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ABSTRACT

Introduction: Perpetration of samples is one of the most important stages needed for trace residue
analysis of biological specimens when human exposure assessment is required. The samples preparation
process makes the analyte get more purified and enriched as well as more compatible to the analysis
instrument systems. The present study has concentrated on a systematic review of different articles
published regarding the sample preparation methodologies of human biological samples.

Material and Methods: In this systematic review, all articles related to the development of sample
preparation for trace residue analysis of heavy metals in occupational biological samples published in
English during 2009-2019, were considered. To meet the desired objective of the current study and
facilitate the related articles on physiochemical sample preparation methods accessibility combined
keywords of Mesh and non-Mesh, without any limitation in the type of studies, the Pubmed, Web of
Science, and Scopus were considered to be searched. Noteworthy, in this study, only the articles related
to the workers’ biological samples were reviewed.

Results: Based on the obtained results, after reviewing of the keywords trough websites, 2964 articles
were identified. Then, the redundant papers were removed and59 articles were remained, based on their
titles and abstracts,. After detailed review of selected articles, regarding the study criteria, 8 articles were
selected for the final systematic review. Five articles out of 8, (62.5%) were allocated to the development
of sample preparation for mercury in biological samples. It is worth mentioning that the majority of
biological samples were regarded to the urine samples (75%) in the current study. Based on the obtained
results, Solid Phase Extraction (SPE), applied in 37.5% of studies, was a popular method used in sample
preparation.

Conclusion: The development of sample preparation approaches indicates a great promise for specified
methods with low costs and less extraction time when separating different heavy metals from complex
matrices. These sample preparation and preconcentration techniques ease the analyses processes and
provide the quantitative recoveries, higher sensitivity, and lower detection limits.
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1. INTRODUCTION

Based on the literature, researchers have had always
efforts to reduce time and costs, increase efficiency,
and simplify the sample preparation and detection
steps by developing and customizing different
sample preparation techniques. Many studies have
been conducted on developing various biological
sample preparation techniques. However, a limited
number of works have been performed to merely
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develop human biological sample preparation
methods for measuring trace amounts of heavy
metals in occupational exposures. Therefore, the
present structured study reviews the research
conducted on developing human biological
sample preparation techniques especialized for
determining the trace amounts of heavy metals.

2. MATERIAL AND METHODS
In this study, all the English papers published from
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Table 1. MeSh and non-MeSh keywords used to search for papers in databases

{"Soxhlet extraction" OR "Liquid-Liquid Extraction[Mesh]" OR "Microwave assisted extraction” OR "Solid "hase Lxtraction|Mesh]" OR "Immunc
extraction” OR "Molecularly imprinted polymer™ OR "molecular imprinted” OR "Dispersive spme extraction” OR "SFC (Supercritical Lluid

Chromatography) [Mesh]" <R "Supercritical Fluid Chromatography [Mesh]" QR "Supercritical Fluid Extraction[Mesh]™ OR "Chromatography,
Supercritical  Uluid[Mesh]”  OR "Supercritical luid  Extraction[Mesh]™) AND  ("Occupational  Exposure  [Mesh]"  OR - "Exposure,
Qccupational[Mesh]" OR "Lxposures, Occupational[Mesh]” QR “Industrial Iygiene[Mesh]” OR "Lmployee lealth[Mesh]" QR "Llealth,
Employee[Mesh]" OR "Occupational Groups[Mesh]" OR "Occupational Group[Mesh]” OR "Labor Force[Mesh]” OR "Labor orces[Mesh]" OR
"Precarious Employment[Mesh|” OR  “trace residual analysis™ OR "measurement” OR "development” OR “Analytic Sample Preparation
Methods[Mesh]" OR "sample preparation” OR "sample treatment” OR “sample pretreatment” OR "Nano toxicology” OR "hiochemical toxicology”
OR "Supercritical Fluid Extraction[Mesh]") AND ("Metals, Heavy[Mesh]” QR "Leavy Metals|Mesh]” OR "Mercury[Mesh]” QR "Cadmium([Mesh]"

OR"Arsenic[Mesh]" OR "Chromium [Mesh]" OR "Thallium[Mesh]" OR "Copper[Mesh]” OR" Selenium[Mesh]" GR"Zinc[Mesh]")

2964 papers were found by searching databases

v

2644 papers remained after deleting duplicate
papers

{

2644 papers were reviewed

—_— 2584 papers were excluded

\

Full texts of 59 papers were evaluated

—>] 19 papers were not about occupational

v

8 papers were reviewed systematically

51 papers were excluded from the study
because:

exposure
17 papers were not about biological samples
6 papers were not about heavy metals

9 papers were not about the analysis of partial
quantities

Fig. 1. Flowchart of paper selection process

2009 to 2019 on analyzing trace amounts of heavy
metals or developing a method for the analysis of
these metals among workers in all the occupations
were searched based on a combination of MeSH
terms and other keywords without any restriction on
the type of study in four databases of PubMed, Web
of Science, Scopus, and Embase, and then reviewed.
All the 2964 papers found were entered into
EndNote software (version X7, for Windows,
Thomson Reuters, and Philadelphia, PA, USA).
Duplicate papers were first removed to identify
the relevant papers and, then, two researchers
independently excluded those papers that were
not related to the purpose of the study based
on their titles and abstracts. The full texts of the
remaining papers were reviewed to identify the
papers that fully met the inclusion criteria. Data
such as the name of the corresponding author, year
of publication, place of study, preparation method,
chemicals and devices used, and type of biological
sample and metal were extracted from the studies.

3. RESULTS AND DISCUSSION

Out of 2964 papers collected, 300 papers were
duplicates and, therefore, removed from the study.
After reviewing them, 2584 papers were excluded
from the study based on their titles and abstracts.
The full texts of the remaining 59 papers were
carefully reviewed, 51 of which were deleted due
to non-compliance with the inclusion criteria.
Finally, the full texts of the remaining 8 papers were
reviewed and analyzed.

Based on the results, mercury or its compounds
(with 62.5%) and urine samples (with 75%) had
the highest rates of application among the studied
heavy metals and human biological samples
used to measure trace amounts of heavy metals,
respectively. Among the techniques examined for
sample preparation in this study, SPE was proposed
as the most frequently used sample preparation
technique, since it is quick and easy to perform
and is widely used to extract environmental and
biological samples.
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4. CONCLUSIONS

The results of the studies indicated that it is possible
to reduce extraction time and costs, increase
efficiency, and simplify the sample preparation
and detection steps by developing different
sample preparation techniques and making them
particular for the detection of different metals.
More appropriate measures can be taken to control
the exposure of individuals to heavy metals by
accurately determining their exposure status to
various metals in different work environments. In
this study, SPE was proposed as the most practical
sample preparation technique due to its ease
and speed of operation and widespread use for
extracting environmental and biological samples.
Therefore, further studies are recommended to
develop sample preparation methods, which can be
helpful in detecting and improving the exposure of
people to heavy metals in the workplace.
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