity. Mass spectrometry detection provides more qualitative
information that is unique to the target analyte, such as mass allocation. It is highly sensitive,
however one of MS detectors difficulties is the detection of ions with no charge. When there
is a sample with no charge, the detector may poorly move the sample through the detector
to analyse it properly24. Sample preparation is vastly different for analysis via these detectors
and are summarised in Figure 4 below.
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Figure 4: Comparison of sample preparation procedures. From Georgita C, Sora I,
Albu F, Monciu M. (2010)25

When taking into consideration the above sample preparation procedures for each method,
and aiming to keep simplicity, LC/MS methods have the advantage of a simpler and faster
preparation procedure than that of LC/UV methods. LCMS procedures have also proven to
have high sensitivity and fast analysis times, making them ideal for toxicological analysis of
biological fluids.

For thiosulfate detection, LCMS methods provide little sample pre-treatment, however, have
lower detection ranges, which may pose issues when dealing with poisoning cases, with
expected high concentrations. Gas chromatography paired with mass spectrometry is a
popular method among literature and it is supported in this review to be the ideal
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methodology for detection in biological fluids. Although the requirement of the alkylation
and/or oxidation of thiosulfate, GCMS instruments are fast, sensitive and are commonly
found in toxicology labs making them an ideal choice.

Limitation to study
This systematic review and data analysed came across several limitations and weaknesses.
The major downfall of this research was the sample size. Systematic reviews are usually
conducted over longer periods of time (years) and literature is searched and screen routinely
for relevant papers.26 This research however, had a time restraint of 16 weeks, where all
aspects of the systematic review and analysis were to be completed. Due to this time
restraint, fewer studies than a normal review were included. There were also variations in
parameters between studies, such as concentration measurements and sample types, so in
order for fair comparison of published literature, common trends within studies needed to be
identified. This process of making literature comparable and for the possibility of conclusions,
resulted in a reduced sample size. Most papers focused on the environmental factors of
detection of nitrate/nitrite and thiosulfate, with detection performed on environmental
samples. Environmental samples were not included in this review, several had to be excluded
again, decreasing sample size.

Another downfall of this research is that there is no statistical significance of the results. The
comparisons made between studies were opinionated based on knowledge and have not
been statistically proved valid. This review could have been peer-reviewed and analysed by
other researchers to allow for this, however due to the time restraints, this was not possible.
For the results to be significant, a quantitative meta-analysis would need to occur, involving
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the coding of several parameters discussed earlier. This would then take into consideration
the RSD% values and validity of each study. The result from this may provide overall trends in
successful detection techniques, rather than individual results.

These limitations have highlighted gaps in knowledge surrounding the separation and
detection methods of anions in biological fluids. Repeated systematic reviews like this paper,
with longer duration, need to be conducted for a more significant result. Further analysis and
comparison of the specifics and minor modifications to procedures, such as column, eluent
and flow rate need be analysed for determination of the more practical method for detection
of nitrate/nitrite and thiosulfate ions in biological fluids.

It was hypothesised that high performance liquid chromatography coupled with UV detection
was the ideal separation and detection method for nitrate and nitrite, however, due to insight
on the evolving use of MS detectors, the null hypothesis was supported. It was hypothesised
that sample time affects the method selection for separation and detection of thiosulfate in
blood and urine, however, the use of one method for both samples was seen several times in
the literature, the null hypothesis was supported. Finally, it was estimated that gas
chromatography coupled with mass spectrometry was the ideal separation and detection
method for thiosulfate in blood and urine samples, and due to the majority of studies utilising
this technique and its simplicity and availability in toxicology labs, this hypothesis was
supported.
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CONCLUSION
The selection of analytical techniques for the detection of nitrate and nitrite is often based
on the sample type and the requirement of sample preparation. The use of HPLC/MS
technique is growing in reputation in literature, and due to its low sample preparation and
it’s simple, fast and sensitive detection analysis, it can be concluded that this method is a
recommended choice analysis of nitrate and nitrite in biological fluids. For thiosulfate
detection, GCMS is commonly used, and due to its simplicity and availability in toxicology labs,
is an ideal technique for the analysis of thiosulfate in blood or urine samples. Although this
study has provided direction for the analytical techniques in laboratories, further research is
required to support these findings and deem them statistically valid.
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