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Abstract

Methylmercury (MeHg) is an extremely dangerous and toxic organometallic
compound that has been found to be persistent and recurrent in various
compositions of the environment and is highly suspected to cause dangerous
problems in ecosystems and public health owing to the accumulative and
magnifying effects that it may cause in the food chain. Soil, one of the es-
sential components for both the storage and partial release of MeHg, is a
critical medium through which this compound moves within the environ-
ment and has impacts felt in the respective areas. Even though the level of
MeHg may be very low in soil, the main challenges in measuring the com-
pound include the minute concentration levels, the molecular adhesion to
organic matter as well as its change into other forms of mercury. Therefore,
this study looks at the different methodologies that enhance the separation
and detection of methyl mercury in soil followed by its determination at
lower levels of practice and higher precision for better analysis. The study
focuses on advanced methods such as distillation, purge-and-trap gas chro-
matography, and cold atomic fluorescence spectrometry (CAFS) which have
been proven to be useful in the determination of trace amounts of MeHg in
soil samples at ultra-low levels of detection considering the existing com-
plexities in the process. The study further discusses the advantages of em-
ploying automated devices, such as the HXAM-51(II) alkylmercury ana-
lyzer, in order to limit the chances of contamination during sampling, in-
crease the levels of precision within this critical area of research, and also
minimize the risks that laboratory operators are exposed to due to the pres-
ence of toxic mercury vapors. The application of the results obtained from
this study would deeply assist in the enhancement of the measurement tech-
niques, risk evaluation, and management methods intended to alleviate the
negative consequences that mercury pollution has in the delicate ecosystems
that exist on land.
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1. Introduction

Methylmercury (MeHg) is an extremely dangerous organometallic chemical com-
pound that greatly affects the ecosystems as well as the health of human beings
due to its long-lasting effects, bioaccumulation, and biomagnification when it en-
ters the food chain as observed in the case of many aquatic animals by scientists
and researchers in 2006 [1]. It is important to note that the soil is considered the
main sink and also as an important source of MeHg in various areas in the world
that may have been contaminated by uncontrolled industrial emissions, irrespon-
sible mining activities, and poor waste management [2] [3]. The detection of trace
MeHg contents in the soil still remains a major challenge due to the fact that it is
often present in very low environmental concentrations, is tightly bound to the
organic matter in the soil samples, and undergoes a lot of transitions to other
chemical forms of mercury such as mercuric chloride and other inorganic metals
with different properties [4].

To deal with this challenge, the researchers have applied pre-concentration
techniques in conjunction with state-of-the-art analytical instruments known for
their exceptional sensitivity and accuracy [5]. The common methods include the
following: distillation, nominating and also analyzing the behavior of fully ad-
sorbed MeHg by a more sensitive property of purge-and-trap gas chromatog-
raphy, and using high sensitivity cold atomic fluorescence spectrometry (CAFS)
to determine MeHg levels in soil at ultra-trace concentrations that could not have
been easily detected by other methods simultaneously [6] [7]. These techniques
have not only made the quantification of MeHg standards reliable but also re-
duced the risk arising from exposure for operators to toxic mercury vapors, thus
making the respective laboratories safer [8].

The current research project provides a detailed examination of the pre-con-
centration and detection of methylmercury in soil samples, using advanced mod-
ern instrumental methods that have been developed over the years as a solution
to this daunting problem. The experiment strives to optimize sample preparation
as well as the various analytical conditions with the hope of enhancing detection
efficiency while at the same time producing useful data that can be applied in en-

vironmental monitoring, carrying out risk assessments, and the prudent manage-
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ment of ecosystems that have been contaminated by mercury with safety for hu-
mans and the natural environment being a priority for the project. Moreover, it is
aimed at outlining the significance of controlling the discharge of methylmercury
in the soil by incremental solutions for suitable treatment and avoidance of any
kind of displacement of mercury into the environment.

