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Table S1: Analytical performance parameters (as reported by the authors) of various types of electrodes for trace heavy metal analysis developed in the last five
years (i.e. 2018-2022, including the research work published so far in 2023) using different nanomaterials as modifiers.



Linear/Dynamic

RSD at

as observed in the|

Analyte Electroc_le_ type and Supporting Technique used LOD concentration certain. Recovery Observations Ref.
modification electrolyte concentration (%)
range (%)
Cu(ll),  |AILNiCoOs nanoflakes 0.1 M ABS ASDPV Cu?: 1-107°-1.0 ppm for all NR Cu?: No significant interference of| !
Hg(ll), |modified GCE (pH = 4.5) 0.00261 ppb; analytes 100.3-105.1%; [Na*, K*, CI-, Ca*, Zn%*, Mn?*,
Ph(Il), Pb?*: Pb?*: Cr?*, Ni?*, and Fe* wag
and Cd(I1) 0.00154 ppb; 99.1-108.3%; [observed in the simultaneous
Hg*": Hg*": determination of 10 ppb Cd?
0.00232 ppb; 101.9-102.3%; fand Pb?*, 50 ppb Cu?*, and 1
Cd?: Cd*: ppb Hg*. The modified
0.00114 ppb 98.1-101.6% |electrode was successfully,
employed in the determination|
of Cu?*, Pb?*, Hg?*, and Cd?* in|
tap and drinking water, and
simulated blood serum
samples.
Cu(ll),  |Ag-NPs, graphene 0.1 M ABS SWASV aCu?* 0.5-120 pg L for all | At 50 uM of the Cu?: No significant interference of 2| 2
Pb(Il),  |nanoplates modified (pH =5.0) 4.1ng LY analytes analytes: 97.83-105.16%; [times the concentration of Zn?|
and Cd(11)|graphite electrode Pb?*: 3.01% for Cu?*; Pb?*: land Hg?* was observed in the|
1.0ng LY 2.26% for Pb?*; {93.31-103.50%; [determination of 50 uM of the
Cd?: 4.97% for Cd?* Cd*: analytes.  The  modified
50ngL? 98.83-102.37% lelectrode was  successfully
employed in the determination
of Cu?*, Pb?*, and Cd? in tap|
ater samples.
Cu(ll),  [Bi-NPs decorated on 0.1 M ABS SWASV Zn?*: Zn?: At 20 UM of Zn?: No significant interference of| 3
Zn(11),  [Na-montmorillonite- (pH = 4.5) 0.707 pM; 2.36-40.0 and 40.0— | each analyte: 99.5%; 10 times the concentration off
Pb(Il), MWCNT modified PGE Cd**: 180.0 pM; 3.13% for Zn?; Cd*: Mn?*, AI¥*, Ni?*, Sb%, Co?*,
and Cd(11) 0.097 uM; Cd*": 4.23% for Cd?*; 99.2%; Fe*, Cr¥, Ca®*, Mg*, and
Pb?*: 0.32-2.0 and 2.0-240.0| 3.64% for Pb?*; Pb?*: NasPO, was observed in the
0.008 uM; uM; 1.79% for Cu?* 95.9%j; simultaneous determination of
Cu?: Pb?*: Cu®: the analytes. The modified
0.157 pM 0.03-5.0 and 5.0-80.0 97.6% electrode was successfully|
uM; employed in the determination|
Cu?": of Cu?*, Pb?, Zn*, and Cd*" in
0.52-10.0 and 10.0— ltap water samples.
40.0 uyM
Ph(Il) EDTA-functionalized ABS SWV 0.6pgL* 2.0-470 pg L At200 pug Lt 96.5% No significant interference of| *
MWCNTSs modified GCE| (pH =5.2) 11.2% lco-existing Cu?* and Cd?* was
observed in the determination
of the analyte in solution
containing 0.5 mg L™ of the
ions. The modified electrode
\was successfully employed in
the determination of Pb?* in
lake water samples.
Pb(Il) 3-(Triethoxysilyl)propyl | 0.1 M ABS DPASV 0.03 uM 1-100 uM At 60 uM: NR No significant interference of 5| °
isocyanate, 2-picolinyl (pH =5.0) 5.02% times the concentration of Na*




hydrazide-functionalized
MWCNTSs modified GCE

determination of the analyte,
Significant interference of]
NO;-, SO,> and CI- was
observed in the determination
of the analyte.

Cd(1l) and
Pb(ll)

Shuttle-like a-Fe,O3-NPs
decorated B-Bi, O3
microspheres modified
GCE

0.1MABS
(pH = 5.0)

SWASV

acd2+:
0.56 nM;

Pb?*:
0.36 nM

0.002—4.0 uM for both
analytes

At 0.30 pM of
each analyte:
3.85% for Cd?*;
5.46% for Pb?*

Ca?:
100.3-107.0%;
Pb%:
98.00-100.7%

No significant interference off
the same concentration of Na*,
K*, Zn?*, Mg?*, Ca?*, Ni** and
Fe3*, and 100 times the
concentration of citric acid and|
lascorbic acid was observed in|
the simultaneous
determination of the analytes.
The modified electrode was
successfully employed in the
determination of Pb?* and Cd?"
in milk, tap and lake water
samples.

Hg(l1)

Co30, nanopolyhedron
anchored on N-doped
rGO modified GCE

0.1M
NH3-H,OH-
NH,CI buffer
(pH =4.0)

SWASV

0.03 uM

0.1-1.0 yM

At 0.2 pM:
1.51%

102.70%

No significant interference off
10 times the concentration of]
Zn%*, Cu®*, Mn*, Ni?*, Cr*,
Mo®*, Mg?*, Mn?*, NOs™, SO4%
, COz%*, and Hg?* was observed
in the determination of 0.3 pM
of the analyte.  Slight
interference of 10 times the
concentration of glucose, and
significant interference of 10
times the concentration of Cu?/
and albumin was observed in
the determination of 0.3 pM of]
the analyte. The modified
electrode was successfully
employed in the determination
lof Hg?* in reservoir and human
serum samples.

Cu(ll),
cd(1n),
land Hg(1l)

NiC0,0,-NPs decorated
N, S co-doped rGO
composites modified
GCE

0.1 M ABS
(pH =5.0)

DPASV

aCd2+:
59 nM;
Cu®:
77 nM;
Hg*":
164 nM

0.15-1.50 pM for all
analytes

At 1.50 pM of
the analytes:
0.57% for Cd?";
1.01% for Cu?*;
1.93% for Hg®*

NR

No significant interference of 2
times the concentration of K*,
Na*, AP, Li*, Ca?*, Mg?*, and
Mn?* was observed in the
simultaneous determination off
5 uM of the analytes. The
modified  electrode  was|
successfully employed in the
determination of Cu?*, Cd?*,
and Hg?* in reservoir water|
samples.

Pd(I)

Bi,0; nanosheets
modified SPCE

0.1 M acetate/
1 MKCI
buffer

DPV

1.4 ppb

40-400 ppb

NR

NR

Significant interference of 10
land 100 times the

lconcentration of Cu?* and As*|




(PH=140)

was  observed in  the
determination of 100 ppb of]
the analyte. The modified
electrode was successfully
employed in the determination
of Pd?* in pharmaceutical
astewater samples.

