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Abstract 

Background:  Water pollution due to the disposal of heavy metals in water bodies is one of the most global concerns 
that adversely affect the ecosystem and human health because of their non-biodegradability and potential of accu-
mulation. Copper is one of the most present metals in the environment released mainly from disposing of agricultural 
fertilizers and pesticides, mining operations, chemical, pharmaceutical, and paper manufacturing industries into 
stream bodies. The elevated exposure to Cu(II) causes severe toxicity, diabetes, anemia, kidney disorders, liver damage, 
and death.

Main body:  Several researchers developed detection methods and techniques for Cu(II) detection in the differ-
ent water samples and sources to ensure that Cu(II) concentration falls within the acceptable limit range, including 
atomic and molecular spectrophotometry, mass spectroscopy, sensors, voltammetry, and chromatography. This 
review spotlights recent Cu(II) detection trends in water samples, highlighting their detection limits, advantages, and 
disadvantages.

Conclusion:  Based on the water sample, detection limit, method cost, an appropriate analysis can be used. Recent 
trends of Cu(II) detection in water samples include atomic and molecular spectrophotometry, mass spectroscopy, 
sensors, voltammetry, and chromatography. The principle, definitions, experimental work, advantages, and disadvan-
tages of each method are discussed and highlighted.
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Background
Water scarcity is one of the global issues that highly 
affects the living quality and risks many lives. The dra-
matic growth in industrialization and population drives 
the continuous need for water for consumption and gen-
erates wastewater streams contaminated with various 
pollutants. Wastewater streams are considered the most 
predominant sources that contaminate drinking water, 
groundwater, and seawater with heavy metals. Although 
some metals in trace limits are beneficial for many bio-
logical processes, their presence at a higher level can 
cause adverse consequences on the whole ecosystem. 

For example, different types of fish accumulate heavy 
metals in their livers and muscle tissues (Kinuthia et al. 
2020; Sobhanardakani et al. 2011). The impacts of heavy 
metals will not only be on marine creatures; however, 
human health might also be affected significantly if these 
contaminants entered the food or the biological chain at 
an elevated level (Pesavento et al. 2019; Wołowiec et al. 
2019).

Copper (II) is one of the most common substances 
in the environment among heavy metals. Cu(II) is an 
essential micronutrient for several animals and plants 
and can be naturally accumulated in the food chain 
(Briffa et  al. 2020). The primary sources of Cu(II) in 
the environment are agricultural fertilizers and pesti-
cides, mining operations, chemical, pharmaceutical, 
and paper manufacturing industries (Wołowiec et  al. 
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2019). Besides, people with in-house-copper plumb-
ing systems are exposed to elevated Cu(II) levels in 
the drinking water than others due to pipe corrosion 
(Government of Western Australia 2016; Pesavento 
et  al. 2019). It is worth mentioning that the accepted 
level of Cu(II)in drinking water is1.3 mg L−1 (US-EPA 
2009; WHO 2004).

With the continuous world’s Cu(II) production, 
Cu(II) quantities in the environment, especially solu-
ble Cu(II) compounds, which are the greatest threat 
to people’s health, have increased, leading to adverse 
environmental effects. Long-term Cu(II) exposure can 
cause severe toxicity, diabetes, anemia, kidney dis-
orders, liver damage, and death (da Costa Lopes and 
Bogel‐Łukasik 2015; Government of Western Aus-
tralia 2016; Malik et al. 2019; Taylor et al. 2020). These 
adverse consequences arise the need for detection 
methods or technologies of Cu(II) in different water 
samples and resources, determining if the Cu(II) limit 
is acceptable or not, mitigating any risk for human 
lives.

Main text
Many methods have been developed to detect copper (II) 
Cu(II) in various water samples, including spectropho-
tometric methods (Awual and Hasan 2015; Fu and Yuan 
2007; Satheesh and Rao 2016), voltammetric methods 
(Liu 2017), sensors (Li et al. 2019), selective membranes.
(Zamani et al. 2007), and others (Seher et al. 2020; Wang 
et  al. 2014a, 2019; Yetimoğlu et  al. 2010). However, no 
previously published article comprehensively reviewed 
recent trends of Cu(II) detection in water samples, 
including advances in atomic and molecular spectropho-
tometry, mass spectroscopy, sensors, voltammetry, and 
chromatography.

Therefore, this review aims to comprehensively discuss 
these technologies for different water samples and evalu-
ate their benefits and drawbacks. Figure  1 illustrates a 
hierarchic graph of these methods.

Atomic spectrometric methods
Atomic spectrometric methods (ASM) use spectral dis-
persion equipment to isolate the determinable element 
signals (Broekaert 2006). ASM can be classified accord-
ing to the sort of spectral dispersion, either absorption or 

Fig. 1  Hierarchic graph of various Cu(II) detection methods in water samples
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emission. In atomic absorption, the ground-state atoms 
of metals absorb light at particular wavelengths to allow 
electronic transitions in their electron orbitals. On the 
other hand, in atomic emission, thermal energy cre-
ates excited-state atoms that emit light to return to the 
ground state. Atomic emission has the advantage of the 
possibility of measuring several different atomic species 
simultaneously (Bachmann and Miller 2020). ASM can 
also be classified according to the element signals and 
their detection, either photo-spectroscopy or mass-spec-
troscopy.In mass-spectroscopy, the atom is ionized with 
an electric charge to gain electrons. Then analytes are 
identified and quantified using the m/z generated from a 
sample (Thomas 2019).

Atomic absorption spectroscopy
Atomic absorption spectrometry (AAS) has been widely 
used for analyzing heavy metals. ASS includes sev-
eral techniques in which free atoms in a gaseous state 
absorb specific optical radiation, determining the atomic 
composition. AAS is classified according to the atomi-
zation methods into Graphite Furnace Atomic Absorp-
tion Spectrometry (GFAAS), Flame Atomic Absorption 
Spectrometry (FAAS), Cold Vapor Atomic Absorption 
Spectrometry (CVAAS), and Hydride Atomic Absorp-
tion Spectrometry (HAAS) (Baysal et al. 2013; Michalke 
and Nischwitz 2013; Zhang et  al. 2020). The concentra-
tion levels of detected elements present in the sample can 
be evaluated based on the absorption intensity(Baysal 
et  al. 2013; Zhang et  al. 2020). AAS can detect over 70 
elements in samples with different physical states, such 
as solid or solution phases. AAS, FAAS, and GFAAS are 
the applicable standard techniques for detecting Cu(II) in 
different liquid samples. A block diagram of AAS is illus-
trated in Fig. 2.