The current methodological approaches aimed at identifying the dangerous na-
ture and level of methylmercury in the soil comprise a systematic study of the
mercurial compound specific conditions and treatment of the soil samples in the
laboratory in order to improve the subsequent stage of analysis. Distillation, that
has become one of the most important steps in methylmercury extraction from
the soils, was improved by adoption of purge-and-trap technology designed for

total extraction of the metal

2. Analytical Methods

2.1. Selection of Analytical Techniques

One of the most essential tasks in selecting methylmercury (MeHg) detection
methods in soils is choosing the right analytical techniques, considering the nature
of the compound and its diverse interactions with the soil [9] [10]. For all kinds
of scientific investigations concerning toxic organometallic compounds, the main
factor on which the reliability of the results depends will be the manner of analysis
chosen. Methylmercury is often found in very small quantities in the soil, tightly
bound to organic substances, which in turn frustrates the direct measurement
[11].

The gas chromatography in combination with a cold atomic fluorescence spec-
trometry (GC-CAFS) has become one of the strongest lights among the existing
treatment of MeHg types [12]. This technique allows extremely precise work with
detection levels down to the picogram of MeHg, which is indispensable when
dealing with soil samples where the substance concentration is very low [13]. The
capability of GC-CAFS is what makes it a leader in so many research works of
environmental monitoring that require reliable results [14].

A very difficult situation in the study of MeHg is the presence of potential in-
terferences due to the complexity of the soil matrix that comprises organic carbon,
humic substances, and other metals [15] [16]. To deal with such a problem, pre-
treatment steps like distillation have become a must in all standard procedures.
Distillation is very applicable in this case since it separates MeHg from other co-
existing species, thus, a minimum of interference is made at the instrumental stage
[17].

This is a step which is quite necessary for the enrichment of accurate chroma-
tographic separation and preventing the occurrence of false positives or underes-
timating concentration levels [18]. When distillation is performed before the in-
strument, the researchers can be quite sure that the GC-CAFS method is not only
sensitive but also correct in separating methylmercury from other organomercu-

rials [19]. Consequently, the assistance of distillation in the employment of spec-
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trometric methods of high technological standards has been a turning point in the
provision of safe andSound environmental MeHg monitoring.

It is really a big deal when you have to decide what constructive and analytical
methods to use for methylmercury analysis. On the one hand, there are highly
sensitive techniques like GC-CAFS, on the other hand, they require very careful
handling of the sample and a skilled operator to avoid contamination and wrong
measurements [20]. Soil is the lifeblood of this earth, but as a natural medium, it
continues to be a very difficult analytical challenge, which in turn demands very
rigorous prep work such as the use of acid-washed containers and the use of
equipment that is free of contamination [21]. Besides, the performance of the
analysis depends also on the calibration with reference standards so as to ensure
the correctness of the measurements down to ultra-trace levels. The use of sensi-
tive instruments in close combination with the carefully designed pre-treatment
procedure has allowed for the low-level detection of MeHg in soil samples, hence
it is really important when the source of pollution and the potential danger to the
environment are being identified [22]. Therefore, when choosing an analytical
method, it should be the unit and procedure that combine both instrumental
power and methodological rigor in sample pre-treatment.

Moreover, the implementation of such sophisticated methods like GC-CAFS
also indicates the growing prominence of automation in environmental analysis
[23]. Automated instruments like the HXAM-51(II) fully automatic alkylmercury
analyzer, which has been created to meld five activities—sample introduction, sep-
aration, and quantification—into a single operation are the outcome of this devel-
opment. These insturments not only improve sensitivity and reproducibility but
also lower the risk to the staff in the lab by limiting the direct contact with the
mercury vapors which are very toxic [23]. Furthermore, automation is what allows
a big number of samples to be processed within a very short time, thus enabling
large-scale monitoring projects to be realized. Hence, the decision to employ the
GC-CAFS along with automation is not only by virtue of its analytical performance
but also by virtue of its practicality and safety in modern laboratory environments.

