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ABSTRACT

Chemicals such as potassium hydroxide (KOH), potassium ferrocyanide
(K4[Fe(CN)s]), and oxalic acid (H2C204) have been used as agents capable of rapidly and ef-
ficiently forming precipitates with heavy metal ions under natural environmental conditions.
The active components in these chemicals act as chelating agents, enabling them to form
stable precipitates or complexes with heavy metals present in water associated with oil and
in the surrounding soil.
This study compares the efficiency and characteristics of chemical precipitation products
with those formed via cathodic deposition during electrochemical treatment. The ability of
both methods to precipitate various heavy metals (HMs)—including Cr, Fe, Ni, Mg, Cu, Zn,
Ag, Cd, Mn, and Pb—was investigated. Each method demonstrated varying effectiveness
in removing specific metals, and it was measured deposition efficiency, standard deviation S
and a coefficient of variation (CV).
Chemical and electrical methods have treated oil-related water and soil contaminated with
common heavy metals, which could be removed and treated chemically and electrically. The
results revealed very high concentrations of these harmful heavy metals, which have con-
taminated oil-related water, the soil, the groundwater beneath it, and the plants it irrigates.
This poses risks to human and animal health and may even cause diseases and cancer.
Keywords: heavy metals, water associated with oil soil water treatment, Electrophoretic
Precipitation.
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1- INTRODUCTION
Biochemical-electrochemical
(BES) systems, as well as electrolytic reac-
tors (ERs), have been evaluated for their ef-
fectiveness in removing heavy metals (HMs)
and filtering fly ash. X-ray diffraction analy-
sis revealed high concentrations of zinc, lead,
and copper [1]. Various electrochemical treat-
ment methods, such as electrocoagulation
and electrolysis, have proven effective in re-
moving residual impurities from contaminat-
ed water [2]. A new electrolysis technology,
developed at laboratory scale, has been tested
for deep extraction and separation of various
metals, including heavy metals [3]. Microbial
electrolysis cells (MECs) have been devel-
oped to treat acid mine drainage (AMD), si-
multaneously producing hydrogen gas (Hz).
Dual-chamber microbial electrolysis cells
have also been specifically designed for the
removal of Cu*, Ni*, and Fe* under both sin-
gle-metal and mixed-metal conditions [4].
Laboratory-scale microbial fuel cells (MECs)
have successfully removed heavy elements
such as lead and cadmium under various
electrical conditions, operating times, and
concentrations [5]. For the removal of heavy

elements such as zinc, manganese, and nick-

el from process water, dual-electrode sys-
tems using steel as the cathode and coal- or
platinum-coated titanium as the anode have
shown promising results [6]. Further studies
have investigated the role of bioreduction
and electrochemical reduction in microbial
fuel cells (MFCs) and microbial fuel cells
(MEC:s) in the removal and recovery of harm-
ful organic pollutants [7]. Platinum-coated
coal and titanium electrodes showed good
anode resistance at different current densities
[8]. The performance of a continuous recir-
culation flow cell has also been evaluated at
low current densities and different pH lev-
els when treating wastewater and associated
water in copper smelting plants, confirming
the effectiveness of cathodic reduction in re-
moving organic pollutants [9]. The removal
efficiencies of Pb and Cd were found to be
significantly influenced by factors such as ap-
plied voltage, current, purging solution type,
soil pH, permeability, and zeta potential [10].