Cd(I1) and
Pb(Il)

Ru(ll) bipyridine
complex ([Ru(bpy)s]*).
Nafion and GO
nanocomposite modified
SPAUE

0.1 M ABS
(pH =5.0)

SWASV

50-350 ppb for both
analytes

At 200 ppb of
the analytes:
1.3% for Cd?*;
1.5% for Pb?*

Pb%:
103%;
Ca?:

90%

No significant interference off
20 times the concentration of
Cu?*, Fe**, Hg?*, Ni*, and Zn?"

as  observed in  the
determination of Pb?* in 200
ppb  of  the  analytes.
Significant interference of 20
times the concentration of]
Cu?*, Fe®*, Hg?*, Ni%*, and Zn?"

as  observed in  the
determination of Cd?* in 200
ppb of the analytes. The|
modified electrode  was
successfully employed in the
determination of Pb?* and Pd?"
in tap and river water samples.

10

Cd(ll) and
Pb(ll)

Ru(Il) bipyridine
complex ([Ru(bpy)s]**),
citrate-capped Au-NPs,
Nafion and GO
nanocomposite modified
SPAUE

0.1 M ABS
(pH =5.0)

SWASV

app?*:
2.5 ppb;

Cd*:
12.01 ppb

10-300 ppb for both
analytes

At 200 ppb of
the analytes:
3.17% for Cd?*;
2.19% for Pb?*

Pb?*:
105.8%);
Ca?:
117.3%

No significant interference off
20 times the concentration of]
Cu®", Fe*, Hg®*, Ni%*, and Zn*"

as observed in the|
determination of Pb? in 200
ppb of the analytes.  No|
significant interference of 20
times the concentration of Fe®,
Ni2*, and Zn?" was observed in
the determination of Cd?* in
200 ppb of the analytes. Slight]
interference of 20 times the|
concentration of Cu?, and|
Hg?* was observed in the
determination of Cd?* in 200
ppb of the analytes. The|
modified  electrode  was|
successfully employed in the
determination of Pb?* and Pd?"
in tap and river water samples.

10

Cd(ll) and
Pb(11)

Bismuthene (Bi
metallene) nanosheets
modified GCE

0.1 M ABS
(pH = 4.0)

SWASV

app2*:
3.4 nM;
Cd?*:
1.8nM

Pb?*:
0.0060-0.68 uM;
Cad?:
0.010-0.68 uM

At 0.4 uM Pb*":
2.15%

Pb?:
104%;
Cad?:
99.3%

No significant interference off
10 times the concentration of
Co?, Ca*, K*, Fe®*, Zn?*, Ni?*,
Mn?*, Mg?*, PO,*, and CI- was|
observed in the determination
of 0.4 uM of the analytes. The
modified electrode was

11




successfully employed in the
determination of Pb?* and Cd?|
in tap water samples.

Pb(ll),
Cd(ll),
land Zn(I1)

In situ plating Bi,

MWCNTSs modified PGE

0.1 M ABS
(pH =4.5)

SWASV

aCd2+:
0.068 ug LY
Pb?*:
0.27 ug LY
Zn**:
1.63 pg L

Cad?:
580 g LY
Pb%*:
1-80 ug LY
Zn%:
10-80 pg L

At 80 pg L%
lower than 10%

NR

No significant interference off
100 times the concentration of]
Na*, K*, Mg?, Ca®, NH,,
NOs-, Mn?, Fe?*, and PO,
as  observed in  the
simultaneous determination off
the analytes.  Significant
interference of 2 times the
concentration of Ni?* and Cu?/
as  observed in  the
simultaneous determination of
the analytes. The modified
electrode was successfully
employed in the determination
of Pb%, Cd?* and Zn?* in
certified Canadian water and
industrial effluent]
contaminated water samples.

12

Cd(1l) and
Pb(11)

rGO supported (Au-Bi)-
NPs modified GCE

0.1 M ABS
(pH =4.5)

DPASV

Cd*:
0.1-300 pg LY
Pb?*:
0.1-500 pg L*

NR

Pb%*:
98.2-104.9%;
Ca?:
97.6-102.3%

No significant interference off
100 times the concentration off
K*, Ca®, Fe**, Fe?*, Co?', A,
Mg?*, Mn?*, Ni%*, and Hg?* was|
observed in the determination
of 100 pg L™ of the analytes,
Significant interference of 100
times the concentration of Cu?
was  observed in  the
determination of 100 pg L™ of
the analytes. The modified
electrode was successfully
employed in the determination
of Pb?* and Cd?* in river water,
honey, and orange juice)
samples.

13

Ph(IT)

GO-decorated
BizO3'Mn02

GCE

nanocomposites modified

0.1 M ABS
(pH =5.5)

SWASV

041 pgL?t

2072072 pg L

At 10 uM:
4.59%

95.5-105%

No significant interference off
100 times the concentration off
Na*, K*, Ca?*, Mg%, Zn?*, Fe?*,
Co®, Cu®, AI**, CI, NOg,
S0O,%, and PO,* was observed
in the determination of 1.0 uM|
of the analyte. The modified
electrode was successfully
employed in the determination
of Pb?" in tap and lake water|
samples.

14

Hg(I1)

N, S co-doped

carbon/sepiolite clay

0.1 M ABS
(pH =5.0)

DPASV

0.1 pg L™

0.4-85.0 ugL?

At20.0ugL?:
3.4%

96.5-103.5%

No significant interference of 5

times the concentration of Ag®,

15




hybrid nanostructure
modified CPE

Cd2+’ C02+’ Ni2+‘ Zn2+’ Mn2+’
and Cr®* was observed in the
determination of 20.0 ug L™ of]
the  analyte. Significant
interference of 5 times the
concentration of Cu?" and Pb?
as  observed in  the
determination of 20.0 ug L™ of
the analyte. The modified
electrode was successfully
employed in the determination
of Hg?" in tap, dam, and well
ater samples.

Pb(l1) and
Hg(ll)

Carbon-supported
NiMn,O, nanocomposite
modified GCE

0.1 M ABS
(pH = 6.0)

SWASV

app2*:
0.050 pM;

Hg?":
0.027

Pb?*:
1.4-7.7 uM;
Hg?":
0.70-6.7 uM

At 8.570 uM of
each analyte:
1.75% for Pb?";
2.008% for Hg?*

Pb?:
92.93-105.70%;
Hg?":
96.50-105.30%

No significant interference off
the same, 10 and 100 times the
concentration of Ba?, Cd?,
CU2+, Fez*, Mn“, Ni2+, Ga2+’
Na*, and K* was observed in
the determination of 10 uM of
each analyte. The modified
electrode was successfully
employed in the determination
of Pb?* and Hg?" in river water|
samples.