The decision of the analytical methods to be used in the methylmercury deter-
mination in soil should be the first to be made by a method that would be sensitive,
selective and reliable [24]. The gas chromatography combined with cold atomic
fluorescence spectrometry (GC-CAEFS) improved by distillation pretreatment is
still the best way for MeHg detection at ultratrace levels [25]. The introduction of
automated systems contributes to the process, as it can lower the risks of contam-
ination, make the method more accurate, and also keep the laboratory operators
safe. By skillfully selecting techniques that not only deal with chemical complexity
in soils but also address the toxicological risks of mercury, researches can generate
the correct data [26]. This kind of methodological rigor is very important, firstly,
in the scientific realm for understanding purposes but also for environmental
management and risk assessment strategies which are aimed at reducing the ef-

fects of mercury contamination [26].
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2.2. Operational Simplicity and Automation

The use of automation in methylmercury (MeHg) analysis has revolution the la-
boratory procedure in such a way that the previously complex workflows are sim-
plified and the users can handle highly integrated systems easily [27]. In earlier
days the analysis of MeHg in soil was so complicated that it was necessary to do
multiple manual interventions in the process which involved sample handling,
chemical pre-treatment, separation, and measurement. Every single manual step
could contaminate the sample and cause mistakes made by the operator, both of
which would result in less trustworthy data. Advanced instruments like the fully
automated alkylmercury analyzer HXAM-51(II) has now made it possible to com-
bine all these stages into one single automated workflow [28]. Moreover, the pre-
sent operational structure also encourages the use of the GC-CAFS method by a
wider scientific community irrespective of the level of their instrumentation skills.
The handling of mercury compounds is always exposure to serious health risks
since the process of mercury vapor being released during the analysis is both vol-
atile and toxic [29]. Manual processing methods elevate the possibility of exposure
to the technique users, especially when many samples are treated [30]. The
HXAM-51(II) automated system and its kind provide an almost zero-exposure
situation when the entire process is inside a closed unit leaving the researchers
free from any risk of intoxication [31]. In addition to that, the system is also a way
of promoting stability in analytical conditions, an important part of the whole
process when one is dealing with trace levels of methylmercury. This coupling of
safety with reliability further proves that tech innovations are capable of solving
scientific as well as workers’” problems simultaneously.

All manual operations are subject to variations as there are differences between
operators, environmental conditions, and handling methods for samples, which
can all lead to inconsistencies [32]. In contrast, machines that perform the same
task automatically have the precision to minimize the differences that frequently
occur when humans perform the same tasks due to human errors or other factors.
Such consistency is particularly essential in the case of methylmercury research as
even minor measuring errors can alter the conclusion significantly quite the
wrong way about the level of contamination. The use of automated processes re-
moves any possible bias in the sample collection, separation, and quantification
stages, thus yielding reliable and repeatable results [33]. Additionally, this ap-
proach makes it possible to handle larger sample volumes with the same quality
as before, which is very important for environmental studies that look for changes

in the levels of pollution either over time or in different locations [33].

3. Preparing Samples before Analysis
3.1. Sample Collection and Preservation
In any analysis, the quality of results obtained from soil samples depends strongly

on the sampling strategy and handling procedures. In this study, soil samples were

collected from Chemu, Zimbabwe, using clean, acid-washed bottles to minimize
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contamination. A total of three replicate samples were taken from each site to
ensure reproducibility, with sample masses of approximately 500 g per replicate.
To validate analytical performance, certified reference materials (CRMs) were in-
cluded alongside field samples. During handling, precautions were observed to
avoid altering the state of the samples. To prevent microbial activity or unwanted
transformation of mercury species, all samples were stored at low temperatures
(<4°C) until analysis [34]. For pre-concentration steps, all glassware and PTFE
tubing were thoroughly acid-washed and rinsed with ultrapure water to eliminate
potential interferences from residues of previous analyses. These measures en-

sured transparency, reproducibility, and reliability of the obtained results.