Graphite furnace atomic absorption spectrometry (GFAAS)
GFAAS, also known as Electro-Thermal Atomic Absorp-
tion Spectrometry (ETAAS), is one of the atomic spec-
trometric methods in which a small quantity of the 
sample is placed in a graphite tube that is heated to dis-
solve, decompose, volatilize, ash, and atomize the sample, 
respectively(Holcombe and Borges 2006). The detection 
is conducted by passing light from a line source, which is 

a characteristic of the element, through the graphite tube. 
The absorbance resulting from the existence of the free 
analyte atoms in the gas state is measured.

GFAAS provides reliable and accurate results, but the 
measurement takes a relatively long time, and the num-
ber of detectable elements is less compared to other AAS 
methods (Malik et  al. 2019; Zhang et  al. 2020). GFAAS 
has been used for heavy metals detection, including 
Cu(II) in water samples. Huang and Shih (1993) detected 
Cu(II) in seawater samples using GFAAS. The method 
provides high precision and accuracy for Cu(II) detec-
tion, where the detection limit of Cu(II) was between 
0.3–0.4 µg L−1 with the injection of a 20 out of µl of sea-
water, which was further reduced to 0.07  µg  L−1 when 
multiple injections were utilized (injection of five 20 µl of 
seawater).

Flame atomic absorption spectrometry (FAAS)
FAAS is a popular method that is widely used for the 
analysis of trace metals. The sample is aspirated through a 
tube to the nebulizer, broken into a fine aerosol. Then, the 
aerosol is carried to the flam by a carrier gas and broken 
up into its separate atoms. The atomization of the ana-
lyte in solution is performed using a mixture of oxidant 
gas and fuel gas, in which the fuel gas is also considered a 
carrier gas(Švehla et al. 2019). Nitrous oxide-acetylene or 
air-acetylene are the two types of combustion flame gases 
used depending on the thermal stability of the analyte, 
where acetylene-nitrous oxide (dinitrogen oxide) flame 
provides a temperature of 3000 °C, while for air-acetylene 
flame provides a temperature of 2300  °C(Baysal et  al. 
2013).

FAAS is extensively utilized for the analysis of high 
concentrations of trace metals in various samples. The 
detection limits of the FAAS technique are usually within 
the ppm range, and the analysis of the present elements 
in the sample takes few seconds (10 to 15 s) (Baysal et al. 
2013). Many studies and reviews have been conducted 
for the detection of Cu(II) utilizing FAAS. Khayat-
ian et  al. (2018) conducted an experimental work using 
FAAS for the detection of Cu(ll) and Pb(ll) in wastewater 
samples from refineries. Outcomes of this study showed 
detection limits of 4 ppb and 11 ppb for Cu(ll) and Pb(ll), 
respectively. Researches have been conducted to boost 

Source
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selector Detector

Signal 
processor

Fig. 2  Block diagram of AAS techniques
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the FAAS detection limit. Pourabdollah and Mokhtari 
(2014) enhanced the detection limit of Cu(II) in samples 
of the river and sewage water to ng mL−1by solid-phase 
extraction. Bagherian et  al. (2019) used a liquid–liq-
uid microextraction technique to enhance the detection 
limit of Cu(II) to 0.60 μg L−1 for 10 ml of water solution 
sample. Cloud point extraction allowed the determina-
tion of Cu(II) with a detection limit of 1.5 µg L−1 (Lemos 
et  al. 2007) and 0.04  µg L−1 (Goudarzi 2007). Disper-
sive Liquid–Liquid Micro-Extraction-Slotted Quartz 
Tube (DLLME-SQT) could detect Cu(II) in wastewa-
ter, tap, and seawater samples with 0.67 µg L−1 (Özzey-
bek et al. 2017). Spiking the samples can help in a broad 
range of concentrations between 21 and 1400 µg L−1 at 
324.754  nm, 249.215  nm, and 224.426  nm (Lima et  al. 
2010). Other related studies were covered in other lit-
erature (Citak and Tuzen 2013; Fathi et al. 2010; Ouyang 
et al. 2010; Saber Tehrani et al. 2005). Table 1 summarizes 
using of AAS to detect Cu(II) in various water samples.

Atomic emission spectroscopy
In contrast to AAS, thermal energy is used to cre-
ate excited-state atoms in Atomic Emission Spectros-
copy AES. The excited atoms emit light to relax to the 
ground state. AES has the advantage of measuring 
several different atomic species simultaneously (Bach-
mann and Miller 2020). AES methods include a flame 
photometer that uses a cooking gas flame to measure 
sodium, potassium, lithium, X-ray spectroscopy, and 
Inductively Coupled Plasma (ICP) that uses plasma to 

achieve a high temperature between 6000 and 10,000 K 
can analyze over 70 elements.

Although X-ray spectroscopy has been reported to 
detect Cu(II), it requires preconcentration before the 
analysis through complicated treatment methods, 
including precipitation by Ammonium-Pyrrolidine-
Dithiocarbamate (APDC) (Tomic et  al. 1985) and 
chelating solid-phase extraction disk (Hou et al. 2003), 
as well as it is not a standard technique for determi-
nation of Cu(II). Hence, X-ray spectroscopy will be 
skipped in this review, in addition to the flame pho-
tometer that is not used for detecting Cu(II). On the 
other hand, most heavy and earth alkaline elements are 
determined using ICP characterized by high tempera-
ture, electron density, excitation, and ionization capa-
bility (Deng et al. 2017). ICP can be classified according 
to the detection method into Optical Emission Spec-
trometry (ICP-OES) and Mass Spectrometry (ICP-MS). 
The difference between ICP-OES and ICP-MS is that, 
while the detection in ICP-OES depends on the emitted 
photons, ICP-MS depends on the mass to charge ratio 
m/z (Poirier et al. 2016). It is noteworthy that a combi-
nation of OES and MS has been investigated by many 
researchers (Deng et  al. 2017; Garbarino et  al. 1989; 
Sawatari et al. 1995). This combination allows analysts 
to benefit from exceptional, independent features of 
each detector, which will result in more accurate analy-
sis and a broader linear range of calibration curves, as 
reported by Deng et al. (2017).

Although X-ray spectroscopy.