16

Pb(l1) and
Hg(I1)

Carbon-supported
ZnMn,O, nanocomposite
modified GCE

0.1 M ABS
(pH = 6.0)

SWASV

app2*:
0.080 uM;

Hg*":
0.040 UM

Pb%*:
1.0-7.7 uM;
Hg?":
1.4-8.4 M

At 8.570 uM of
each analyte:
1.232% for Pb?";
0.7412% for
H92+

Pb%*:
92.58-98.10%;
Hg*":
93.21-106.90%

No significant interference off
the same, 10 and 100 times the
concentration of Ba?, Cd*,
CU2+, FE'2+, an", Ni2+, Ga2+,
Na*, and K* was observed in
the determination of 10 pM of
each analyte. The modified
electrode was successfully
employed in the determination|
of Pb?* and Hg?* in river water,
samples.

16

Pb(ll),
cd(In),
land Hg(ll)

Mixed metal (Fe-Al)
oxide NPs and chitosan
modified GCE

0.1 M ABS
(pH = 5.0)

DPV

aCd2+:
0.068 ppt;

Pb?*:
0.034 ppt;

Hg?:
0.053 ppt

5-125 ppt for all
analytes

At 100 ppt of
each analyte: 3%
for Cd?*; 4% for

Pb2*; 5% for

H92+

NR

No significant interference off
100 times the concentration of]
Na+, K+, Mgz)«’ CU2+, C02+,
Ca?*, Zn?*, Ni**, Fe?*, Fe** and|
IAI®* was observed in the
simultaneous determination off
5 ppt of the analytes. The
modified  electrode  was|
successfully employed in the
determination of Pb%, Cd?*,
and Hg? in river water
samples.

17

Pb(11)

Trichloro(octadecyl)
silane grafted bentonite

impregnated with

0.1 M ABS
(pH = 4.0)

DPASV

0.81 pgL*

1.00-60.0 ug L*

At50 pg Lh:
3.05%

91.6-98.2%

No significant interference off
10 times the concentration off

Hg*, Zn*, Ca®*, Cu*, Fe*" and

18




biosynthesized Au-NPs
modified GCE

Mn?* was observed in the
determination of 30.0 ug L™ of
the analyte. Significant
interference of 10 times the|
concentration of Cd* was
observed in the determination
of 30.0 pg L of the analyte,
The modified electrode was
successfully employed in the
determination of Pb?* in river|
land spring water samples.

Hg(l1)

3D-rGO doped with
IAg-NPs modified GCE

0.1 M ABS
(pH =5.0)

DPV

0.0049 pg L *

0.01-100 pg L.

At20 pg L &
3.55%

89.09-116.39%

No significant interference off
10 times the concentration off
Ba**, Ca?", K*, Mn?*, Na*, Ni?*,
Fez+' Cu2+’ an, Cd2+’ c02+'
Pd?*, Cr¥, Fe®*, and Mg?* was|
observed in the determination
of 20 pg L of the analyte. The|
modified electrode  was
successfully employed in the
determination of Hg?" in fish
and human blood samples.

19

cd()

SnO,-NPs bioconjugated
rGO nanocomposite
modified GCE

0.1 M HEPES
buffer
(pH =7.0)

DPV

1-10"*ppm

0.001-0.4 ppm

NR

98.40%

No significant interference off
10 times the concentration of
NaCI, AI(NO3)3, Baclz, HgCIz,
KCl, Pb(Cchoo)z, MgSO4,
Mnclz, Na,COs3, NaNO,,
NasAsO, was observed in the
determination of the analyte.

20

Pb(ll),
Cu(ll),
land Hg(ll)

Single-crystalline Co;04
nanocubes modified
SPCE

0.1 M ABS
(pH =5.0)

DPV

an2+:
4.14 nM;

Cu?:
0.93 nM;

Hg?:
0.13nM

Pb%*:
0.001-6.09 pM;
Cu?:
0.002-18.0 pM;
Hg?:
0.001-32.65 pM

At 50 uM of the
analytes:
2.7631%

Pb%*:
97.5-101.5%;
Cu?:
98.7-100.8%;
Hg?":
98.5-100.3%

No significant interference off
150 uM As®*, 100 uM Cd?*,
130 UM Cr**, 400 uM Fe®,
480 UM Co%, and 320 puM|
Zn?*, as well as 3 times the
concentration of 4-nitroaniline,
carbendazim, and metribuzin,
5 times the concentration of 4-
nitrophenol, aminophenol,
nitrobenzene, and
lacetaminophen was observed
in the simultaneous|
determination of 2 uM Pb?*, 10
UM Cu?*, and 20 UM Hg?*. The|
modified electrode  was
successfully employed in the
determination of Pb%, Cu?,
land Hg?* in tap and pond water|
samples.

21

Cr(V1)

rGO, NiS and Au
nanocubes modified GCE

0.1 M ABS
(pH =5.0)

SWv

0.09 pgL?

2-14pgL?

NR

Higher than 96%

No significant interference off

up to 500 times the|

22




concentration of Pb%, Cd?,
IAs®*, Ca®, and Mg* was
observed in the determination
of 5 pg Lt of the analyte. A
new peak developed close to
the Cr®* peak in the presence of
Cu?*  concentrations higher
than 300 pg L. The modified
electrode was successfully
employed in the determination
of Cr5 in real ground water
samples.

Cd(1l) and
Pb(11)

Tetra—ethyl-1H-indazol-
3-carboxamide cobalt(I1)
phthalocyanine and
MWCNTSs modified GCE

PBS
(pH =7.0)

DPV

Cd?*:
10 nM;
Pb%*:
9nM

100-1000 nM for both
analytes

At 400 nM of the
analytes:
0.474% for Cd?*;

2.04% for Pb?*

Ca?:
106.5%);
Pb?*:
100.5%

No significant interference off
400 nM of Ca®*, Mg?#, Al*,
Mn?*, Cu?*, Zn%, Fe%, Cr*,
land As®* was observed in the|
determination of 300 nM of the,
analytes. The modified
electrode was successfully
employed in the determination
of Cd?* and Pb?" in river water|
samples.

23

cd(1n),
Pb(ll),
land Hg(1l)

S-doped C3N, tube
bundles with hierarchical
pores and graphene
nanosheets modified GCE

0.1 M ABS
(pH =5.0)

SWASV

acd2+:
1.17 nV;

Pb%*:
0.38 nM;

Hg*":
0.61 nM

0.25-3 uM for all
analytes

At 1 uM of the
analytes:
1.83% for Cd?;
1.18% for Hg**;
1.33% for Ph?*

NR

No significant interference off
10 times the concentration of
Mg?*, Ca*, Ba%*, AI**, Mn?,
Fe?*, Co?*, Ni?*, Zn?*, Bi**, and
In®* was observed in the
simultaneous determination of
1 pM of the analytes.
Significant interference of 10
times the concentration of Cu?

as observed in the|
simultaneous determination off
1 pM of the analytes. The
modified electrode was
successfully employed in the
determination of Cd?*, Pb%,
land Hg?* in tap and river water|
samples.