3.2. Units and Measurement Standards

Nanograms per kilogram, commonly abbreviated as ng/kg, is the preferred unit
for expressing the concentration of methylmercury in soil samples. In scientific
practice, SI units are preferred as they guarantee uniformity in research findings
with different institutions [34]. In the course of these analyses and assessment,
reporting should be precise despite writing zero as an indicator for decimal values
being lower than one i.e. “0.25 ng/kg” [35]. Also, the use of hybrid or mixed units
in measurement such as a combination of SI ones and non-SI ones leads to possi-
ble inconsistencies in the dimension hence it is recommended that researchers

should avoid them as much as possible.

3.3. Equations for Concentration Calculation

For precise quantification of methylmercury concentrations in soils, rigorous cal-
ibration with standard reference materials and application of suitable equations
relating detector responses with the corresponding concentrations are critical.
The most common equation adopted in this regard can be expressed mathemati-

cally as follows:

where C'is the methylmercury concentration (ng/kg), R is the detector response
(peak area or height), and A is the soil sample mass analyzed, equations should
be numbered continuously presenting them as equation 1, 2, and already referred.

Based on some work done by [36].

3.4. Common Sources of Error

Analytical errors are mainly contributed by contamination occurring during sam-
ple preparation, lack of instrument calibration, and improper deviation of instru-
ment settings [37]. One exemplary case arises when a baseline is run without cre-
ating a new project file thus overwriting data; this accidental action may cause
data loss that cannot be reversed. It is therefore important to underscore that
proper adherence to the protocols set out during an experiment by [38] could sig-

nificantly minimize these mistakes due to their varying consequences such as;
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wrong encoding given different units any of them do not match those stipulated.
Some other errors stemming from human beings then include misrepresentations
on this sub-figure such as typing errors, wrong abbreviations, which link to mis-
interpretations. Strictly sticking onto the processes and realizar a comprehensive
and thorough revision of laboratory notebooks are all valid measures that could

enable one to avoid such errors effectively while at work in laboratories.

3.5. Operating Parameters That Are Important in Preparing and
Analyzing Samples

The following organizing conditions were followed to provide reproducibility in
pre-concentration and the detection of methylmercury in soil:
Distillation:
e Temperature: constant heating at 130°C.
e Duration: 60 minutes per batch.
e Reagents: 25 ml of 6 M HCI and 20 ml of ultrapure water were used to add to
each 500 g soil sample before heating.
e Vessels: PTFE capped acid washed glass flasks were utilized to prevent con-
tamination.
Purge-and-Trap Conditions:
e Trap Type: PTFE Tubes are trap tubes packed with tenax, custom optimized
to contain volatile mercury species.
e Carrier Gas: Argon (99.999%).
¢ Flow Rate: Approximately 0.12 MPa carrier gas pressure; Approximately 0.16
Mpa purging gas pressure.
e Purge Volume: 600 mL during a time duration of 600 s to achieve effective
transfer of the analyte.
¢ Drying: 60s nitrogen blow to dry it out.
e Desorption Temperature: To release the analyte off the trap, it needs 130°C.
These parameters were normalized to all analyses to reduce variability and also
made the distillation highly effective in separating MeHg and the soil matrix and
purge and trap system was used to quantitatively transfer the analyte to the GC-
CAFS detection phase.

3.6. Method Validation

In order to compare and assess the reliability and accuracy of the analytical pro-
cedure, a validation study was conducted. The limit of detection (LOD), and that
of quantification (LOQ) were defined in the nanogram per kilogram (ng/kg) to
verify the appropriateness of the approach in the analysis at ultra-trace levels of
methylmercury in soil matrices. Spiking known concentrations of methylmercury
into soil samples and analyzing them, under identical conditions, constituted re-
covery tests. The recoveries were obtained between 92 and 106 percent indicating
that the technique is capable of a good quantification in relevant environmental

levels. Relative standard deviations (RSD) determined on replicate (n = 6) samples
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within one day reflect intra-day precision and were less than 5% indicating high
levels of repeatability.