The electrochemical removal of
CM cations from aqueous solutions was in-
vestigated using single-chamber (DKE) elec-
trolyzers [11]. Although advanced oxidation
techniques can produce high-purity water,

their high operational costs limit large-scale
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implementation. Chemical coagulation,
while effective, is relatively slow and leads
to significant sludge generation [12]. So-
lidification/stabilization (S/S) methods are
being explored as potential treatments for
electrolytic manganese residue (EMR) [13].
An improved electrokinetic (EK) process
for heavy metal (HM) removal from electro-
plating sludge was developed by introducing
electrolytes into the electrode chambers, sig-
nificantly enhancing removal efficiency [14].
Moreover, an actively synthesized catholyte
solution was employed for the electrochemi-
cal deposition of HMs such as Fe, Cu, and Zn,
demonstrating its potential for electrocoagu-
lation (electro-flocculation) applications [15].
A laboratory-scale process integrating elec-
trolysis (EL) and electrodialysis (ED) was de-
signed for the efficient treatment of Cu-con-
taining wastewater [16]. A glow discharge
plasma (GDP) system has been developed,
combining redox mechanisms to decompose
heavy metal and organic complexes, using
Cu-EDTA as a model compound [17]. The
simultaneous removal of Fe** and Pb** in mi-
crobial electrolysis cells (MECs), along with

the targeting of ammonium ions in microbi-

al desalination cells (MDCs), has also been

demonstrated [18]. Electrochemical filtration
pressure cells operating in batch recirculation
mode for the removal of heavy metals from
copper smelting waste have been tested and
shown excellent results [19]. Adsorption
and other various physical and chemical
techniques have been explored, such as ad-
sorption using new sorbents, ion exchange,
membrane filtration, electrodialysis, reverse
osmosis, ultrafiltration, and photocatalysis
[20].Microbial electrolysis cells (MECs)
have emerged as an efficient technology for
the simultaneous removal and recovery of
nickel (Ni) from electroplating effluents, ef-
fectively eliminating both organic matter and
Ni ions [21]. The application of an electric
field significantly enhances pollutant remov-
al, as pollutant-containing particles behave
as polarizable species, functioning similarly
to pseudo-electrodes [22]. This method has
achieved a total mercury removal efficiency
of 60% [23].

A study investigating the electrode-
position of (Cu) and (Pb) onto palm shell-ac-
tivated carbon electrodes evaluated current
efficiency within a continuous packed-bed
electrochemical cell [24]. The electroly-

sis process employed selective anodes and
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cathodes to optimize Cu extraction, with
maximum efficiency obtained by adjusting
the current density [25]. Nanocrystalline Ni-
Fe-C cathodes incorporating carbon have
shown high electroactivity for the hydrogen
evolution reaction (HER) in hot alkaline
solutions, indicating their potential for im-
proved electrochemical performance [26]. A
novel cementitious composite material was
also developed to stabilize electrolytic man-
ganese residue (EMR), an industrial solid
waste rich in sulfur and heavy metals (HMs)
[27]. The performance of batch electrocoag-
ulation (EC) using iron (Fe) electrodes in a
monopolar configuration was evaluated for
the simultaneous removal of Cu, Ni, Zn, and
Mn from synthetic wastewater [28]. A com-
bined internal micro-electrolysis (IME)—elec-
trocoagulation process was also developed at
the laboratory scale for treating real copper
smelting wastewater [29]. Electrolysis using
Fe electrodes resulted in the generation of
Fe** ions and Fe(OH)s precipitates, while Cu
electrodes produced Cu?* ions and Cu(OH):
precipitates [30].

Electrolysis experiments were con-
ducted using iron, steel, aluminum (Al), and

zinc (Zn) electrodes under varying current

densities and treatment durations to evaluate
the removal of physico-chemical contami-
nants, heavy metals (HMs), and microbio-
logical pollutants from different wastewater
sources [31]. The results also indicated that
a pretreatment process using quicklime ef-
fectively solidified and stabilized HMs [32].
Waste printed circuit boards (WPCBs) are
among the most complex and valuable com-
ponents of electronic waste, containing a va-
riety of recoverable metals [33]. Electrolysis
is used to remove mercury (Hg) from residual
effluents generated during gold processing,
using electrode-driven chemical reactions in
an electrolyte solution [34]. Electrocoagula-
tion is used to remove HMs such as Cu, Cr,
Pb, and Zn from industrial wastewater [35].
Metal removal during electrocoagulation
periods can be improved with longer time,
increased sodium chloride (NaCl) concentra-
tions, and increased electrical current [36].
To improve chromium (Cr) recov-
ery, various combinations of electrodes have
been tested to increase the extraction capac-
ity [37]. Electrolytic membrane extraction
(EME) is used to remove Cu from aqueous
solutions, using a specialized electrochemi-