24

cu(ln

I/Amino-containing
organosilica gel
nanofibers,
(3-mercaptopropyl)-
trimethoxysilane
modified Au electrode

0.1 M PBS
(pH =7.0)

SWSV

26-1012M

7510
15107 M;
15-10°-75-10¢M

At1.6-10°M:
8.0%

113.6%

No significant interference off
1000 times the concentration
of Na*, K*, and CI~, 100 times
the concentration of Mg¥,
Ca?*, and Zn%*, and 50 times
the concentration of Pb?* and
Cd** was observed in the
determination of 7.5 - 10* M

of the analyte. Significant
interference of 1.56 - 10° M

Hg** was observed in the

25




determination of the analyte,
The modified electrode was|
successfully employed in the
determination of Cu®" in tap|
land lake water samples.

Cd(11) and|Porous graphitic carbon | 0.1 M ABS SWASV Cd?: Cd*": At 2 uM Cd?*: Cd*": No significant interference of| %
Pb(Il) nitride decorated with (pH =5.0) 0.021uM; 0.5-7.0 uM; 2.5% 95.5-106.0% [20 times the concentration of]
CoMn,0O, nanocomposite Pb?*: Pb?*: Cu?", Fe?*, Na*, Ni*, Zn?*, and|
modified GCE 0.014 uM 0.2-4.4 yM Fe** was observed in the
determination of 1 uM of Cd?*|
'The modified electrode was|
successfully employed in the
determination of Cd** in tap,
river, and lake water samples.
Cd(11) and|Fe30., Bi,Os, CsN, 0.1 M ABS SWASV aCd?": 0.01-3 uM At 0.1 uM of the Cd*": No significant interference off %'
Pb(Il) nanocomposite modified | (pH =4.5) 3.10°M; analytes: 97.7-103.8%; [100 times the concentration off
GCE Pb?*: 5.5% for Cd?*; Pb?*: CaZ*, Mg?*, Mn?*, AI**, Co*,
1-10°M 4.2% for Pb** | 97.8-101.1% [Fe?*, and Fe** was observed in
the determination of 0.5 pM of|
the analytes. The modified
electrode was successfully
employed in the determination
of Cd®* and Pb?" in river water|
samples.
Pb(I),  [Magnetic ZnFe,O, spinel | 0.1 M ABS DPASV aHg?": Hg?": At1uM Hg?: Hg?": No significant interference of| 2
Hg(ll),  [structure NPs modified (pH =5.0) 0.92 nM; 0.05-1.0 pM; 0.871% 97.7-103.4% [10 times the concentration of
and Cu(11)|GCE Pb?*: Pb?*: Mn?*, Ca?*, K*, Co%, Ni?,
5.11 nM; 0.1-2.0 pM; Na*, AI** was observed in the
Cu?: Cu?": determination of 1 uM of the|
7.84nM 0.1-1.0 uM analytes. ~ The  modified
electrode was successfully
employed in the determination
of Hg?" in reservoir water
samples.
Cd(11) and|Bi, glutathione, Au-NPs, | 0.1 M ABS DPASV aCd?: 1-120 pug L for both | At 15 ug L* of Cd*": No significant interference off 2
Pb(Il) amino-rGO modified (pH =4.5) 0.09 pg LY analytes the analytes: | 95.73-98.32%; [20 times the concentration of|
GCE containing 200 Pb2": 1.48% for Cd?*; Pb2*: Mg?, Cu®, Zn?, Mn?, Fe*,
pg L Bi®* 038 pg L 3.34% for Pb* | 95.60-98.84% (Ca®*, Na*, K*, CI, NO;~ and
SO,> was observed in the
determination of Cd* and
Pb?*. The modified electrode]
as successfully employed in
the determination of Cd?* and
Pb?* in tap water samples.
Cu(11) and|Au-NPs deposited on Au | 0.1 M ABS SWASV Cu?: Cu?: At0.05 pg mL™* Cu®: The modified electrode was| ¥
Hg(ll) substrate (pH =4.7) 0.138 mg kg%; 0.001-0.010 and Cu?:2.87% |81.25-113.67%; [successfully employed in the]
Hg?": 0.010-0.100 pg mL™; Hg*": determination of Cu?* and Hg?'
1.510 mg kg™ Hg?": 93.13-115.83% |in real Laminariae thallug
0.020-0.100 pg mL™* samples




Cu(ln

Polyurethane-doped
Pt-NPs modified CPE

10 mM
HNO;-NaCl
(pH =1.4)

Cv

16.72 ng mL™*

100-1000 ng mL™*

NR

95-107%

No significant interference off
10 times the concentration of]
lascorbic acid, uric acid, Hg*",
Cd?*, Pb?, and Ag" was|
observed in the determination
of the analyte. The modified
electrode was successfully
employed in the determination
of Cu®" in digested serum,
urine, and acidified tap water|
samples.

31

Ph(IT)

High index facets-Ag
nanoflower modified
GCE

0.2 M ABS
(pH = 4.5)

SWASV

0.74 ppb

10-700 ppb

At 50 ppb: 2.8%

93-105%

No significant interference off
100 ppb of each Cu?, Fe?,
Mg?*, Ni%*, K* and Na* was
observed in the determination
of the analyte. The modified
electrode was successfully|
employed in the determination
of Pb?* in human blood serum|
and cosmetic (eye liner and
liquid lipstick) samples.

32

cd(n

Mn-loaded TiO, nanotube|
arrays modified titanium
ifoil electrode

0.1 M ABS
(pH = 6.0)

Electrochemical
preconcentratio
n supported
laser-induced
breakdown
spectroscopy

0.01 uM

0.02-0.4 UM

At 0.05 uM:
4.7%

57.4-136.3%

No significant interference off
the same concentration of]
ng+’ anv K+’ ca2+’ Mgz+’ CI’

as  observed in  the
determination of 0.05 uM of]
the  analyte. Significant]
interference of the same
concentration of Pb?* and Cu?/
was  observed in  the
determination of 0.05 uM of]
the analyte. The modified
electrode was successfully
employed in the determination
of Cd?* in water, soil, and tea
samples.

33

Pb(Il) and
cd(11)

3 wt.% Sh,O3; modified
MWCNTS paste electrode

ABS
(pH = 4.0)

LSASV

aPpp?*:

Pb?*:
80-150 ppb;
Cd*:
5-35 ppb

At 10 ppb of
Pb?* and 20 ppb
Cd?*:
4.15% for Pb?*;
3.06% for Cd?*

NR

34

Pb(ll),
Cu(ll),
land Hg(ll)

Zr/ZrO, nanotube
electrode

0.1 M ABS
(pH = 6.0)

DPV

PH7*;
5.108M;
Cu?:

Pb%*:
8-10°%-10°M;
Cu?:

5-10%-2-10° M;

Hg?":
4.10°-10°M

NR

NR

35

Hg(ll)

Pd-NPs, graphite carbon
nitride porous nanosheets

modified GCE

0.5 mM HzSO4
(pH = 2.0)

DPV

0.009 pgL ™

0.01-15 pgL !

At 10 pgL™:
3.2%

95.3-104.5%

No significant interference off
10 times the concentration off

Bi%*, Fe**, Co*, Ni?*, and Cu?*|
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land 50 times the concentration
of K* and Na* was observed in|
the determination of 10 pgL™
of the analyte. The modified
electrode was successfully|
employed in the determination
of Hg?" in tap, lake, and river|

ater samples.