This combination of validation measures demonstrates that the distillation and
GC-CAFS combined method, with the automated HXAM-51(II) analyzer, is sen-
sitive, reproducible, and accurate in detecting very low levels of methylmercury in

complex soil matrices.

4. Analysis Process
4.1. Startup

At the beginning of the process, which conducts an in-depth analysis. The gas
required for the fully automated alkylmercury analyzer in order to obtain accurate
results is prepared. Non-reactive, high-purity argon gas is used in arena as carrier
gas, while either high purity nitrogen or argon is used as the purging gas in the
circuit. Once all the gases are ready, it is required to set the gas pressures in ac-
cordance with the requirements defined by the manufacturer: ~0.12 MPa for the
carrier gas and ~0.16 MPa for the purging gas, which are later on monitored dur-
ing the entire experiment [39].

The gases are checked to determine if they are stable or not before the automatic
sampler and the main power of the analyzer apparatus is switched on, a step which
must be strictly followed. Thereafter, the software for operating the system is
started and checked whether the detectors are properly connected. It is important
to note that before starting the experimental procedures, the mercury lamp is
turned on, and the system voltage is set, mostly at ~400V. Other main parameters
which remain key include purge time, drying time, analysis temperature, and
cracking temperature for acetylene method, also explained in Table 1 below. This
process is extremely crucial as it lays a foundation for the whole analysis process

by evaluating any possible biases in measuring electrical signals.

Table 1. Recommended operating parameters for startup.

Parameter Recommended Setting Notes
Carrier gas pressure ~0.12 MPa Argon; adjustable on-site by engineer
Purging gas pressure ~0.16 MPa Nitrogen or argon
Voltage (detector) ~400 V Adjusted during installation; may vary slightly
Blowing (purge) time 600 s Ensures efficient analyte transfer
Drying time 60 s Removes moisture before analysis
Separation/analysis time 600 s Maintains chromatographic separation
Analysis temperature 130°C Optimal for methylmercury separation
Cracking tube temperature 700°C - 800°C Converts organomercury to elemental mercury
Column temperature 50°C Maintains peak resolution

Source: Beijing Hongxin Zhiyuan Technology Co., Ltd. (2023).
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4.2. Baseline Stability and Sensitivity

A major result of the study was the evidence for baseline stability during the cali-
bration of the measuring instrument. The HXAM-51(II) analyzer went through a
stabilization process of around 1800 seconds, in which the detector output was
within a range of 150 pV. It was very important to get such a stability for correctly
identifying the chromatographic peaks of methylmercury and ethylmercury in
soil samples. A stable baseline was minimal signal drift and better sensitivity for
trace-level detection. The data demonstrated that the stability allowed quantifica-
tion at levels at picograms, thus the system can be used for ultra-trace environ-
mental monitoring. These results underline that baseline stability is not only a
requirement for quantification but also an instrument sensitivity characteristic
when considering methylmercury studies [40].

The operation of the baseline function is generally performed just after initia-
tion of a new project after being created in the system software if it is desired to
do methylmercury detection. The time for this stabilization period is usually 1800
seconds as shown by Figure 1 which is equivalent to about 30 minutes in terms of
time. During this time, the detector which is a very sensitive electric machine is
preheated until the electric signal emitted is stable and thus it cannot exceed the
range of 150 V. As the saying that goes “the beginning is vital”, a stable baseline
is very important for identifying the subsequent peaks that correspond to methyl-
mercury and ethylmercury and thus it makes it possible for their quantification to

be accurate and precise.

Baseline Stabilization over Time

450
400 -
350
300

250}

Detector Signal (uV)

200 -

150

400 600 800 1000 1200 1400 1600 1800
Stabilization Time (s)

Figure 1. Detector signal decreases as stabilization time increases, showing the system ap-
proaching a stable baseline.