Table 1  Summary of conducted studies on Cu detection by AAS in water samples

Method Water sample Detection limit References

GFAAS Seawater 0.3–0.4 µg L−1

0.07 µg L−1
Huang and Shih (1993)

FAAS Wastewater 4 ppb Khayatian et al. (2018)

FAAS
Samples were prepared by solid-phase extrac-
tion

River and sewage water ng mL−1 Taylor et al. (2020)

FAAS
Samples were prepared by highly selective 
dispersive liquid–liquid microextraction

Water/food samples 0.60 μg L−1 Bagherian et al. (2019)

FAAS Water samples spiked with Cu With different atomic lines at 324.754 nm, 
249.215 nm, and 224.426 nm, detection limits 
were 21, 310, and 1400 µg L−1, respectively

Lima et al. (2010)

FAAS 1.5 µg L−1 Lemos et al. (2007)

FAAS
Samples were prepared by cloud-point 
preconcentration

Seawater and river 0.04 µg L−1 Goudarzi (2007)

FAAS
Samples were prepared by
dispersive liquid–liquid micro-extraction-
slotted quartz tube (DLLME-SQT)

Wastewater, tap, and seawater 0.67 µg L−1 Özzeybek et al. (2017)
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Inductively coupled plasma‑optical emission spectrometry 
(ICP‑OES)
The principle of elemental analysis using ICP-OES 
depends on electromagnetic radiation emissions at wave-
length characteristics of a particular element and the 
intensity, which indicates the element concentration. 
These electromagnetic radiation emissions result from 
atomic relaxation to the ground state of their thermal 
excitation by the plasma. Inert argon gas entered into 
ICP-OES is subjected to a high voltage spark due to Radio 
Frequency (RF), which creates a magnetic field at 27 or 
40 MHz, resulting in ionization and plasma formation in 
the plasma torch (Jung et al. 2019; Rutzke 2018). Plasma 
torch composites of concentric quartz or ceramic tubes 
in which stable and sustainable plasma can reach a high 
temperature between 6000 and 10,000  K are produced. 
The ICP-OES can be configurated as either radially or 
axially viewed. Axial view provides better detection lim-
its, whereas radial view results in a higher upper linear 
range. The samples are usually introduced to the instru-
ment as an aerosol after converting from liquid through a 
nebulization process (Liu et al. 2021). The detector meas-
ures the emitted line intensity. The Components layout of 
radial and axial ICP-OES is illustrated in Fig. 3.

Many research works exist on ICP-OES. Donati et  al. 
reviewed the advances and applications of ICP-OES 
(Donati et al. 2017). Other researchers conducted experi-
mental work to detect various metals, including Cu(II), 
in water samples (Cui et  al. 2011; Ranjbar et  al. 2012). 
Giersz et al. (2017) could detect volatile and non-volatile 
elements using photochemical vapor generation pneu-
matic nebulization in the programmable temperature 
spray chamber (PCVG–PN–PTSC). Dimpe et  al. (2014) 

suggested optimizing the operation conditions in ICP-
OES to enhance the detection limit of Cu(II) in water 
samples. Suggestions include selecting a wavelength of 
324.754  nm, RF power to be1400 W, and plasma argon 
flow rate to be 0.95 L min−1. Ranjbar et  al. (2012) pro-
posed using Ionic liquid-based dispersive liquid–liquid 
microextraction combined with ICP-OES to determine 
trace quantities of metal, including Cu, Co, Ni, Mg, and 
Zn in environmental water samples, including waste-
water, drinking water, and fish farming pond water. The 
proposed optimum operating conditions are RF power of 
1.65 kW, nebulizer pressure of 140 kPa, and a Cu spectral 
line of 323.754 nm.

Inductively coupled plasma‑mass spectrometry (ICP‑MS)
ICP-MS has similar components and operational mecha-
nisms described in ICP-OES, such as the sample intro-
duction and plasma generation. However, In ICP-MS, 
after the samples’ aerosol is transferred into the high-
temperature plasma that generates ions, the generated 
ions are extracted through the interface region into elec-
trostatics ions (ion optics), as shown in Fig.  4. The ion 
optics is responsible for focusing the ion beam into the 
quadrupole analyzer, where the separations of ions take 
place upon their mass to charge ratio, which is subse-
quently measured at the detector (Chen et  al. 2020). 
ICP-MS can detect a wide range of heavy metals from 
different water sources and their isotopes. Several types 
of ICP-MS are used for detection, such as Multi-Collec-
tor Inductively Coupled Plasma Spectrometry (MC-ICP-
MS), which have a multidetector and can collect and 
analyze isotopes precisely. Another type is High Reso-
lution Inductively Coupled Plasma Mass Spectrometry 

Fig. 3  Components layout of a radial ICP-OES and b axial ICP-OES instrument (Rutzke 2018)
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(HR-ICP-MS). This type has an electric and magnetic 
sector for ion separation and focusing (Einschlag and 
Carlos 2013).

Many researchers suggest preconcentration of the 
heavy metal in samples before their analysis by ICP-
MS. For example, Xing et  al. (2019) indicated that 
50-time pre-concentrates of test samples using 250  mg 
of NOBIAS chelate resins before ICP-MS analysis accu-
rately detect the heavy metals including Cu (II), Cd (II), 
Mn (II), and Zn (II). O’Sullivan et  al. (2013) also sug-
gests preconcentration of the heavy metal, including Co, 
Cu, Ni, and Zn, using solid-phase extraction by inject-
ing the sample through a column of chelating sorbent. 
An optimized single-particle ICP-MS (spICP-MS) tech-
nique was utilized by Venkatesan et al. (2018) to analyze 
Pb, Fe, Sn, Cu, Ag in tap water samples. spICP-MS is a 
time-resolved analysis where the particles are detected 
as pulses above the elemental background signal. The 
instrument revealed that Cu(II) was detected in only 25 

water samples at a concentration range of 15–136 ng L−1. 
Table 2 summarizes ICP-OES and ICP-MS techniques.

Molecular spectrophotometric methods
Molecular spectrophotometric methods measure the 
absorption of ultraviolet (UV), visible, and near-infrared 
(NIR) electromagnetic waves by a molecule to identify 
and quantify the substance of interest. These molecules, 
known as a chromophore (or chromogen), absorb light 
at a specific wavelength producing peak absorbance, in 
which its area is proportional to the quantity of analyte 
(Bachmann and Miller 2020). Detection of Cu(II) using 
molecular spectrophotometric methods depends on the 
type of reagent that leads to chromophore formation.

