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Decay Type Radiation Emitted Generic Equation Model

Alpha decay ;tx ';x — ;:;X' + gu :’@ — @ 8'
Parent Daughter  Alpha
Particle
0 A Ay 4 0 é é
Beta decay 4B GX =, 1 X+JB @ — —
Parent Daughter Beta
Particle
. e 0 A A O e e Y
Positron emission 1 B zx —_ z-1 X ++1 B _@ — '@
Parent Daughter  Positron
Electron capture X rays '}x + _?e —»z_f X'+ Xray 0@ e — @ VAN
Parent  Electron Daughter  Xray
0 Relaxation 0 o ‘3"7‘ [
Gamma emission oY Axs — Ax + 0y » } — WA
Z 4 0 )

Parent Daughter Gamma ray
(excited nuclear state)

o 9
Spontaneous Neutrons A+B+Cx —» Ax 4+ By 4y cln & — &
fission Z+Y z7 Y o ¢ =
-]
ENER!

GY

Parent Neutrons
(unstable)

Daughters
noelady) Jladll ¥ Jedd)
Source: chemwiki.ucdavis.edu Notation of nuclear reactions — radioactive decays
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RELATIVE DOSES FROM RADIATION SOURCES

All doses from the National Council on Radiation Protection & Measurements, Report No. 160 (unless otherwise denoted)

millirems millisieverts
(mrem) (mSv)

Whole body CT 1,000 10

(single procedure)
1,000 mrem Upper
10 mSv gastrointestinal
X-ray
m (single procedure)

Radon in average 600 mrem

U.S. home
(annual)

6 mSv

700 7.50

228 mrem
2.28 mSv
Head CT

(single procedure)

Cosmic radiation
living in Denver
(high elevation)
(annual)

80 mrem
0.8 mSv
Mammogram
(single procedure)
From ICRP 2007

500 5.0

Cosmic radiation
living at sea level

42 mrem

(low elevation) 0.42 mSv

(annual)
30 mrem
0.3 mSv
Radiation in
the body
(annual)
Terrestrial 250 2.5
radioactivity 29 mrem
(annual) 0.29 mSv
21 mrem

0.21 mSv

Chest X-ray
(single procedure)
Living near a
nuclear power
station
(annual)

/ 0.1 mSv

<1 mrem
<0.01 mSv

Source: https://www.epa.gov/radiation/radiation-sources-and-doses
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English Summary

Nanomaterials have significantly advanced the domain of analytical
sensing for toxic heavy metal ions, owing to their remarkable physicochemical
properties at the nanoscale. These properties include an exceptionally high surface
area-to-volume ratio, which increases the density of reactive sites for ion binding;
the presence of surface functional groups that can be chemically engineered to
provide specific affinity toward target analytes; and quantum confinement effects
that impart unique optical, electronic, and catalytic characteristics not found in
their bulk counterparts. These features collectively facilitate rapid, selective, and
ultrasensitive detection of trace-level metal ions, enabling real-time and in situ
environmental monitoring.

This review highlights the deployment of various nanomaterial classes
such as metal oxide nanoparticles (e.g., ZnO, TiO2, FesO4), magnetic
nanostructures with superparamagnetic properties, carbon-based nanomaterials
(e.g., graphene oxide, carbon nanotubes), mesoporous silica nanoparticles,

polymer-based nanocomposites, and highly crystalline metal-organic frameworks
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(MOFs) as core components in next-generation sensing technologies. These
materials have been effectively integrated into diverse sensor architectures
utilizing optical (e.g., colorimetric, fluorescence, surface plasmon resonance),
electrochemical (e.g., voltammetry, amperometry, impedance spectroscopy), and
spectroscopic detection strategies to selectively identify hazardous metal ions such
as Pb*", Hg**, Cd*", As**/As*", Cr®", Ni**, and Co?".

The high specificity of these nanosensors is primarily driven by targeted
surface functionalization with metal-binding ligands, including thiol, amine, and
carboxyl groups, which coordinate with heavy metal ions to form strong and
stable complexes. Recent advancements have focused on the fabrication of hybrid
nanostructures and hierarchically ordered composites that enhance signal
transduction, broaden the detection range, and improve robustness under complex
environmental matrices. Additionally, these materials offer significant advantages
such as reusability, low production cost, environmental sustainability, and

adaptability to miniaturized sensor designs for field applications.
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