Cd(ll),
Pb(ll),
Cu(ll),
land Hg(1l)

Orthorhombic phase
aluminium ferrite
nanoflakes modified GCE

0.1 M ABS
(pH = 4.5)

DPASV

acu2+:
0.5 nM;
Pb?*:
1.6 nM;
Hg?":
1.5nM;
Cd?:
4nM

0.010-1 pM for all
analytes

At 1 uM of each
analyte:
1.95% for Cu?*;
1.89% for Pb?*;
2.15% for Hg?*;
3.91% for Cd?*

Cu?*:
100.3-105.1%;
Pb%:
99.1-108.3%;
Hg?":
101.9-102.3%;
Ca?:
98.1-101.6%

No significant interference off
Na*, CI, Ca?, Zn?, and Fe?|

as  observed in  the
simultaneous determination of
the analytes. The modified
electrode was successfully]
employed in the determination
of Cu?*, Pb?*, Hg?, and Cd?* in|
simulated blood serum
samples.

37

Ph(11)

rGO, graphite nitride
icarbon nanosheet
composite modified GCE

0.1 M ABS
(pH =5.5)

SWASV

1.07-10%2M

0.01-1000 nM

Atl-107M:
3.5%

96-106.4%

No significant interference of 1
-10° M NOs, F, CI-, and Br
L and 1 - 107 M Mg?, Mn?,
Fe®*, Co?*, Hg?*, and Cd?* was
observed in the determination
of the analyte. The modified
electrode was successfully
employed in the determination
of Pb?* in tap, lake, and river|
ater samples.

38

SH)

Fe(11) exchanged
clinoptilolite-NPs
modified CPE

HCI
(pH = 2.0)

SWv

0.1uM

10-400 pM

NR

97.5-106.5%

The modified electrode was
successfully employed in the
determination of Sn?* in river
ater samples.

39

cu(ln

N-doped carbon spheres,
and MWCNTs modified
GCE

0.1 M ABS
(pH =5.5)

DPASV

0.092 ug Lt

0.5-200 pg L

At 50 pg Lh:
4.57%

90-106%

No significant interference off
100 times the concentration of]
Cu2+’ Ca2+’ Mg2+‘ Cd2+’ A|3+’
Zn%*, Mn%, Fe*, Fe*, Ni?,
and Pb?, 20 times the]
concentration of CTAB, and
15 times the concentration of
SDS was observed in the|
determination of 50 ug L™ of
the analyte. Significant
interference of 10 times the
concentration of EDTA was
observed in the determination
of 50 ug L of the analyte. The|
modified electrode was
successfully employed in the
determination of Cu® in lake|

ater and saliva samples.

20




Cd(1l) and
Pb(11)

IAcid treated-MWCNTSs
functionalized with
hyaluronic acid and
L-cysteine modified GCE

0.1 M ABS
(pH =45)

SWASV

Pb?*:
0.015 gL'
Cd?:
0.032 ug Lt

0.4-4 ug L for both
analytes

At4 ug L7 of
each analyte:
3.8%

Pb%*:
90.2-95%;
Ca?:
90.1-96.2%

No significant interference off
100 times the concentration off
NO;, SOs*, CI, Na*, AP,
Mg?*, K*, Fe?*, and Ca?" was|
observed in the determination
of 2.25 ugL™? of the analytes.
The modified electrode was
successfully employed in the
determination of Cd?* and Pb?!
in honey, Cocos nusifera, and
legg white samples.

71

Cd(ll) and
Pb(ll)

IAcid treated-MWCNTS
functionalized with
hyaluronic acid and
L-serine modified GCE

0.1 M ABS
(pH = 4.5)

SWASV

Pb%*:
0.034 pg LY
Cd?:
0.057 pg Lt

0.4-4 ug L for both
analytes

At4 pg L7 of
each analyte:
4.1%

Pb?*:
87.5-97.5%);
Ca?:
88.1-93.8%

No significant interference off
100 times the concentration off
NO37, 80327, le, Na*, A|3+,
Mg?*, K*, Fe?*, and Ca?" was|
observed in the determination
of 2.25 ugL? of the analytes.
'The modified electrode was
successfully employed in the
determination of Cd?* and Pb?"
in honey, Cocos nusifera, and
legg white samples.

41

Hg(ll)

Ruthenium-loaded cerium
dioxide nanocubes
modified GCE

0.1M
NH;-H,OH-
NH,CI buffer
(pH =5.0)

SWASV

0.019 pM

0.04-0.8 pM

At 0.2 uM:
2.70%

99.43-102.75%

No significant interference
from the simultaneous addition|
of 0.8-1 uM Cd*, 0.6-0.8 uM|
Cu?", and 0.9-1.3 UM Pb?* was|
observed in the determination
of 0.3 uM Hg?*. The modified
electrode was successfully
employed in the determination|
of Hg?" in reservoir and tap
ater samples.

42

Pb(Il) and
cd(n

FeNis, CuS and BiOCI
NPs modified CPE

0.1 M ABS
(pH = 4.6)

SWASV

P>
0.1pugLY
Cd?:
0.4pgL?

Pb?*:
0.5-120.0 pg LY
Cd*:
1.0-150.0 pg L

At 50.0 pg L™ of
the analytes:
3.33% for Pb?*;
3.7% for Cd?*

Pb%*:
97.0-104.1%;
Ca?:
96.3-104.4%

No significant interference off
the same concentration of Cu?|
land 10 times the concentration|
of K*, Na*, Ba?*, Mn?*, Ca%,
Zn*, As*, and Co?* was
observed in the simultaneous
determination of 50.0 ug L™ of
the analytes. The modified
electrode was successfully
employed in the determination|
of Cd?* and Pb? in drinking

ater, raw milk, cheese, rice,
and black tea samples.

13

Pb(l1) and
Ho(ll)

5-Aminotetrazole and 3-
(triethoxysilyl)propyl
isocyanate functionalized
SiO, coated MgO-NPs

modified GCE

0.1 M ABS
(PH=5.0)

SWASV

0.5-10 uM for both
analytes

At 20 pM of the
analytes: 2.52%
for Pb?";
2.01% for Hg?*

Pb%*:
108.31%j;
Hg?":
116.80%

No significant interference off
10 times the concentration of
Na*, K*, Ca?*, Ni?*, Co?*, Cd?*,
Cu?*, and Fe** was observed in|

the determination of 20 uM of]
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the analytes. The modified
electrode was successfully
employed in the determination
of Hg?* and Pb? in tap and
pond water samples.

Pb(I1) and
cd(n

Bi-NPs and Nafion
modified SPGE

0.1 M NaCl

ASV

Pb?*:
0.28 ppb;
Cd*:
40.34 ppb

Pb%*:
4-10 ppb;
Cad?*:
300-900 pph

NR

NR

The modified electrode was
successfully employed in the
determination of Cd?* and Pb?"
in filtered and unfiltered tap

ater, treated wastewater and
bay water samples.