Spectrophotometric techniques have been used to 
detect Cu(II) in wastewater (Awual and Hasan 2015; 
Fu and Yuan 2007; Satheesh and Rao 2016), where dif-
ferent types of reagents or ligands have been studied to 

Fig. 4  Schematic diagram of ICP-MS instrument (Gilstrap Jr 2009)

Table 2  Summary of ICP-OES and ICP-MS techniques

Types of ICP ICP-OES ICP-MS

Types None MC-ICP-MS
HR-ICP-MS

Types of torch view Radial or Axial Axial

Features Analytical grade reagents are sufficient
Few chemical interferences
High number of measurable elements

High sensitivity and selectivity
Multielement analysis cabapility
Large linear dynamic range

Minimum detection limits parts per billion (ppb) Parts per quadrillion (ppq)

References Bagda et al. (2017), Einschlag and Carlos (2013), Hasan (2001), 
Thermofisher

Einschlag and Carlos (2013), 
Hasan (2001), Thermofisher
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estimate Cu(II) concentrations in water using a chro-
mogenic reagent. For example (Alharthi and Al-Saidi 
2020) synthesized 4-amino-3-mercapto-6-[2-(2-thienyl) 
vinyl]-1,2,4-triazin-5(4H)-one (AMT) as chromogenic 
reagent. The experiment was first done by dissolving a 
specific amount of CuNO3·3H2O in deionized water to 
prepare a stock solution of C Cu(II) (50 µg mL−1). Then 
HACH LANGE (Model DR-6000) spectrophotometer 
was used to record electronic spectra and absorbance 
values of the ligand and its Cu complex, while Per-
kin Elmer CHNS/O analyzer model 2400 Series II was 
used to specify the elemental composition of the legend 
and its complex with Cu. To characterize the complex-
ity of Cu (II) and AMT different techniques have been 
used in this study, such as Fourier Transform Infrared 
(FTIR), scanning electron microscope (SEM), Energy 
Dispersive X-Ray Analysis (EDX), Thermogravimet-
ric analysis (TGA), and erythrocyte sedimentation rate 
(ESR). The rapid color production (a brown product) 
caused by AMT’s reaction with Cu(II) in less than 10 s at 
a wide range of pH values was concluded to be a sensi-
tive chemosensor for Cu(II) monitoring in water samples 
a detection limit of 0.011 µg  mL−1. As a result, the sug-
gested spectrophotometric approach is suitable for many 
laboratories’ rapid and routine analyses. Another chro-
mogenic reagent, azo-Schiff base 1-((4-(1-(2-hydroxy-
phenylimino)ethyl)-phenyl) diazenyl) naphthalene-2- ol 
(HPEDN), was studied by Raafid et al. (2020) in which it 
was complexed with Cu(II) and displayed a brown color 
with maximum absorption at λmax of 500  nm. In the 
concentration range of 1.7 to 5.4  g  mL−1. The obtained 
results were compared to those resulting from the flame 
atomic absorption spectrometry process, revealing that 
both methods produced similar results.

A third chromophoric ligand for Cu(II) ions is chloro 
(phenyl) glyoxime, which was investigated by Turkoglu 
and Soylak (2005) to determine trace quantities of Cu(II) 
using Hitachi Model 150–20 UV–VIS double beam spec-
trophotometer. The procedure followed in this study was 
started by applying 1000 µl of 0.05% chloro (phenyl) gly-
oxime solution to ten micrograms of Cu(II) in a 25-mL 
calibrated flask. Borate buffer was used to keep the pH 
of the solution 4.0. The solution was then combined and 
diluted using distilled water. A spectrophotometer was 
used to calculate the absorbance of this solution after 
10 min against a reagent blank at 290.5 nm. This proce-
dure showed a high molar absorptivity value, low detec-
tion limit (10  µg  L−1), easily applied to detect Cu(II) in 
actual natural water samples. In addition, a study by 
Sharma et al. (2010) showed that a maximum absorbance 
could be achieved through using a novel UV spectropho-
tometric method (Shimadzu UV–visible 160 A spectro-
photometer) based on complex formation of Cu(II) with 

reagent cefixime immediately in 1,4-dioxan-distilled 
water at ambient temperature. Less number of reagents 
utilized in this study without acid, buffer solution, and 
heating of reaction mixture besides too rapid analy-
sis showed that the proposed method could analyze Cu 
(II) in natural water samples with 3.19 × 10–2 µg mL−1as 
detection limit. For high precision and accuracy, another 
reagent that can react with Cu(II) under the same spec-
trophotometric technique is 1-(2-pyridylazo)-2-naphthal 
in a highly acidic solution at pH 2.40 to 2.55 to produce 
pink chelate with maximum absorption at 550 nm and a 
detection limit of 0.1–2.5 μg mL−1. Cu(II) can be detected 
using this method in industrial wastewater (Sarker 2010).

To avoid using hazardous solvents for Cu(II) 
detection in water samples, which may harm the 
environment. A study by Hashem et al. (2011) used non-
cancerous (green chemistry) and non-expensive reagents 
such as 5-(4-nitrophenylazo) salicylic acid (NPAS) and 
2,2’-Dipyridyl(Dp) as two ligands that made a high stable 
ternary complex of Cu(II) at λmax 525 by Job’s method 
and achieved 0.63–5.04 mg L−1 of Cu(II) determination.

Furthermore, reagent polyethyleneimine (PEI) has 
several advantages over other reagents, including fast 
detection, high sensitivity, good selectivity, a broad lin-
ear response spectrum, and low cost. The Cu(II) ion was 
found to have a higher selectivity by PEI than other ions 
investigated (Wen et  al. 2017). They used polyethyle-
neimine to produce a dark blue cuprammonium complex 
characterized by two absorption peaks at 275 and 630 nm 
with a detection limit for Cu(II)equal to 566 nM. On the 
other hand, using Cu(II) piperazine showed simple, accu-
rate, and effective Cu(II) detection in water and industrial 
wastewater (Kavitha et al. 2013).

The spectrophotometric determination of the Cu(II) 
content has also been determined by using the sodium 
salt of 4-phenylsemicarbazone1,2-naphthoquinone-
4-sulfon as a legend, which can be easily synthesized 
by using a water–ethanol solution for its recrystalliza-
tion (Zagurskaya-Sharaevskaya and Povar 2015). It was 
observed that the detection limit of the Cu(II) ions in tap 
water by spectrophotometric be 0.012  mg  L−1, and the 
concentration was about 0.0400  mg  L−1 same as what 
was given by the voltammetric method. It was recom-
mended to examine the used legend in this study in vivo 
applications because no effect was observed on biological 
systems. Table  3 summarizes different types of reagents 
to detect the Cu(II) using spectrometric methods and 
their detection limits.

Sensors
Using sensors for analysis has recently attracted attention 
due to their low cost, high efficiency, and great sensitivity. 
Advances of current sensor technologies are discussed in 
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this section, including electrochemical, colorimetric, and 
optical fiber chemical sensors.

Electrochemical sensors
Electrochemical sensors are a great addition to the trace 
detection of heavy metals because of their robustness, 
selectivity, fast analysis, and user-friendly devices. The 
principle of these sensors is to use electrodes through 
electrochemical technologies, such as anodic strip-
ping voltammetry, for heavy metals detection. The main 
advantages of electrochemical sensors include their 
inexpensive, sensitivity, and ease of operation. However, 
designing electrodes using new and economical materi-
als is essential for further improvement in the precision 
of the analysis and the results obtained (Pujol et al. 2014).

Romero-Cano et al. (2019) discussed the electrochemi-
cal detection of Cu(II) in water samples. Carbon paste 
electrodes formulated from bio-template (grapefruit 

peels) were used and functionalized with the carboxyl 
group. The Cu(II) detection involves three steps, as 
shown in Fig. 5. The first stage includes the adsorption of 
Cu(II) on the oxygenated groups of the used substance. 
Oxygenated groups provide protons to Cu(II), while 
water molecules recompense the other Cu(II) coordina-
tion. In the second step, a potential of − 0.4  V (vs. Ag/
AgCl) is applied to the medium, reducing the Cu(II) on 
the electrode surface. This step is followed by observing 
an oxidation signal (about − 0.2 V) due to Cu re-dissolu-
tion on the electrode surface, indicating Cu existence in 
the solution.

Timoshenko et  al. (2020) developed a selective sen-
sor for electrochemical detection of Cu(II) ions in the 
nanomolar concentration in biological systems. In this 
technique, electrodes with a 10 μm diameter were func-
tionalized with modified superoxide dismutase (E2Zn-
2SOD), where E represents the free active site of Cu 

Table 3  Types of reagents used in Cu(II) spectrophotometry detection method

Types of reagents used to detect Cu(II) using the Spectrophotometry method The detection limit of Cu(II)

4-amino-3-mercapto-6-[2-(2-thienyl) vinyl]-1,2,4-triazin-5(4H)-one (AMT) 0.011 µg mL−1

azo-Schiff base 1-((4-(1-(2-hydroxyphenylimino) ethyl)-phenyl) diazenyl) naphthalene-2- ol (HPEDN) 1.7 to 5.4 g mL−1

chloro (phenyl) glyoxime 10 µg L−1

Cefixime in 1,4-dioxan-distilled water 3.19 × 10–2 µg mL−1

1-(2-pyridylazo)-2-naphthal 0.1–2.5 μg mL−1

5-(4-nitrophenylazo) salicylic acid (NPAS) and 2,2’-Dipyridyl(Dp) 0.63–5.04 mg L−1

polyethyleneimine (PEI) 566 nM

The sodium salt of 4-phenylsemicarbazone1,2-naphthoquinone-4-sulfon 0.012 mg L−1

Fig. 5  Mechanism of Cu(II) detection (Romero-Cano et al. 2019)
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Cu(II). The reaction between Cu(II) and E2Zn2SOD has 
high specificity, guarantees high accuracy, selectivity, and 
sensitivity.

Many other studies discussed various electrodes, such 
as modifying bulk electrodes with graphitic carbon parti-
cles, nanocomposite of Cetrimonium bromide and ZnSe 
QD, and carbon electrode with immobilized silver hexa-
cyanoferrate nanoparticles. These investigations revealed 
the positive impacts of sensors characterized by high sen-
sitivity and lower detection limits (Fattahi et al. 2014). It 
is noteworthy that the combination of electrochemical 
biosensors could enhance sensor efficiency, selectivity, 
sensitivity, and detection limit, such as using gold nano-
material for detecting Cu(II) in wastewater (Ejeian et al. 
2018; Gumpu et al. 2015).

Colorimetric sensor
Recently, colorimetric sensors with gold and silver 
nanoparticles have played an essential role in several 
areas such as chemical, biological and environmental 
fields because they are simple, sensitive, and highly bio-
compatible. Ma et  al. (2011)discussed the colorimetric 

determination of Cu(II) during the generation and 
synthesis of silver and dopamine NPs. Dopamine is 
described as having the multifunctional ability, such as 
its ability to reduce metal ions to metal NPs (e.g., Ag+). 
Dopamine can decrease the silver ions to monodispersed 
AgNPs and operate the AgNPs generated. The oxygen 
and nitrogen in the dopamine can coordinate with the 
Cu(II) ion, and thus the AgNPs functionalized with dopa-
mine can coordinate with the Cu(II) ion. An aggregation 
of AgNPs and a color-changing response might occur due 
to the binding reaction of dopamine and Cu(II). There-
fore, in one step, production, modification of AgNPs, and 
the determination of Cu(II) ion can be achieved. Figure 6 
displays the primary mechanism of colorimetric detec-
tion of Cu(II) ions with a nanosilver/dopamine sensor. 
When silver nitrate is added to the dopamine solution, 
the solution color turns yellow, indicating monodis-
persed AgNPs. Changing the pH using NaOH facilitates 
the adjustment of the reaction rate.

Chen et  al. (2015) reported the main steps for the 
Cu(II) AuNPs-based colorimetric detection process, 
including the synthesis of AuNPs, the modification of 

Fig. 6  Mechanism of colorimetric detection of Cu(II) ion (Ma et al. 2011)
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AuNPs, and then the detection of Cu(II). However, this 
process is complicated, and there is a need for better and 
more effective sensors. Wang et  al. (2014b) discussed 
heavy metal detection in aqueous solutions using the col-
orimetric sensor. Rhodamine was used as the base colori-
metric matter, doped with CuCl2, CrCl2, NiCl2, and the 
change in the final solution’s color indicates a change in 
the solution properties such as pH, electrical conductiv-
ity, and optical properties.