cal cell consisting of two glass chambers, a
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supported liquid membrane (SLM), a graph-
ite anode, and a stainless steel cathode [38].
Electrokinetic treatment of soils contami-
nated with copper, lead, and chromium has
been piloted and has proven promising [39].
Stabilization of contaminants from electro-
lytic manganese residue (EMR) is critical to
ensure its safe handling and potential reuse
in environmental protection [40]. the active
chemicals in Picovit, Clara, Drill, Endocer
Givescon, Hydral, Laxofin, Maxlase, Mo-
tilium, Orapen, Scopinal, Maltvitamin, and
Xilone drugs have been used as chelating
agents for heavy metals remediation [41].

In this study, heavy metal ions
were precipitated using oxalic acid, potassi-
um ferricyanide, and potassium hydroxide.
The efficiency of chemical precipitation was
compared with that of electro-precipitation.
Both methods were applied to remove heavy
metals from water and soil associated with oil
production in the Nafoora field, operated by
the Arabian Gulf Oil Company in Jalu, Libya.
2- EXPERIMENTAL
2.1. Chemicals and Equipment’s

Beakers of 250 ml capacity - Filter
papers - Funnels - Cylinder tester - Cups -

Conical flasks Sensitive balance — Standard

measuring flasks 250 ml.
2.2. Preparation of solutions

100 ml of solution of 0.1 molar
are prepared from the following materi-
als: Cu (NO,), .3H,0 (2.4g), AgNO, (1.7g),
MgSO, (1.2g), NiSO, (1.54g), Fe (NO,),
9H,0 (4.04g), Cr (NO,), S9H,0 (4g), Cd-
SO,4H,0 (3.52), Pb (NO,), (3.3g), ZnSO,.
7H,0 (1.61g) and MnSO,. (1.69g). Add 50
ml of metal ion solution to 50 ml from 0.1M
precipitating agents (Oxalic acid, C,H,0O,,
Potassium ferricyanide K [Fe (CN)s] and Po-
tassium hydroxide KOH, then, the solution
was filtrated, dry, and weighted.
2.3. Method of precipitation

50 ml of heavy metal salts solution
such as Cu (NO,), .3H,0, AgNO, MgSO,,
NiSO,, Fe (NO,), .9H,0, Cr (NO,), .9H,0,
CdSO,.4H,0, Pb (NO,),, ZnSO,. 7H,0 and,
MnSO,, were added to 50 ml of 0.1 M solu-
tion of H,C,0O, acid and the temperature was
adjusted to 25 degrees and the pH value to
7-8 using a buffer solution of H,C O, acid
and Na,C,0, and the solution was left for 24
hours to ensure the complete precipitation
process. Then the precipitate was filtered,
washed with distilled water, dried and the

precipitate was weighed and the precipita-
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tion efficiency was calculated under those
conditions. The work was repeated with
three other precipitating agents; H,C O, acid,
(K4[Fe(CN)s]) and KOH) then the solution
was filtrated, dry, and weighted.
2.4. Digestion of the percipitation:

The percipitation process took
place for a period of one to three hours on a
water bath or leaving it for a period of 12-24
hours at room temperature. During the diges-
tion process, crystallization is continuously
re-crystallized, which leads to elimination of
pockets trapped inside the percipitation, Get
rid of impurities, Creating bridges, which
leads to the formation of larger granules, Dis-
solution of small granules and growth of large
granules. It is the weight of the substance to
be determined (the precipitate) contained in
one gram of the precipitate. The gravimetric
coefficient = the atomic weight of the ele-
ment to be determined / the molecular weight
of the precipitate.