45

cd(1n),
Pb(Il) and
Cu(Il)

Pd-NPs uniformly
decorated porous
activated carbon modified
GCE

0.1 M ABS
(pH =4.8)

SWASV

aCd2+:
20.9 nMV;

Pb?*:
9.19 nM;

Cu®:
14.78 nM

25-500 nM for all
analytes

At 500 nM Pb?":
1.21%

NR

No mutual interference of the|
lanalytes was observed in their
simultaneous  determination,|
The modified electrode was
successfully employed in the
determination of Cd?*, Pb*'
land Cu®" in real water samples.

46

Fe(ll)

rGO, leucomethylene
blue, and Pt-NPs
modified GCE

0.1 M ABS
(pH = 4.5)
containing
60 uM
2,2'-bipyridyl

SWv

3nM

0.01-2 pM

At 2 uM:
4.0%

92-101%

No significant interference off
50 times the concentration of]
Cr*, Zn?*, and Ag", 40 times
the concentration of Co®, Pb?"
and Mg*, 20 times the]
concentration of Cd** and|
Hg*, and 10 times the
concentration of Cu?* and Bi*!

as observed in the|
determination of 2 uM Fe?|
The modified electrode was
successfully employed in the
determination of Fe?* in
seawater samples.

47

Pb(Il) and
cd(n

(BiO),CO3, SWCNT
nanocomposite
incorporating Nafion
modified GCE

0.2 M ABS
(pH =5.0)

SWASV

Pb%*:
0.05 pg L:
Cd?:
0.03 pg L

0-60 pg L™ for both

analytes

At 15 pg Lt of
the analytes:
1.95% for Pb?";
0.82% for Cd**

Pb%*:
98.40-100.50%;
Ca?:
98.20-104.07%

No significant interference off
10 times the concentration of]
Na*, As®*, Zn?*, K*, Cr?, and
Ca?* was observed in the
determination of 20 pg L™ of
the  analytes.  Significant
interference of 10 times the
concentration of Cu®* was
observed in the determination
of 20 ug Lt of the analytes,
The modified electrode was
successfully employed in the
determination of Cd?* and Pb?/
in extracts of soil samples.

18

Pb(I1) and
Cu(ll)

Ce-carbon nanofiber
modified GCE

0.1 M ABS
(pH =5.0)

DPV

Pb?*:
0.6 ppb;
Cu?*:
0.3 ppb

Pb?*:
0.9-2.1 ppb;
Cu®:
0.6-1.8 ppb

NR

NR

The modified electrode was
successfully employed in the
determination of Cu?* and Pb?/

in river water samples.
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Hg(ll)

[Tungsten carbide
nanosheets modified
SPCE

0.1MPBS
(pH=7.0)

DPV

0.18 nM

0.002-655 pM

IAt 50 nM: 3.24%

97.52-99.41%

No significant interference of 5
UM of Hg?*, Cu®*, Na*, I, Ni?*,
Zn?*, CI-, Cd*, Fe?*, Cr¥*, Pb?|
land As®* was observed in the|
determination of 5-125 nM of]
the analyte. The modified
electrode was successfully
employed in the determination
lof Hg?* in human blood serum,
fish extract and industrial
astewater samples.

50

Hg(l1)

Magnesium ferrite
(MgFe;04) NPs modified
GCE

0.1 M HCI

DPASV

0.037 ppb

2-120 ppb

NR

96.7-102.5%

No significant interference off
10 ppm Na* and Cr*, 8 ppm
K*, 10.5 ppm Mg?*, 0.15 ppm
Pb?*, 0.1 ppm Cd*" and Cu?®,
0.4 ppm Cr®, 6 ppm NO5", 15
ppm SO,%, 50 ppm CO;* and|
20 ppm CIO, was observed in
the determination of 0.1 ppm
of the analyte. The modified
electrode was successfully
employed in the determination
of Hg?* in wastewater and
industrial effluent samples.

51

cd(n

Graphitic carbon nitride
ultrathin nanosheets
modified GCE

0.1 M ABS
(pH =5.5)

SWASV

0.35nM

0.001-0.1 uM;
0.1-5 uM;
5-18 uM

At 10 pM:
5.29%

94.6-104.7%

No significant interference off
50 uM Fe®, Co?, and Zn*,
100 uM AI**, 500 uM Ca*|
and 1000 uM K*, Na*, Mg%,
and Mn?* was observed in the
determination of 10 pM of the
analyte. The modified
electrode was successfully
employed in the determination|
of Cd?* in tap, lake, and river|
ater samples.

52

Pb(ll) and
Cd(11)

Porous rGO, Au-NPs,
salicylaldehyde-L-
cysteine ligand modified
GCE

01MABS
(pH = 4.5)

SWASV

app2*:
0.04 nM;

Cd?:
0.06 nM

1-10 nM for both
analytes

At 2 nM of each
analyte:
2.4% for Cd?";
2.2% for Pb?*

NR

No significant interference off
the same concentration of Zn?*,
Cu?*, and Hg?* was observed in|
the simultaneous
determination of 30 nM of]
each analyte. The modified
electrode was successfully
employed in the determination
of Cd** and Pb?* in ground,
lake, tap, and sewage water|
samples.

53

Pb(IT) and
cd(n

Polyamidoamine
dendrimer functionalized
magnetic Fe;04-NPs

modified CPE

0.1 M ABS
(pH = 5.5)

SWASV

app?*:
0.17 ng mL%;

Cd?:
0.21 ng mL*

0.5-80 ng mL* for
both analytes

At0.5ng mL™*
of the analytes:
3.1% for Pb?*;

2.6% for Cd*

Pb?:
96.0-103.5%;
Cad?:
96.5-102.0%

No significant interference off
300 times the concentration of]
Co?*, Mn%, Ni*, Cr¥, 250

times the concentration of Cu?/
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land Hg?, and 100 times the|
concentration of Zn?* was
observed in the determination
of 20.0 ng mL* of the analytes,
The modified electrode was
successfully employed in the
determination of Cd?* and Pb?"
in wastewater, lake, and river
ater samples.

Cd(11),  [FesO,-NPs, fluorinated- | 0.1 M ABS SWASV app?*: Pb?*: At 10 uM of the Pb?*: No significant interference of|

Pb(ll),  [MWCNTs modified GCE| (pH =5.0) 0.08 nM; 0.5-30.0 pM; analytes: 97.33.-99.00%; (10 times the concentration off

Cu(in, Cu?: Cu?: 2.24% for Cd?*; Cu?: K*, Ca%, Co?, Ni*, Ba?,

and Hg(ll) 0.02 nM; 0.5-30.0 uM; 2.55% for Pb?*; {98.50-103.00%; [Mn?*, and Zn?* was observed

Cd?*": Cd?": 3.02% for Cu?; Cd*": in the simultaneous
0.05 nM; 0.5-30.0 pM; 2.64% for Hg?" | 96.00-98.75%; (determination of 10 uM of the
Hg?": Hg?": Hg?": analytes.  The  modified
0.05nM 0.5-20.0 uM 96.50-98.75% felectrode was successfully|
employed in the determination
of Cd?, Cu?*, Hg?, and Pb?* in|
soybean and river water|

samples.