Figure 2 shows the software interface designed for creating a new detection
project is a critical tool that facilitates seamless project initiation, particularly in

the context of baseline stabilization. This interface is user-friendly and intuitively

DOI: 10.4236/0alib.1114188

9 Open Access Library Journal


https://doi.org/10.4236/oalib.1114188

S. Blamah, S. X. Xu

organized to guide users through the various stages of project setup. Upon launch-
ing the application, users are greeted with a clean layout featuring clearly labeled
sections, including options for project naming, description input, and selection of
relevant parameters. The initial step involves entering a unique project title, which
helps in identifying and categorizing the project within the user’s workspace. Fol-
lowing this, a text box allows for a detailed project description, enabling users to

outline the objectives and scope of their detection project.

; User Interface
USER
PRESENTATION Presentation Logic
2
- z S g
Application Facade g g g 8
@ g 2 3 5
BUSINESS Workflow Components Entities o § o E
8
8 Data Access Data Utilities Service Tools
DATA
&= LocalData "] Mobile Device
I (e8]
<
Remote
':( Data Access 8 s Services Sync
fa] « Infrastructure

Figure 2. Software interface for creating a new detection project before baseline stabilization.

4.3. Running the Project

After defining the initial threshold, materials are put into the machine by means
of an automatic sampling appliance. Proper alignment of the sample containers is
essential to prevent misalignment or breakage of the injection needle. Calibration
provisions with identifiable methylmercury levels are synthesized into the soil
samples to make up the calibration curves.

The machine allows for specification of the sample category (standard or not),
standards nominal levels, and quantification of the approach. Compared to other
alternative methods, professionals prefer height because it provides accurate re-
sults. Also, standard calibration is done by the least-square regression as the pre-
ferred method. The sequence then runs automatically and the system does sample
pretreatment, concentrating, pyrolysis, and detecting using cold atomic fluores-
cence spectrometry.

Figure 3 shows the proper positioning of the sample tray in an automatic sam-
pler is essential for ensuring precise sample injection, which is crucial in analytical
processes. An automatic sampler is designed to streamline the sample handling
process, reducing human error and enhancing reproducibility. For optimal per-
formance, the sample tray must be aligned correctly within the sampler’s desig-
nated compartment. This alignment ensures that each sample vial is positioned
directly beneath the injection mechanism, allowing for accurate and consistent

sample transfer.
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D &G &G &G

Figure 3. Proper positioning of the sample tray in an automatic sampler for precise sample
injection.

4.4. Data Processing

After testing is complete, the computer software is able to spot peaks of interest
and the heights and areas of both the peaks. The findings appear in the sequential
analytical table indicating the different samples or standards that correspond to
the found values. In cases where the automated identification of peaks is not ac-
curate, the users are free to change the beginning of the peak, the highest point, as
well as the end point of the peaks manually.

Data generated by the software are saved in a structured manner, allowing for
easy access and reference. The analysis can then be performed using statistical
software, which allows for more in-depth exploration of patterns and relation-
ships. These include analyzing the effect of various factors on the concentration
of methylmercury in the soil, comparing results from different locations, as well
as examining trends over time. Interpretation of the outcomes helps in under-
standing the level of contamination in the sites and also gives the basis for future
actions needed.

Furthermore, considering that this technique is even more sophisticated and
capable of producing results of higher accuracy and reliability, quantitative anal-
ysis is done on very few samples. Any change in parameters is captured in real
time and effectively intertwined with appropriate data representation. The soft-
ware not only improves data quality but makes it easier to predict and control
future progress.

Finally, the analysis and the resulting data and the conclusions derived from it
can be reported in the given technical reports or even in the publication extract of
a paper so that the matter would be communicated to the relevant stakeholder.

Figure 4 demonstrates the stages and phases of sample sequence analysis with
peaks having quantification leading to the derivation of concentrations. The peaks
have been quantified adorn the report as evidence of correct interpretation of the
chromatographic data together with correct application of the mass of the sample
and concentration’s value. The analysis of the findings through the analytical pro-
cess provided is a true and objective representation of facts, which will later be

presented for further discussion.
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Figure 4. Completed sequence analysis showing peak identification and quantification of
methylmercury in samples.