Optical fiber chemical sensor
Optical transduction, which includes various Surface 
Plasmon Resonance (SPR) or localized SPR (LSPR) based 
sensing devices, has recently been proposed for heavy 
metals detection. SPR has many advantages, such as its 
high sensitivity, selectivity, cost efficiency, and fast rate. 
Moreover, it is an effectual marker-free technique used to 
determine the interface between an immobilized recep-
tor and a substrate. It has also been used for many dec-
ades for detecting different types of metals, including 
Cu(II) (Pesavento et  al. 2019). The detection technique 
is based on the diversity of the receptor layer’s refractive 
index at the metal surface, wherein the surface plasmon 
resonance is getting agitated once the metal ion comes 
together with the receptor. Pesavento et al. (2019) devel-
oped an SPR sensor for Cu(II) detection in drinking 

water. The sensor was based on the D-shaped plastic 
optical fiber (POF) using D, L-penicillamine as the recep-
tor. POF with a core of poly-methylmethacrylate and a 
fluorinated polymer layer was modified to recognize the 
optical sensor platform. The mechanism of the sensor 
can be obtained in three steps, as shown in Fig. 7.

The first step includes producing a D-shaped region on 
the plastic optical fiber by eliminating cladding and part 
of the core through a basic polishing procedure based 
on two polishing papers. In the second step Microposit, 
S1813 photoresist is turned on the exposed plastic opti-
cal fiber core using a rotating coater device to determine 
a layer between the metal and the plastic optical fiber. 
This layer can enhance the performance as it has a higher 
refractive index than that of the plastic optical fiber. 
According to Cennamo et  al. (2011), the spin coating 
method permitted the accumulation of a consistent pho-
toresist layer around 1.5-µm thickness. A thin gold film 
was spluttered in the third and last step. The procedure of 
spluttering was replicated three times thru operating an 
electric current of 60 mA, at a pressure of 0.05 mbar, for 
35 s, therefore, obtaining a 60 nm thick layer (20 manom-
eters of gold for every single step).

Abdullah et al. (2017) studied the use of optical biosen-
sors. He mentioned that the main principle of biosen-
sors is the use of biological substances such as enzymes, 

Fig. 7  Mechanism of Optical Fiber Chemical sensor (Pesavento et al. 2019)
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proteins, and receptors to detect various elements, 
including heavy metals (e.g., Cu(II)). It is used to measure 
the biological response, thus generating an electrical sig-
nal equivalent to the concentration of the measured sub-
stance. In recent years, a cell-free optical biosensor was 
developed by Gupta et al. (2019) to detect a wide range 
of copper and mercury present in wastewater by using 
genetically modified plasmids. In the same study, lucif-
erase and emerald-green fluorescent protein genes were 
used firefly separately as a detector, which resulted in an 
identical detection limit value of mercury equal to 1 ppb 
in Escherichia coli and the cell-free system. Table 4 sum-
marizes the detection limits and pH medium for each 
type of sensor in water samples.

Voltammetric method
Electrochemical practices are getting more attention 
in today’s world as an optimal method for Cu(II) detec-
tion in water samples. These techniques have many 
advantages such as low-cost equipment, easy procedure 
to follow, appropriateness for real-time detection, and 
transportability methods compared to others (Barshan-
Tashnizi et al. 2013). The following sections explain two 
selected techniques in the voltammetry category.

Differential pulse anodic stripping voltammetry technique
Electrochemical examination based on anodic stripping 
voltammetry (ASV) is an excellent method for detect-
ing heavy metals such as Cu(II) in water samples. The 
advantage of this method is that it can monitor mini-
mal concentrations of metals by the electrochemical 
amplitude on the electrode surface in a short time 
using relatively cheap equipment (Javanbakht et  al. 
2009; Rehacek et al. 2008). There are limited studies on 
detecting Cu(II) using ASV, but one good study was by 
Zhuang et  al. (2011), who used a gold microelectrode 
to detect Cu (II) in water samples using the differential 
pulse ASV technique. The water samples are first acidi-
fied by 0.01 M HNO3 as a backing electrolyte for Cu(II) 
detection purposes in the experimental work. After 
that, all samples are collected in acid-cleaned High-
Density Polyethylene (HDPE) taster bottles at a temper-
ature around -4 °C. Then, a gold microelectrode is used 
as a working electrode with a diameter of 25  μm and 
is motivated in H2SO4 by cyclic sweeping voltammetry 

in range from (− 0.15 to 1.5 V) at a specific scan rate. 
Anodic stripping resolution contains two main stages. 
Cu (II) is reduced to Cu(II) ion on the microelec-
trode surface at − 0.4  V and required time in the first 
stage. Moreover, the next stage is to oxidize the Cu(II) 
ion during sweeping analysis from (0–0.6) V. In order 
to quantify Cu(II), the current of the stripping peak 
should be measured in this method. Differential pulse 
(ASV) is accomplished for Cu(II) determination. The 
optimum conditions for differential pulse anodic strip-
ping voltammetry method are − 0.4 V for accumulation 
potential, 210  s accumulation time, 0.05  V amplitude, 
0.1 pulse width, and 10 s for pulse time (Zhuang et al. 
2011). Results of the proposed method can be reported 
by comparing the anodic peak of the voltammetric 
curve of the gold microelectrode in electrode without 
Cu(II) (dashed line) with the linear sweeping voltam-
metry curve in HNO3 (0.01 M) solution having 1um of 
Cu(II) at fifty mV/s scan rate (solid line). Fast chemical 
redox of Cu(II) is a logical reason behind the difference 
between the two mentioned curves, as shown in Fig. 8. 
So, it can be concluded that gold microelectrode is an 
excellent choice to discover Cu(II) sensitively.

Table 4  Summary of conducted studies on Cu detection by sensors in water samples

Sensor Water source pH Detection limit References

Electrochemical Water 1–6 2.5 μg L−1 Romero-Cano et al. (2019)

Colorimetric Tap water 10.8 1.5 μg L−1 Ma et al. (2011)

Optical Fiber Chemical Drinking water 2 0.02 µg L−1 Pesavento et al. (2019)

Fig. 8  Anodic peak of the voltammetric curve of the gold 
microelectrode in electrode without Cu(II) (dashed line) and the linear 
sweeping voltammetry curve in HNO_3 (0.01 M) solution having 
1 μm of Cu(II) at fifty mV/s scan rate (solid line) (Zhuang et al. 2011)
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Fast Fourier transformation continuous stripping cycle 
voltammetry
In this technique, Cu(II) ion is determined using the 
Fast Fourier transformation continuous stripping cycle 
voltammetry method by implementing a carbon paste 
electrode. A supported liquid membrane has been imple-
mented in order to recover Cu(II) from the feed sample 
(first chamber) with 2-Amino-N-(2-Pyridyl Methyl)-Ben-
zamide as an organic ligand (Fig.  9). Because of the pH 
difference between the two existing chambers, Cu(II) is 
transferred into the receiving chamber, in which Cu(II) 
ions can be detected using the Fast Fourier Transforma-
tion CCV with carbon paste electrode within 30 min. An 

organic ligand is used to detect Cu from the color inten-
sity change in a UV cell. It is noteworthy that pH value, 
scan rate, accumulation time, stripping potential, and 
reagent concentration are some influential factors that 
have a critical effect on the performance of the men-
tioned techniques in the voltammetry category (Mofidi 
et al. 2017; Romero-Cano et al. 2019).

Chromatography
Chromatography is an old but highly efficient method to 
separate the components in a mixture or purify a com-
pound mixture. In the chromatography, the sample is 
introduced into the mobile phase, and its affinity towards 

Fig. 9  Diagram shape of removal setup by utilizing supported liquid membrane (Romero-Cano et al. 2019)

Fig. 10  Schematic diagram of Dionex DX-500 system (Kulisa et al. 1999)
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the column stationary phase over the mobile phase con-
trols the separation. In the standard liquid chromatog-
raphy technique, the stationary phase is polar, and the 
eluent is nonpolar or less polar. However, in the reverse 
process, the stationary phase and eluent will be the oppo-
site. Ali et al. (1998). The detection can be the absorption 
of light, changes in the refractive index, or conductivity. 
Various chromatographic techniques persist, but Reverse 
Process High-Pressure (or Performance) Liquid Chroma-
tography- (RP-HPLC) and Ion Chromatography (IC) are 
the two techniques used for the detection and speciation 
of the Cu metal in the water sample. In HPLC, a high-
pressure liquid carries the sample into the separation col-
umn and then to the detector. However, in IC, stationary 
phase interaction is through ion exchange.

Reverse process‑high pressure liquid chromatography 
(RP‑HPLC)
RP-HPLC is a technique for the simultaneous detection 
of heavy metals, including Cu(II) in the water sample 
utilizing the solid-phase extraction method to precon-
centrate the minimal concentration of Cu in the water 
sample (Rekhi et al. 2017; Yang et al. 2004). The precon-
centration is conducted using a precolumn derivatiza-
tion agent for Cu is tetra (m-aminophenyl) porphyrin 
(Tm-App) (Daud and Alakili 2001; Hu et  al. 2003). The 
HPLC apparatus mainly consists of a separation column, 
a solid-phase extraction cartridge, and detectors. A spec-
trometer is used for the absorbance measurement and 
an atmospheric absorption spectrometer for the atomic 
absorption spectrometry analysis. The standard solution 
of Cu mgmL−1 is collected and diluted to 0.2 µgmL−1. 
RP-HPLC has two mobile phases, A and B. Mobile phase 
A is methanol having 0.05  mol L−1PH 10 pyrrolidine-
acetic buffer salt, and Mobile phase B is acetone hav-
ing 0.05 molL−1 PH 10. The Cu-Tm-App chelates are 
steadier in a weakly alkaline medium. A mobile phase 
with a pH between 8.2 and 11.8 avoids decomposing 
of chelates and gets a good peak shape. Also, tetra (m- 
aminophenyl) porphyrin (Tm-App) was synthesized and 
dissolved in THF to make a 1.5 × 10–4  mol L−1solution. 
For the Cu-Tm-App, the proper eluent is needed. Differ-
ent organic solvents were tested and found out that Tetra 
Hydro Furan (THF) efficiently elutes the reclaimed Cu-
Tm-App chelates quantitatively from the cartridge THF 
containing 0.05molL−1 pyrrolidine-acetone acid buffer 
salt increases the stability of Cu-Tm-App chelates, and it 
was selected as eluent. pH was measured using the Beck-
man Ø-200PH meter. According to the concentration 
of Cu, the appropriate volume of standard solution was 
transferred to 100 ml volumetric flask and mix with 6 ml 
of 1.5 × 10−4molL−1Tm-App solution in THF,10  ml of 
0.5 mol L−1pyrrolidine acetone acid buffer solution, and 

4 ml of 2% Triton X-100 solution. Then the solution was 
diluted and makeup to 100  ml with water. Then it was 
kept in a boiling water bath and heated for 10 min. After 
cooling, it was passed through a C18 cartridge at a flow 
rate of 10 ml/min. After the enhancement, the cartridge 
was turned upward and separated the holding chelates 
from the cartridge with 2.5  ml of THF at a flow rate of 
5mlmin−1in the opposite direction. Then the THF was 
filtered using 0.45 µm filters and volatilized to 0.6 ml and 
diluted to a volume of 1  ml with methanol.20µL of this 
solution is injected into HPLC analysis the photodiode 
array detector recorded 3-D chromatogram at 435  nm 
During the separation, the mobile phase component at 
0 min is A-100% and B-0% and at 10 min is A-80% and 
B-20% using a linear gradient. The Cu-Tm-App chelate 
was detected at its maximum wavelength. It was a highly 
sensitive and selective method for determining Cu in 
water samples (Daud and Alakili 2001).

Ion chromatography
It is a type of liquid chromatography where the separa-
tion is based on the ion exchange. Depending on the ion 
exchange between the stationary and mobile phases, ions 
or charged species are separated. Different columns are 
using for separating the anions and cations (Kaiser 1974). 
Trace amounts of both hydrated and complex metal ions 
are determined by this method (Kulisa et  al. 1999). The 
hydrated and complex metal ions carry a positive charge, 
and they are generally separated as cations in a cation 
exchange column. By adding carboxylic acid as a chelat-
ing agent, the net charge on the metal is reduced since 
carboxylic acid is anionic in the solution above their pKas. 
The separation depends on the net charge on the com-
plex after associating with the chelating agent. Enough 
concentration of a strong chelating agent changes the 
charge of complex metal ions into a negative charge, and 
it is separated as anions in an anion exchange column. An 
Ionpac CS5A column is usually used in IC, which allows 
a mixed-mode of operation that includes both cation and 
anion exchange. After passing through the column, a 
metal complexing agent 4-(2-pyridylazo) resorcinol/PAR 
is added for forming a light-absorbing complex because 
UV-absorbance cannot determine transition metals like 
Cu (Kulisa et  al. 1999). Conductivity detection is also 
impossible as all hydrated and complexed metal ions will 
precipitate in the suppressor, A 1000  mg  L−1 standard 
transition metal dissolved in dilute acid can be used as 
IC standard. Figure 10 shows a schematic diagram of the 
Dionex DX-500 system Ion chromatography.

This system has GP 40 gradient pump, AD 20 absorb-
ance detector, LC 20 chromatography disclosure, and PC 
10 post-column pneumatic delivery package. The elu-
ent for the IC contains 7.0Mmppca,66 Mm Koh,74 Mm 
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Formic acid, and 5.6  mM potassium sulfate. 200  ml of 
eluent was taken and diluted into 1000 ml with deionized 
water and passed through the column. Reagents includ-
ing 0.5  Mm par,1  M 2-Dimethyl aminoethanol,0.5  M 

Ammonium Hydroxide, and 0.3  M sodium bicarbonate 
were added to it, and o.12 g of PAR was dissolved in 1L 
of a post-column eluent. After that, it has been ultrasoni-
cated for 5 min and stirred until the solid is completely 

Table 5  Advantages and drawbacks of Cu(II) detection methods

Analytical Method Advantages Disadvantages Reference

Atomic absorption spectrometry High selectivity
Provides reliable and accurate 
outcomes
Fast and straightforward

Equipment and operating costs are 
relatively high
It requires well-trained and experi-
enced staff
It requires preparation standards for 
the calibration
It cannot be used to determine the 
isotope or the oxidation state

Zhang et al. (2020)

ICP-OES Multielement technique
Fast and straightforward
Low sample volume

Equipment and operating costs are 
relatively high
It requires well-trained and experi-
enced staff
It requires preparation standards for 
the calibration
It cannot determine the isotope or 
the oxidation state

Balcaen et al. (2015), Council (2004)

ICP-MS low detection limits
High resolution and tandem mass 
spectrometry
Multielement technique
Low sample volume

Equipment and operating costs are 
relatively high
It requires well-trained and experi-
enced staff
It requires preparation standards for 
the calibration
It requires Interference control

Balcaen et al. (2015), Poirier et al. 
(2016), Wilschefski and Baxter (2019)

Spectrophotometric Simplicity
Low cost
Availability
It is a precise, accurate and sensitive 
technique when appropriate chromo-
genic reagents are available

It is time-consuming
A large volume of organic solvent is 
required

Alharthi and Al-Saidi, (2020), Raafid 
et al. (2020)

Sensors Fast and real-time measurements 
with high sensitivity and specificity
Possibility of continuous (online) 
analysis
Easy to operate and economically 
affordable

Some sensors may have a short life-
time and are susceptible to damage 
and break
Special calibration and cleaning solu-
tions may be needed
Qualified and skilled operators are 
required to prepare samples and deal 
with the complex analytical method

Hung et al. (2021)

Voltammetric Cheap cost
Easy fabrication
Excellent electrochemical properties
Rapid determination of Cu(II) ions and 
other heavy metals
Agreement with the results from 
ICP-MS

A susceptible method is affected by 
pH, humidity, and temperature, lead-
ing to a variation in results
Produce large volumes of waste 
hazards
Requires indicator for the reaction 
to occur

Zhuang et al. (2011)

Chromatography Small sample volume
High selectivity in samples with 
complex matrix
It uses chemicals that are inexpensive, 
safe, and environmentally friendly

Equipment and operating costs are 
relatively high
It requires well-trained and experi-
enced staff
It requires preparation standards for 
the calibration
An error occurs due to overload of 
sample
High operational pressure required to 
attain efficient separation
A relatively long time of analysis

Jackson (2006), Kaiser (1974), Kulisa 
et al. (1999)
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dissolved. Columns used are Ionpac CS5A analytical and 
CG5A grade, and the eluent flow rate is 1.2  mL/min. A 
sample of 50µL is injected, and a post-column reagent 
is allowed to flow at a rate of 0.7 mL/min. The detector 
detects the chromatogram at a wavelength of 530  nm. 
The PDCA chelating agent added to the mobile phase 
reduced the charge of complex metal ions and separated 
them as anionic complexes. The metal Cu(II) is detected 
by measuring the absorbance at 530 nm of the complex 
formed with the post-column reagent. The prepared PAR 
reagent is easily oxidizable, thus should be stored under 
inert gas like nitrogen or helium (Haddad and Jackson 
1990; Lu et al. 1998).

Advantages and drawbacks of the detection 
methods
With the availability of various Cu(II) detection methods 
as previously discussed and an in-depth evaluation for 
limited technique selection, the consideration of various 
critical criteria is required, including detection time, cost, 
analytical working range, data quality, and interferences. 
Generally, the selection can be made based on the capa-
bility of the company to have an expensive method that 
will result in high-resolution outcomes, as in the case of 
ICP-MS. Sensors are economically affordable and can 
produce measurements with high sensitivity but require 
highly skilled and qualified operators. AAS is a fast and 
straightforward method but requires high operating costs 
and is implemented in limited applications. Although the 
voltammetric method is cheap and rapid, it generates 
large volumes of chemicals, requiring further treatment 
later. Spectrophotometric is an inexpensive and straight-
forward method. However, it consumes much time for 
the analysis. Unlike spectrophotometric, chromatogra-
phy needs a short time to perform the analysis, but it is 
expensive. Table 5 summarizes the advantages and draw-
backs of the detection methods discussed in this review.

Conclusion
Several methods can be investigated to recover and detect 
the Cu(II) ion in water samples, such as atomic and molec-
ular spectrophotometry, mass spectroscopy, sensors, vol-
tammetry, and chromatography. Recent trends of Cu(II) 
detection in water samples, including their principle, defi-
nitions, experimental work, equipment, and devices used 
to run each technique, are represented in detail. Besides 
their advantages, the disadvantages of the detection meth-
ods were discussed. Hence, based on the water sample and 
its application, appropriate detection methods can be used.
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