Cd(11)  [Bimetal oxide 0.5 M PBS SWV 1.85ng L™ 6.2-1160.2ng Lt |At121.95ng L% 97.68-99.65% [No significant interference of|
(Bi,0s/Fe;03)-NPs (pH =5.0) 0.5% 123.45 ng L of Cr*, Fe*,
decorated GO modified Fe®*, Mn?", Ni?*, Pb%, Pb*,
PGE Zn?*, Cd?*, ascorbic acid, and

citric acid was observed in the|
determination of 121.95 ng L™}
of the analyte. The modified
electrode was successfully
employed in the determination|
lof Cd?* in food (potato, lemon,
and apple), soil, biological
samples (blood serum and
urine) and water (tap, drinking
and  chemical  laboratory
lwastewater) samples.

Cd(11),  [Insitu incorporated 0.1 M ABS DPV app?*: Pb?*: At25ugL? Pb?*: No significant interference off 5’

Pb(Il),  |oxidized MWCNTs on (pH =5.0) 0.008 ug LY 0.35-6.5ugLtand | Pb®, and 50 ug | 99.8-101.8%; [10 times the concentration of

Zn(ll),  |porous graphitic nitride Zn?: 6.5-110 ug LY L of Hg?, Zn%: F, SO, 50 times the

and Hg(I1)nanosheets modified SPE 0.06 ug L Zn%: Cd?*, and Zn?*: | 99.6-101.4%; [concentration of NO; and

Cd?: 4.2-202.0 ug LY | 0.97% for Zn?"; Cd*": NH,*, Mg?, Ca*, Ba?*, and
0.03 pg LY Cd*": 0.98% for Cd?*; | 98.8-101.4%; |AI** was observed in the
Hg®*: 4.25-79.0 pg L*and | 0.95% for Pb*; Hg®*: simultaneous determination of
0.04 pg L 79.0-251 ug L% 0.93% for Zn?" | 98.9-103.2% [the analytes.  Significant
Hg?": interference of Cu? was|

4.8-93.0 ugL? observed in the determination

of Pb*. The modified

electrode was successfully

employed in the determination

of Cd*, Zn?*, Hg*", and Pb?** in|




noodle and
(capsicum  and
samples.

vegetableg
cabbage)

Pb(IT)

IAu-NPs and N-deficient-
CsN,4 nanocomposite
modified GCE

0.1 M ABS
(pH =5.0)

SWASV

0.029 UM

0.2-0.8 UM

At 0.8 uM:
4.90%

99.4-100.8%

No significant interference off
50 times the concentration off
Cd?", slight interference of 10|
times the concentration of Cu?|
and interference of 10 times
the concentration of Hg?" was
observed in the determination
of 0.4 uM of the analyte. The|
modified electrode  was
successfully employed in the
determination of Pb* in
reservoir and tap water|
samples.

58

Pb(l1) and
cd(in

Zinc ferrite-NPs modified
GCE

0.1 M ABS
(pH = 6.0)

DPASV

Pb?*:
0.56 ppb;
Cd?:
1.26 ppb

10-130 ppb for both

analytes

NR

Pb%:
96.20-101.63%);
Ca?:
97.43-102.70%

No significant interference off
2.0 ppm Na* and NH,", 1.0
ppm As®*, 0.3 ppm Cr®, 0.05
ppm Cr3* and Ni?*, 1.2 ppm K*,
0.02 ppm Cu?*, 0.06 ppm
Mg?*, 5.5 ppm SO,*, 6.0 ppm
NO3", 4.5 ppm COz* and 8.0
ppm CIO, was observed in the|
determination of 100 ppb of]
each analyte. The modified
electrode was successfully
employed in the determination
of Cd?* and Pb*" in wastewater
and industrial sewage water
samples.

59

Pb(IT) and
Cd(ll

IAg-NPs, MWCNTSs, and
Nafion modified GCE

0.1 M NaCl

ASV

Pb?*:
0.493-157.2 ppb;
Cad?:
1.864-155.1 pph

NR

NR

IThe modified electrode was
successfully employed in the|
determination of Cd?* and Pb?
in organic and non-organic|
egetable samples.

60

Cd(1l) and
Zn(11)

Sparked Sn-NPs modified
GSPE

0.1 M ABS
(PH=4.5)
containing 0.2
M KBr

SWv

1-30 pg L* for both

analytes

NR

Cad?:
103.3%;
zn?*:
106.8%

Significant interference off
Cu?* was observed in the
determination of the analytes.
The modified electrode was|
successfully employed in the
determination of Cd?* and Zn?
in tap and bottled water
samples.

61

Ni(ll)

Phenylamide-oxime and
phenylamide nanolayer
covalently grafted carbon
modified GCE

0.1M
ammonium
acetate buffer
(pH =8.2)

SWv

0.9 uM

0-50 pM

At 10 pM: 16%

NR

No significant interference of 5
land 50 uM of Pb?*, Mg?*, Ca®*,
K*, and Na* was observed in
the determination of 50 uM off
the analyte. The modified

electrode was successfully
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employed in the determination|
of Ni?* in doped natural
mineral water samples.

Pb(IT)

Glutathione-
functionalized Au-NPs
MWCNTSs modified GCE

0.1 M ABS
(pH =5.0)

SWASV

0.01 UM

20-350 nM

At 0.1 uM: 4.5%

NR

No significant interference off
coexisting 10849 uM K*, 1632
uM Na®, 907 uM Mg?', 850,
UM Ca?, 0.28 uM Zn%, 3.42
uM Fe’*, 72 uM Mn?*, and
0.096 uM Cu?" was observed
in the determination of 0.1 uM
of the analyte. No significant
interference of individually|
adding 1000 times the
concentration of K*, Mg*,
Ca*", and Mn?* was observed|
in the determination of 0.1 uM
of the analyte. The modified
electrode was successfully
employed in the determination
of Pb?* in real rice phloem sap|
samples.

63

Cr(v1)

IAU-NPs modified SPCE

0.3 M HNO;
(pH = 0.5)

LSV

5.4pugL?

20200 pg L*

At50 pg Lh
6.1%

99%

No significant interference off
10000 times the concentration
of Ca?" and Mg?", 1000 times|
the concentration of Ni?*, Hg%",
and Cu?*, 100 times the]
concentration of Fe®, Cd*,
Pb?*, and Cr®* was observed in
the determination of 50 pg L™}
of the analyte. The modified
electrode was successfully
employed in the determination|
lof Cr® in river water samples.

64

Pb(l1) and
cd(in

Magnetic GO and Fe;0,
functionalized with
benzothiazole-2-
carboxaldehyde modified
GCE

0.1 M ABS
(pH =5.5)

SWASV

app?*:
0.02 ng mL%;

Cd?*:
0.03 ng mL*?

Pb%*:

0.0003-0.072 pM and

0.072-0.43 pM;
Cd*:

0.0007-0.13 pM and

0.13-0.8 uM

At0.2ngmL™*
of the analytes:
3.6% for Pb?*;
2.4% for Cd®*

Pb%*:
94.2-99.6%);
Cd*:
91.4-99.8%

No significant interference off
40 times the concentration off
Cr¥*, Mg¥, Cu?¥, K+, Zn*,
Ni%*, Hg?, and Na* was
observed in the determination
of 5 ng mL™ of the analytes.
The modified electrode was
successfully employed in the
determination of Cd?* and Pb?"
in wastewater, tap, and river|
ater samples.