4.5. Calibration Curves and Accuracy

The use of standard reference materials to calibrate the instruments resulted in
extremely linear regression curves with correlation coefficients (R?) of over 0.99.
Such strong linearity is an indicator of the instrument’s ability to correlate the
detector’s output directly with the concentrations of methylmercury in the soils
that have been identified. By the calibration curves that were produced, it is now
possible to calculate concentrations in unknown samples far back to the points
that the concentrations were known, thus ensuring the accuracy and the repro-
ducibility of the measurements. Besides, the system proved to be very stable
throughout the repeated calibration trials, which in turn reduced the potential for
errors caused by instrument drift. The use of linear regression had a great impact
on the success of the quantitative analysis and in addition showed the efficiency
of the automated workflow in dealing with different sample batches without any
great changes. These findings approved that the method is in compliance with
international standards of analytical precision and accuracy in environmental

monitoring as shown in Figure 5 below.

4.6. Chromatographic Peak Identification

Additionally, the findings supported the confidence and the reproducibility of the
chromatographic peaks during the analysis of the samples. Thus, the peaks corre-
sponding to methylmercury and ethylmercury were very well separated and at the
same time there were not any evident overlaps or interferences resulting from the
other soil constituents. The enhanced separation efficiency was mainly due to the
distillation pretreatment which, with great success, isolated MeHg from the soil
matrix of those compounds which could interfere. Numerical measurement of the
areas and heights of the peaks were made possible in the automated software that
was used, thus allowing the same measurements to be made in different replicates.
Moreover, the retention times of the peaks are emphasized due to their reproduc-
ibility and they also indicate the stability of the GC-CAFS technique, whereby

even the ultra-trace analytes can always be correctly identified. These chromato-
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graphic results serve as a confirmation of the method’s capability of managing the
complexity of the matrix and providing high-quality, easy-to-understand data
[41].

Calibration Curve for Methylmercury Detection
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Figure 5. Calibration curve for methylmercury detection.

4.7. Detection Limits and Environmental Relevance

The experiments showed that the system could detect methylmercury at very low
concentration levels with detection limits in the nanogram per kilogram (ng/kg)
range. This level of sensitivity is especially meaningful in the case of Methylmer-
cury environmental concentrations in soils, which are usually very low but still
have a significant ecological impact. Therefore, the detection of even the smallest
amounts of methylmercury allows the identification of early contamination signs,
which is essential for the environmental management sector to be proactive. This
excellent performance of GC-CAFS combined with the use of automated analyz-
ers, provides vital data necessary to make decisions about the level of contamina-
tion and plan a safe way of cleaning the polluted area. To this end, the technique
is enabling the achievement of the goals set by the international mercury pollution

conventions and protocols, e.g., the Minamata Mercury Convention [42].

4.8. Data Processing and Reporting Efficiency

The automatic data processing system was very effective because it offered quick
and convenient analysis outputs for example chromatograms, calibration curves,
and the concentration values in tabulated form. It did the peak detection as well
as peak quantification with almost no manual work. The case of adjustments is
replayed here; the working staff are able to make a correct adjustment of the peak
boundaries while still having the security of not losing efficiency. In addition, the
storage of the analytical results enables the possible comparison of samples col-

lected at different locations and times, thus allowing the study of their develop-
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ment and estimation of their possible risk to the environment. Furthermore, the
automatic report function made it possible to quickly and easily output publica-
tion-ready formats such as PDFs, thus significantly facilitating the communica-
tion of results to stakeholders. These are the benefits that verify the role of auto-
mation in environmental monitoring as it considerably diminishes the projects’
time and cost, yet is still instrumental in maintaining the same level of data quality.

Figure 6 highlights comparison of analysis time between manual and auto-
mated processes highlights significant differences that can impact efficiency and
productivity in various laboratory settings. In manual analysis, tasks often involve
multiple steps that require direct human intervention, including sample prepara-
tion, measurement, data recording, and analysis. Each of these steps consumes
time and is subject to variability based on the operator’s experience and workflow
efficiency. As a result, manual processes can lead to longer analysis times, espe-

cially in high-volume environments where repeated actions are required.

Comparison of Analysis Time: Manual vs Automated

14}

12+

Time Required (hours)

Manual Analysis Automated Analysis

Figure 6. Comparison of analysis time: Manual vs automated.

5. Results and Discussion

And the method was tested on soil samples that were taken at Chemu, Zimbabwe,
to illustrate its practical utility. Methylmercury (MeHg) in analysis samples was
between 1.8 and 6.3 ng/kg (3.9 ng/kg, n = 9). They are in the lower section of
concentrations that are often reported in uncontaminated or slightly contami-
nated soils, which are often below 10 ng/kg [43]. All samples felt within interna-
tionally accepted soil guideline levels of a mercury-contaminated site, which is
typically within 10s of pg/kg total mercury [44].

Although these levels are relatively low, the fact that MeHg could be detected is
the indicator that its constant monitoring is crucial because even small amounts
of this species are bioavailable and can be accumulated in biological food webs on

land. The results help prove that the created technique is sensitive enough to catch

DOI: 10.4236/0alib.1114188

14 Open Access Library Journal


https://doi.org/10.4236/oalib.1114188

S. Blamah, S. X. Xu

MeHg pollution early enough, thus facilitating proactive environmental risk as-
sessment.

Moreover, the lack of range between replicates (RSD < 5) demonstrates the con-
sistency of the technique in thick soil matrices. The measured concentrations are
also consistent with the literature on trace MeHg concentrations in soils due to
diffuse atmospheric deposition and background geochemical cycling but not acute
point-source contamination [45].

In general, these findings indicate analytical performance of the GC-CAFS with
automated pre-concentration and the environmental applicability, especially in
the evaluation of locations that are potentially at risk of mercury accumulation

with industrial or mining processes.

6. Conclusion

The conclusion of this whole analysis is the generation of reports that compile
chromatograms, calibration curves, and concentration values. The reporting soft-
ware provides multiple preview formats, including spectrum curves and summary
tables. These reports can either be printed or exported in PDF format, ensuring
the high professional standards expected in environmental monitoring studies.
The reports comply with the international set standards on the detailing of every
aspect of the study. Figure 4 presents an overview of printed sample reports,
which display both raw chromatographic data and processed results. Interpreting
the sample chromatogram in light of the concentration curve, and directly linking
it to the quantity of pollutants and their levels of concentration in the environ-
ment, allows for the quantification, integration, and presentation of the infor-

mation with a high degree of accuracy.

Limitations and Future Work

Although the resulting method proved sensitive and reproducible, it has a number
of limitations. A major difficulty is that humic substances and organic matter in
soils can co-elute with methylmercury and reduce detection accuracy due to ma-
trix interference. Despite the effectiveness of pretreatment by distillation to reduce
most interferences, trace co-extractives can still interfere. This may be prevented
by including more clean-up operations in future work, including selective solid-
phase extraction or using thiol-based sorbents to further purify methylmercury
species.

The other limitation is that it requires specialized equipment like the analyzer
HXAM-51(II) and GC-CAFS which not all laboratories may have due to cost and
infrastructure factors. The potential to use alternative detectors such as liquid
chromatography with inductively coupled plasma mass spectrometry (LCICP-
MS) may also increase access to methylmercury monitoring.

Further studies must also go beyond soils, to include other compartments of
the environment like sediments, surface water and biota (e.g. plants and invert

animals), because they are also part of mercury cycling and ecological peril. In the
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long run, monitoring campaigns of mercury affected sites such as in areas around

artisanal gold mining or industrial discharge would also enhance insights on

methylmercury behavior and guidance on remedial measures.

Having noted these weaknesses and what could be done to enhance the meth-

odology, this study shows that there are some strengths, as well as areas in which

research needs to be conducted in order to have a total picture on environmental

mercury.
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