At. Wt
The gravimetric coefficient(GC) = e -1

MW

2.5. Electrolysis cell
Electrochemical cell design, elec-
trode setup, and principles of operation

(maximum capacity of 100 mL of sample or

electrolyte reservoir) and all the other appara-
tus are shown in Fig. 1. The device was com-
posed of (a) a jacketed electro- chemical cell,
a conventional three-electrode arrangement
with a (b) Ag/AgCl (KClsat.) reference elec-

trode, (c) a platinum wire auxiliary electrode,

and graphite electrode.

Figure.(1). Shows the electrolysis cell for
CdSO,. 8H,0.

2.6. Electrophoretic Precipitation Method

The feasibility of this process for
the recovery of (HMs) from aqueous solu-
tions was determined. The effects of three
operational parameters, namely voltage,
initial ion concentration, and water flow, on
the recovery of metals and water were inves-
tigated and optimized. The feasibility of this
process for the extraction of heavy metals
from aqueous solutions was determined. The

effects of three operational parameters were
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investigated: voltage using a voltage range of
5 —12 'V, initial ion concentration in all 0.1 M
(HM) ion solutions, and the surface area of
the electrodes used for electrodeposition. The
process also included a 24-hour holding time,
electrode drying, weighing, and calculating
the amount of precipitate formed on the cath-
ode as a result of the deposition process. The
process also included calculating the depo-
sition efficiency for solutions with a known
concentration of 0.1 M. The same conditions
were then applied to water associated with
the oil and the precipitation of (HM) ions.
The accompanying soil was also prepared
by placing 100 grams of the accompanying
soil in a liter of distilled water with continu-
ous stirring for two hours, then filtering the
solution and taking 100 ml of the filtered
solution and precipitating the ions in it by
electro-precipitation under the same previous

conditions.

2.7. statistical determination

-Among these statistical indicators are the
following:

-Variation coefficient CV and it get from the

relationship:
CcV = 5 x 100 2)
X

-where S is the standard deviation and it get

from the relation:
_ B -0 of
= 51 @

-where X is the mean, which is the arithme-
tic average of the values, and it get from the
relationship:

Xfxx

X="3r

———————(®)

3. RESULTS

3.1. Precipitate HMs by oxalic acid.

Table .(1). The GC, ppt, % eff. S, CV, and K sp., of heavy metal precipitate with oxalic acid.

Ppt/g Cr Fe Ni Mg Cu Zn Ag Cd Mn Pb
GC 0.37 0.39 0.40 0.21 0.35 0.42 0.35 0.35 0.38 0.70
ppt 0.01 0.01 0.495 0.01 0.605 0.28 0.684 0.055 0.085 | 0.349
eff % 1.5% 1.4% 70% 1.8% 80% 37% 46% 8% 12% 25%
S 0.001 | 0.001 0.05 0.001 0.05 0.02 0.05 0.001 0.001 0.02
Ccv 10% 10% 10% 10% 8% 7% 7% 2% 12% 6%
K sp - - - 10-5x8 - 10-5x2.7 - 10-8x1.5 - -
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Figure.(2). shows the weight ppt of metal

oxalate in 100 ml of solution.

From Figure.(2). The relationship
between the metals oxalate which precipitat-
ed by adding 50 ml of 0.1M of oxalic acid to
50 ml 0.1M of metal ions.

3.2. Precipitate HMs by (K«[Fe(CN)s]).

Table .(2). The GC, ppt, % eff. S, CV, and K sp., of heavy metal precipitate with potassium

ferricyanide.

Ppt/g Cr Fe Ni Mg

Zn Ag Cd Mn Pb

GC 0.35 0.37 0.38 0.18

0.42 0.92 0.32 0.37 0.92

ppt 0.278 1.804 0.599 | 0.11

0.517 | 097 | 2.394 | 1.532 | 0.902

eff % | 23% 99% 40% 8%

33% | 42% 99% 99% 40%

S 0.03 0.06 0.05 0.01 0.02 0.05 0.08 0.05 0.05
CV 10% 3% 10% 10% 4% 6% 3% 3% 6%
K sp - | 10mx1.21 - - 16-:10x1.3 - - - - -
3 (Ks[Fe(CNJe])

2.5

B Potassium ferricyanide
2
ol
B
0.5 I
: [

Cr Fe Ni Z\[g Cu Zn Ag Cd Mn Pb

Metal ions

Figure.(3). Shows the weight ppt of metal ferricyanide in 100 ml of solution.
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From Figure.(3). The relationship (K4[Fe(CN)s]) to 50 ml 0.1M of metal ions.
between the metals ferricyanide which was 3.3. Precipitate HMs by potassium hy-
precipitated by adding 50 ml of 0.1M of droxide.

Table 3. The GC, ppt, % eff. S, CV, and K sp., of heavy metal precipitate with KOH

Ppt/g Cr Fe Ni Mg Cu Zn Ag Cd Mn Pb
GC 0.6 0.63 0.63 0.41 0.65 0.65 0.86 0.58 0.61 0.86
ppt 2.276 0.092 0.349 0.473 1.004 0.329 0.765 1452 | 1313 0.225
eff % 99% 29% 76% 56% 97% 66% 99% 99% 99% 19%

S 0.01 0.001 0.03 0.05 0.05 0.03 0.08 0.08 0.07 0.03
cvV 1% 1% 10% 10% 5% 9% 10% 6% 6% 13%
Ksp 710% 6.3 #10x4 15710%2.0 710x1.8 2°10%2.2 17710x1.2 - - - 15710%1.2

KOH
25

0.5

I ‘ W Potassium hydroxide

Metal ions

Prt g
- |
Fe m
Ni
Mg —

Figure. (4). Shows the weight ppt of metal hydroxide in 100 ml of solution.

From Fig.4. The relationship be- tated by adding 50 ml of 0.1M of potassium
tween the metals hydroxide which precipi- hydroxide to 50 ml 0.1M of metal ions.

3.4. Precipitate HMs by electrolysis.
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Table .(4). The ppt, % eff. S, CV, and V of heavy metal precipitate by electrolysis.

Ppt/g Cr Fe Ni Mg Cu Zn Ag Cd Mn Pb
ppt 0.645 | 0.633 | 0.864 | 0.212 | 0.107g | 0.239 | 0.674 | 0.761 | 0.382 0.382
% eff. 62% 57% 75% | 44% 9% 18% | 62% | 90% 35% 19%
S 0.06 0.06 0.06 | 0.02 0.01 0.03 0.05 0.06 0.03 0.03
Ccv 10% 10% 8% 10% 9% 12% 8% 9% 8% 8%
v -091 | -0.77 | -023 | -23 0.34 -0.76 | 0.80 | 0.40 -1.18 -0.13
electrolysis
1
0.8
op 06
§=3
=04

0

ha

D”ll.l”

melectrolysis

Cr Fe Ni Mg Cu Zn Ag Cd Mn Pb
Metal ions

Figure. (5). Shows the weight ppt of metals at electrodes by electrolysis.

From Figure.(5). The relationship
between the metals which was precipitated
by electrolysis. Fig.5. displays the relation-
ship between the metals which precipitated
by electrolysis. The findings show that Cr,
Fe, Ni, Ag, Cd, Mn, and Pb were the highest
precipitated than other metal ions by elec-
trolysis. The percentage of deposition on the
negative electrode in the electrolytic cell is
due to the value of the reduction potential of
the ions on the cathode when all other factors

are constant, which made the values of the

percentage of deposition consistent with the
values of the reduction potentials in order. Cr
=—091V,Fe=-077V,Ni=—0.23V, Ag
=+0.80V,Cd=-0.40V,Mn=-1.18 V, Pb
=-0.13V

3.5. The differences between the precipita-
tion of heavy metals by chemical precipita-

tion and electrolysis
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® Oxalic acid
25
B Potassium ferricyanide
2 ¥ Potassium hydroxide
=0 electolysis
£ 135 :
o,
1
]
Cr Fe Ni Mg Cu Zn Ag cd Mn Pb

Metal ions

Figure.(6). Shows The differences between chemical precipitation and electrolysis

3.6. Application precipitation of heavy metals at soil and

3.6.1. The differences between chemical water associated with oil.

Application

0.9
0.8

0.6
0.5
204

0.3

"

0.1

msoil

B Wastewater

Figure.(7). Shows the weight ppt of metal oxalate, (Ka[Fe(CN)s])and KOH in 100 ml of solution

at water associated with oil and soil.
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3.6. 2. The differences between the precip-

itation of heavy elements by electrodeposi-

tion of both soil and water associated with

oil.

Electrolysis

soil

WLl

Wastewater

Samples

Figure. (8). Shows the weight ppt of metals at electrodes by electrolysis.

4. DISSECTIONS

Table (1). Shows that Cu, Ni and Ag have
the highest deposition efficiency of 80%,
70% and 0.46 respectively, with oxalate, at
standard deviation S= 0.05 and a coefficient
of variation of C. V= 8%, 10% and 7% re-
spectively.

From figure. (2), shows that Ag, Cu, Ni, and
Pb were the highest precipitated than other
metal ions by oxalic acid. oxalic acid facil-
itated to the removal of Pb*" [42], K " of
Ag,C,0, white = 5.40 x 1072, CuC,0, =2.9
x 10%, NiC,0, =1 107, and PbC O, white =
4.8 x 1071°, The results of the precipitation of
heavy element ions using H.C>04 were con-

sistent with the solubility product of each of

the precipitates: Ag,C,O,, then Cu, then Ni,
then Pb.

Table (2). Shows that Cu, Fe, Cd and Mn
have the highest deposition efficiency of
99%, 99%, 0.99 and 0.99 respectively, with
standard deviations S= 0.05, 0.06 and 0.08
and a coefficient of variation of CV= 2%,
3%, 3% and 3% respectively, and the solubil-
ity product of K sp. of Cu is 1.3x10'¢ and K
sp. of Fe 1.21 x 107!, respectively.

From figure. (3), shows that Fe, Cu, Cd, Pb,
and Mn were the highest precipitated than
other metal ions by Potassium ferricyanide.
K forFe=1.21x 10", [43].

Table (3). Shows that Cr, Ag, Cd and Mn

have the highest deposition efficiency of
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99%, 99%, 0.99 and 0.99 respectively, with
standard deviations S= 0.01, 0.08, 0.08 and
0.5, and coefficients of variation CV = 1%,
10%, 6% and 6% respectively, and the solu-
bility product Ksp. of Cr is 6.3x10°! and of
Pb is 1.2x10°"° respectively.

In figure. (4), shows that Cr, Cu, Cd, and Mn
were the highest precipitated than other metal
ions by potassium hydroxide KOH, K o CT
(OH), gray-green = 6.3 x 107", Cu (OH),=
pale blue =2.2 x10 %, Cd (OH), =7.20 x 10°
*,Mn (OH), light pink =1.9 x 107" [44]. The
results of the precipitation of heavy element
ions using KOH were consistent with the sol-
ubility product of each of the precipitates: Cr,
Cu, Cd, Mn.

Table (4) Shows that through electrodeposi-
tion, cadmium, nickel, chromium and silver
have the highest deposition efficiencies of
90%, 75%, 0.62 and 0.62 respectively, with
standard deviations of 0.01, 0.08, 0.08 and
0.5 and coefficient of variation of 9%, 8%,
6% and 5% respectively, and reduction po-
tentials as shown in Table 4.

From figure. (5), shows that Cr, Fe, Ni, Ag,
Cd, Mn, and Pb were the highest precipitat-
ed than other metal ions by electrolysis. The

percentage of deposition on the negative elec-

trode in the electrolytic cell is due to the value
of the reduction potential of the ions on the
cathode when all other factors are constant,
which made the values of the percentage of
deposition consistent with the values of the
reduction potentials in order. Cr = — 0.91 V
,Fe=-0.77V,Ni=—-0.23 V,Ag=80.0+V,
Cd=-040V,Mn=-1.18 V,Pb=-0.13V
From figure. (6), shows that Cr, Fe, Cu, Cd,
and Mn were the highest precipitated than
other metal at all, the order of the most pre-
cipitated elements was approximately consis-
tent with both the solubility constant and the
reduction potentials.

From figure. (7), shows that the highest met-
al ions were precipitated from wastewater
than other metal the ions were precipitated
from soil due to the concentration of metal
ion in wastewater was greater the concentra-
tion of metal ions at soil.

From figure.(8), shows that the highest met-
al ions were precipitated from wastewater by
electrodeposition than other metal the ions
were precipitated from soil by electrodeposi-
tion due to the concentration of metal ion in
wastewater was greater the concentration of

metal ions at soil.

University of Benghazi©2025 All rights reserved. ISSN: Online 2790-1637, Print 2790-1629
National Library of Libya, Legal number: 154/2018

171



SJUOB (2025) 38 (1) Applied Sciences: 159 — 178

5. CONCLUSION

Chemical precipitation, offers a rel-
atively simple and cost-effective approach for
removing heavy metals (HMs) from contam-
inated water. The use of chelating agents such
as (KOH), (K4Fe(CN)e]), and (H2C204)
enables efficient removal of multiple metal
ions simultaneously. While electrochemical
methods can also remove heavy metals, they
generally require more complex setups and
higher energy input compared to chemical
precipitation. Electrochemical precipitation
may be particularly useful for the selective
extraction of specific heavy metals.

Chemical precipitating agents such
as KOH, K4[Fe(CN)e], and H2C204 act as
chemical precipitating and chelating agents.
These react with heavy metal ions in water
and aqueous soil solutions, forming insol-
uble compounds that then precipitate. This
process effectively removes various heavy
metals from oil-related water, such as Cr, Fe,
Ni, Mg, Cu, Zn, Ag, Cd, and Pb, with selec-
tive efficacy. The effectiveness of chemical
precipitation and electrochemical precip-
itation (using a cathode) for the removal of
heavy metals from oil-related water has been

compared. Both methods have been shown

to be capable of removing heavy metals, but
they operate through different mechanisms.
Chemical precipitation involves adding pre-
cipitating agents (such as KOH or H2C>0x)
that react with metal ions to form insoluble
compounds, which then precipitate from
solution. Electrochemical precipitation in-
volves applying an electric current to reduce
metal ions at a cathode, forming solid metal
deposits. Different precipitating chemicals
have been shown to exhibit varying efficien-
cies in precipitating heavy metals at varying
rates. Oxalic acid (H2C>04) was particularly
effective at precipitating cadmium or mag-
nesium, while K4[Fe(CN)s]) may be more
effective at precipitating metals such as cop-
per or silver. Potassium hydroxide is known
to raise the pH of water, facilitating the pre-
cipitation of metal hydroxides, and is partic-
ularly effective for metals such as copper and
nickel. K4[Fe(CN)s]) is effective at forming
stable complexes with metals such as copper
and zinc, often resulting in highly efficient
removal. H2C>Os is particularly effective at
removing metals such as calcium, magne-
sium, and iron. These metals are harmful and
carcinogenic and can accumulate in plants,

animals, and humans, causing a range of ail-
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ments, including organ damage and cancer.
Therefore, treating water contaminated with
heavy metals from petroleum activities is
critical to preventing environmental damage
and protecting humans from disease.
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