65

Pb(I1) and
cd(n

Graphene-CuZrOs
nanocomposites modified
GCE

0.LMABS
(pH = 4.6)

SWASV

Pb?":
0.5-80 ug L'
Cd?":
1-100 pg L

At 20 pg L of
the analytes:
2.73% for Pb?*;
1.46% for Cd?*

Pb%*:
97.60-102.73%;
Ca?:
99.34-105.17%

No significant interference off
10 times the concentration off
IAs®, Hg?*, Zn%, Cr*, and K
as  observed in  the
determination of 10 ug L™ of

each  analyte.  Significant

66




interference of 10 times the|
concentration of Cu®* was
observed in the determination
of 10 pg L of each analyte,
The modified electrode was
successfully employed in the
determination of Cd?* and Pb?"
in soil samples.

?— simultaneous determination of the analytes; NR — not reported by the authors




Table S2: Analytical performance parameters (as reported by the authors) of various types of electrodes for trace heavy metal analysis developed in the last five
years (i.e. 2018-2022, including the research work published so far in 2023) using different polymers as modifiers.



Linear/Dynamic|

RSD at

Analyte Electroc_ie_ type and Supporting |Techniqu LOD concentration certain_ Recovery Observations Ref.
modification electrolyte | e used concentration (%)
range (%)
Pb(Il) In situ polymerized phytic| 0.1 M ABS | DPASV | 0.43nM 10-600 nM NR 93.2-98.9%  [No significant interference of 10 times the| ¢
lacid functionalized (pH =5.6) concentration of K*, Na', Ni?*, Cr®, zZn?,

PPy modified SPCE NH,*, ClI-, NO;~ and SO,* was observed in the
determination of the analyte. Significant
interference of 10 times the concentration of]
Hg?* and Cu** was observed in the
determination of the analyte. The modified
electrode was successfully employed in the|
determination of Pb?* in tap water samples.

Cr(ll) and [2-(5"-hexyl-[2,2":5"2" 0.1 M PBS cVv Cr?*: 1-100 uM for | At 1-100 uM NR The modified electrode was successfully] ©
Cu(ll) fterthiophen]-5-yl) (pH=7.0) 3.65 uM; both analytes [of the analytes: employed in the determination of Cr?* and
methylene)-1H-indene- Cu®: 10% for Cr?*; Cu?" in tap water samples.

1,3(2H) dione oligomer 2.25 uM 6.40% for Cu?

and GO modified GCE

Cd(ll) Prussian blue, poly(3,4- 0.1 M ABS DPV 0.85 nM 1nM-10 uM | At 500 pM: 93.2-103.2% |No significant interference of 10 times the| ©°
ethylenedioxythiophene) | (pH =5.0) 1.97% concentration of Mn?*, Pb?*, Ca?*, and Zn?/
polystyrene sulfonate- \was observed in the determination of 500 uM
loaded laser-scribed of the analyte. The modified electrode was
graphene nanocomposite successfully employed in the determination of]
modified GCE Cd?" in tap and drinking water samples.

Pb(I1) Magnetic NiFe,0,4-NPs 0.1 M ABS | SWASV 3.9nM 0.1-2.1 uM At 0.5 pM: 98.0-105.3% |No significant interference of 20 times the| ™
land PPy modified GCE (pH =5.0) 0.66% concentration of Cd**, Fe®*, Zn?*, Ni?*, Cu®,

and Na* was observed in the determination off
0.5 uM of the analyte. Slight interference of|
concentrations of Cd?* and Cu?* higher than 10,
UM was observed in the determination of the
analyte. The modified electrode was|
successfully employed in the determination of]
Pb?* in tap, lake, and river water samples.

Pb(I1) and [Bi, MWCNTSs and 0.1 M ABS | SWASV Pb?*: 2.0-400.0 nM | At 40 nM of NR No significant interference of 1000 times the| ™

Cd(ll) poly(thionine) modified |(pH =3.5) and 0.6 nM;  [for both analytes| the analytes: concentration of Na*, SO,%-, K*, NO3~, HCOO|
GCE 800.0 ug Lt Cd*": 4.7% for Pb?"; , PO,*, COs%, CI- and Ca?, 700 times the

Bi®* 0.4nM 4.5% for Cd** concentration of Sn*, 400 times the

concentration of AI** and Cr®*, 300 times the|
concentration of Ba®* and Zn?*, 200 times the|
concentration of Fe**, Co? and Ni?*, and 100
times the concentration of Hg?* was observed
in the determination of 40 nM of the analytes,
Significant interference of 30 times the)
concentration of Cu? was observed in the|
determination of 40 nM of the analytes. The
modified electrode was successfully employed
in the determination of Pb? and Cd?* in
rainwater, industrial effluent, seawater, tap and

well water samples.




Hg(ll) IAg-NPs and block 0.1 M PBS cVv 157 nM 2-25uM NR NR e
copolymer from poly (pH=7.0)
(methyl methacrylate) and
poly(2-acrylamido-2-
methylpropane sulfonic
lacid) modified GCE
TI(l) and |PDA-functionalized 0.1 M ABS | SWASV TI*: TI*: At 75 ppb of TI*: No significant interference of the same| ™
Pb(I1) MWCNTSs, Bi-NPs (pH =5.0) 0.04 ppb; 0.4-100 ppb; | the analytes: | 95.2-103.2%; |concentration of As®*, Ni*, Fe?*, Hg®', Cu®',
nanocomposite modified Pb?*: Pb?*: 3.1% for TI*; Pb?*: SO,%*, and hydrazine was observed in the|
GCE 0.07 ppb 100-400 ppb | 2.7% for Pb?* | 98.4-103.9% [simultaneous determination of 75 ppb of the,
analytes. Significant interference of the same|
concentration of Cd*" was observed in the
simultaneous determination of the analytes.
The modified electrode was successfully
employed in the determination of TI* and Pb?/
in wastewater, tap, and mineral water samples.
Pb(I1) and [Poly(melamine)/g-CsN, 0.1 M ABS DPV | %Pb?*:0.008 | 0.1-1.0 uM for | At 0.5 uM of Pb?*: No significant interference of 50 times the] ™
Cd(ll) nanonetwork modified (pH =5.0) uM; Cd?: both analytes | the analytes: | 92.50-106.40%; [concentration of SO,%, NOs-, F~, COs%, NH,",
pre-anodized SPCE 0.02 uM 1.1% Cd?*: Li*, K*, Na+, Ca®, Ba?*, and AIF* was
90.00-102.60% [observed in the determination of 1.0 uM of the|
analytes. Significant interference of 3 times the
concentration of CI- and 4 times the
concentration of Cu?* was observed in the
determination of the analytes. The modified
electrode was successfully employed in the
determination of Pb?" and Cd?" in tap, river,
and lake water samples.
Pb(11) and [Mesoporous silica- 0.1 M ABS DPV Pb?*: Pb?*: At300 ug L Pb?*: No significant interference of 10 times the] ™
Cd(ll) nanochannel films and (pH=550r 40pug LY | 4-150 ug LY [of the analytes: