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ABSTRACT
Plant-extract inhibitors are attractive for mitigating marine and oil-and-gas corrosion while reducing toxicity

and environmental persistence. Here, an aqueous Psidium guajava (guava) leaf extract was evaluated as a green
inhibitor for mild steel in 5% NaCl at room temperature for 24 h, under both (i) conditions without H₂S and (ii) H₂S-
souring simulated by in situ Na₂S/acetic acid. Inhibition performance was pre-screened by the weight-loss method
and interpreted using adsorption-isotherm fitting and Hill-type dose-response analysis to estimate apparent adsorp-
tion/thermodynamic parameters and characteristic concentrations. To assess environmental compatibility, bioaccumu-
lation potential

(
log P{ o

w}
)
, seawater biodegradation (OECD 306 BOD/COD), and a brine-shrimp toxicity screen

were also assessed. The extract produced concentration-dependent inhibition with different optimum ranges depend-
ing on H₂S presence and exhibited low bioaccumulation potential and substantial biodegradation in the screening
tests. Although electrochemical and surface-analytical validation is required, the combined corrosion-performance
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plus environmental-screening workflow suggests Psidium guajava leaf extract as a promising candidate for further
development of sustainable corrosion inhibitors.
Keywords: Psidium guajava; Mild Steel; Green Corrosion Inhibitor; Weight Loss; Adsorption Isotherm; Dose-Response;
H₂S; Bioaccumulation; Biodegradation; Toxicity Screening

1. Introduction
Corrosion is a spontaneous electrochemical degrada-

tion process that causes substantial safety risks and eco-
nomic losses in sectors such as marine infrastructure and
oil-and-gas transportation. In saline environments, aggres-
sive ions (especially Cl⁻), dissolved oxygen, humidity and
temperature cycles accelerate general and localized corro-
sion of steels, leading to pitting, crevice corrosion and under-
deposit attack [1–6]. In souring or acidification scenarios
(e.g., H₂S/CO₂ ingress), corrosion can intensify and protec-
tive films may become unstable, making corrosion mitiga-
tion essential for extending the service life of pipelines, stor-
age tanks and offshore components [7,8].

Conventional corrosion inhibitors can be effective, but
their toxicity and persistence motivate the development
of biodegradable, low-bioaccumulating alternatives. Plant
extracts are promising because they contain phytochemi-
cals (polyphenols, flavonoids, tannins, terpenoids and other
heteroatom/π-electron rich compounds) that can adsorb on
metal surfaces and form a barrier film, often showingmixed-
type inhibition [9–13]. Recent studies have demonstrated high
inhibition efficiencies using leaf- and crop-waste extracts to-
gether with adsorption and mechanistic analyses, for exam-
ple papaya leaves for Cu in H₂SO₄ [14], betel leaves for mild
steel in HCl [15], andDalbergia odorifera leaves for Cu with
combined experimental and theoretical modeling [16–18].

Psidium guajava (guava) leaves are widely used in
traditional medicine and are rich in antioxidant phenolics
and flavonoids [19–21], suggesting potential as a corrosion-
inhibiting extract. In this work, we report a laboratory-level
pre-screening of aqueous guava-leaf extract for mild steel
corrosion control in 5% NaCl, both without and with H₂S
generated in situ to mimic sour/acidified marine conditions.
Beyond inhibition efficiency from weight-loss measure-
ments, we include a screening-level environmental assess-
ment (log P{ o

w}) for bioaccumulation tendency, OECD
306 BOD/COD biodegradation, and a brine-shrimp toxicity

test). We further interpret the concentration dependence us-
ing adsorption-isotherm fitting and dose-response analysis;
these models provide apparent parameters for comparison
and guide future electrochemical and surface-analytical val-
idation [21–24].

2. Materials and Methods
Mild steel (MS), IS 513 CRCA DD steel (Commer-

cial grade) with a composition of 0.1% carbon, 0.45% man-
ganese, 0.035% sulfur, and 0.035% phosphorus) sheets
were sourced locally from a metal fabrication workshop in
Tumkur, Karnataka. All chemicals were purchased from S.
D. Fine Chemicals and used without any further purification.
Leaves of the guava plant were obtained, from the campus
of Government First Grade College, Tumkur. Corrosion in-
hibition was determined by weight loss studies. Balance Ac-
culab (Sartorius) model –ALC 210.4 was used for measur-
ing weights [25]. Absorbance values were recorded on a UV-
Visible spectrophotometer (ELICO SL-159) to evaluate the
bioaccumulation. A vortex mixer Remi was used to mix the
solutions thoroughly for partitioning. Seawater for toxicity
tests was sourced from the Arabian Sea, Mangalore. Freeze-
dried cysts of Brine shrimp, known as ‘sea monkey’ used for
the study were hatched in seawater, sourced from Namma
Bengaluru aquarium, Bal Bhavan, Cubbon Park, Bangalore.

2.1. Pre-Treatment of Mild Steel (MS)
Coupons

The sheets were made into 1 cm2 (0.05 cm thickness)
coupons grease was removed with acetone. In the pick-
ling solution (Zinc-NaOH solution) prepared as per ASTM
G1-90 [26] coupons were dipped for 30 min at 80 °C. The
coupons were removed, washed with distilled water, dried
and polished with grade 600 emery paper until the surface
was shiny. After removing the dust, the coupons remained
in the desiccator till they were used.
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2.2. Preparation of Medium

To make a 5% sodium chloride solution, 5 g of sodium
chloride was dissolved in 100 cm3 of distilled water.

2.3. Preparation of Plant Extract of Guava
Leaves

4 g of fresh guava leaves were boiled in 100 cm³ of
distilled water for 45 min. The resulting extract was fil-
tered and diluted to 100 cm³ in a standard flask to produce a
4% aqueous solution. A set of solutions with concentrations
ranging from 50 to 500 ppmwas then prepared by adding dif-
ferent volumes of the stock solution to the corrosionmedium
(Figure 1).

2.4. Pre-Screening of the Inhibitor

The primary criterion for green inhibitors is inhibition
efficiency determined by pre-screening of the inhibitor. The
corrosion inhibition efficiency (IE) of a substance refers to
its capacity to decrease or prevent the rate of rusting or cor-
rosion of a metal when introduced into a simulated envi-

ronment. The IE depends on several factors, including the
type of metal, the temperature, the characteristics of the in-
hibitor, and the nature of the environment, time of exposure,
etc. An inhibitor showing good corrosion efficiency is later
tested for its environmental compatibility by investigating
its biodegradability, bioaccumulation and its toxicity to the
environment. For the determination of IE, primarily the cor-
rosion rates should be calculated experimentally. This is
achieved by techniques like wheel, bubble, static, jet im-
pingement (JI), rotating cage (RC) test, etc. Weight loss
measurement of the coupons in the media is the common-
est methods used to calculate the corrosion rates. To begin
with, the weight loss studies were carried out in seawater
to simulate the conditions. The coupons were cleaned, and
the initial weight was noted. Later, to maintain more strin-
gent conditions were maintained by employing 5% Sodium
chloride was employed as reported here. Experiments were
tried out, with and without Hydrogen sulphide (H2S) to sim-
ulate the acidification condition of the ocean. Hydrogen sul-
phide was generated in situ by the addition of 0.353mg fresh
sodium sulphide (Na2S x.H2O) and 17 g of Acetic acid to
100 ml of 5% NaCl [27] solution.

Figure 1. Plant extract of guava leaves and weight loss studies.

2.5. Weight Loss Studies

Weight-loss measurements were used as the primary
pre-screening method to estimate the corrosion rate (CR)
of mild steel (MS) and the inhibition efficiency (IE) of the

guava-leaf extract. Mild steel coupons of known exposed
area A were immersed in 40 cm3 of 5% NaCl solution at
room temperature 25 ± 2 °C for 24 h, both (i) in the ab-
sence of inhibitor (blank) and (ii) in the presence of the plant
extract at different inhibitor concentrations (ppm). Tests
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were performed with and without H2S to mimic acidifica-
tion/souring conditions (H2S generated in situ as described
in the experimental section). After immersion, the coupons
were retrieved, rinsed, dried, and weighed. The mass loss
was computed as:

∆W = Wb −Wa (1)

where Wb is the coupon mass before immersion and Wa is
the coupon mass after immersion.

Corrosion rate was expressed in mils per year penetra-
tion (mpy) and calculated using Equation (1):

CR(mpy) =
K∆W

Atϱ
(2)

where K = 3.45 × 106 is the unit conversion constant for
mpy when W is in grams (g), A is in cm2, t is the exposure
time in hours (24 h in this study), and ϱ is the density of mild
steel

(
7.86 g cm−3).
Definition of symbols: Wb and Wa denote coupon

mass before and after immersion, respectively; ∆W =

Wb − Wa is mass loss. A is the exposed area, t is im-
mersion time, and ρ is metal density (if corrosion rate is
expressed in thickness-loss units). Inhibition efficiency is
IE(%) = ∆W0−∆Wi

∆W0
× 100, where subscripts 0 and i in-

dicate blank and inhibitor-containing media, respectively.
Surface coverage is θ = IE/100. C is inhibitor concen-
tration (ppm) [28].

From the corrosion rate (or equivalently from mass
loss), the inhibition efficiency of the extract was calculated
using Equation (2):

IE(%) =
∆W0 −∆Wi

∆W0
× 100 ≡ IE(%) =

CR0 − CRi

CR0
× 100

where subscript 0 denotes the blank (no inhibitor) and sub-
script i denotes the inhibitor concentration.

Statistical treatment and uncertainty (recommended
for strengthening): For each condition (blank and each in-
hibitor concentration), replicate coupons should be tested
(minimum n = 3 recommended) and reported as mean ±
standard deviation. For corrosion rate,

CR=
1
n

n∑
j=1

CRj , s=

√√√√ 1
n−1

n∑
j=1

(
CRj − CR

)2
and the 95% confidence interval for the mean can be re-
ported as:

C̄R± t0.975,n−1
s√
n

Differences among concentrations may be tested using
one-way ANOVA (or Kruskal-Wallis if normality is not sat-
isfied), with p < 0.05 considered significant.

2.6. Environmental Impact Assessment

As per the guidelines listed by PARCOM, environmen-
tal assessment for a corrosion inhibitor is to be carried out
for a certain length of time, to assess that an inhibitor can
continue in the environment and 60% of it must degrade af-
ter 28 days [29], which is the permissible limit for measure-
ment of biodegradability. The bioaccumulation evaluation
was examined by the partition coefficient of the inhibitor
between n-octanol and water mixture which is stated as Log
(Po/w). For a good corrosion inhibitor, the bioaccumulation
value, log (Po/w) < 3. The third parameter, toxicity is to be
defined in terms of both EC50 and LC50. Toxicity [30] tests
can be carried out at various levels of the food chain, as they
can be used to primary producers, such as algae, as well
as consumers, such as fish and crustaceans, that contribute
to the biodiversity of a given area. The effective dose of
a chemical substance needed to kill 50% of the population
of aquatic organisms is known as LE or EC 50. The active
concentration of a chemical needed to kill 50% of the popu-
lation is known as the LC50 [31].

2.6.1. Bioaccumulation
Bioaccumulation [32] was determined by calculating

the inhibitor’ s partition coefficient between n-octanol and
water for the plant extract. For the octanol layer that was iso-
lated from the plant extract using an octanol mixture (shaken
vigorously for 15min), absorbance wasmeasured at BE. Oc-
tanol combination aqueous phosphate buffer was added to
this plant extract, shaken briskly for another half hour, and
left overnight. After separating the octanol layer, the ab-
sorbance AE was measured the following day. The ratio of
the concentration of the plant extract present in the octanol
layer (Coctanol) to the concentration present in the aqueous
phase (Caq) gives the partition coefficient of plant extract
(‘Po/w’). Log of this value should be less than 3 (< 3) for
the substance to be non-bio-accumulating. This was repli-
cated for different volumes of the plant extract, n-octanol
and buffer as shown in Table 1. The partition coefficient
was calculated from Equation (3):

Po/w=
Coctanol

Caq
=

BE
BE−AE

(3)
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Table 1. Amounts of n-octanol, corrosion inhibitor and the buffer for the determination of AE and BE.

Sl. No. Volume of n-Octanol (cm3) Volume of Inhibitor (cm3) Volume of Buffer (cm3)

C-1 5 2 5
C-2 5.8 2.2 4
C-3 6.6 2.4 3
C-4 7.4 2.6 2
C-5 8.2 2.8 1

2.6.2. Evaluation of Biodegradation
Biodegradation was determined by measuring the

length of the period during which the substance stays in the
environment. This test was executed as per OECD 306 test
guidelines [33] for testing the biodegradability of substances
in seawater. This test involves subjecting compounds to
a 28-day Biological Oxygen Demand (BOD) test. A sub-
stance must degrade by 60% or more within 28 days of the
test’s start date to be considered fast biodegradable.

If a substance is not biodegradable then it becomes
toxic to the surroundings over a period of time affecting
the aquatic and marine life. If the substance is biodegrad-
able then it is capable of decomposition by microorganisms.
BOD is the amount of actual oxygen consumed by the mi-
croorganisms by which an organic substance is converted
into CO2 and water.

Chemical Oxygen Demand (COD) quantifies the oxy-
gen necessary to transform substances to carbon dioxide and
water. Biodegradation is the ratio of BOD to COD of any
substance calculated using Equation (4). If the substance
is 60% or more biodegradable, then it is removed from the
marine system easily.

Biodegradation (BD)=
BOD × 100

COD
(4)

BOD should be > 60%, for a substance to be biodegrad-
able.
Assessment of Chemical Oxygen Demand (COD)

COD is consumed for the oxidation of oxidisable or-
ganic and inorganic matter in a water sample. It accounts
for both biodegradable and non-biodegradable substances
present in a sample of water. Chemically, it gives a mea-
sure of chemicals susceptible to oxidation by a strong oxi-
dizing agent, potassium dichromate in a standardized ana-
lytical procedure applied to a water sample. It is the oxygen
taken from potassium dichromate in 2 h. It is not affected by
the existence of microorganisms. It has been observed that
BOD values are lower than the values of COD for a given
sample. The presence of non-biodegradable substances is

responsible for the large difference in the COD and BOD of
a water sample. In case of seawater which has a higher chlo-
ride concentration in the sample (exceeding 2,000 mg/L), a
modified procedure for saline waters is used [34,35].

Inhibitor (4% plant extract) was mixed with seawater
in the same proportion as it was mixed for the determination
of BOD. 5 cm3 of this mixture was taken for the determina-
tion of COD.

The procedure was repeated for distilled water and sea-
water separately to determine the COD for distilled water
(Blank1) and seawater (Blank2). The Plant extract-seawater
mixture was kept at room temperature for 28 days in an
incubator. The above procedure was repeated with 5 cm3

of plant extract-seawater mixture to get COD after 28 days.
The difference in the values of COD before and after 28 days
was calculated.

Biological Oxygen Demand (BOD)

The quality of marine water is determined by Dis-
solved Oxygen (DO). If the oxygen-demanding materials,
viz., organic or inorganic are introduced into the seawater,
it causes a diminution of the dissolved oxygen in the water,
posing a menace to aquatic life, and the concentration of the
oxygen falls below a critical point [36]. BOD quantifies the
oxygen required by the microorganisms to effectively de-
compose certain organic and inorganic material in seawater
under standardized conditions for 28 days [37].

2.6.3. Evaluation of Toxicity
Tests for toxicity can be carried out at various stages

of the food chain. Brine shrimp are a great option for basic
toxicity studies of various consumer products. They have
been employed as a “benchtop” for corrosion inhibitor tox-
icity studies. The brine shrimp were hatched in seawater
(4 g/L of seawater). During the study, using an air bubbler
or pump, the water was continuously aerated. After 24 to
36 h at lab temperature (about 26–28 °C), the eggs hatch.
Toxicity testing was carried out by adding different doses of
corrosion inhibitor. The inhibitor was serially diluted using
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seawater for different concentrations.
Observations were made with respect to the number of

shrimp- alive or dead and the motility of the shrimp alive.

3. Results and Discussion
In the present study, there were two phases to the in-

vestigation of plant extract as a corrosion inhibitor: firstly,
Weight loss studies were used to estimate the corrosion effi-
ciency, followed by the study of its environmental impact.
Seawater absorbs pollutants like sulphur dioxide, which
may arise due to emissions of ocean-going vessels, scrub-
bing activity of ships, etc., leading to ocean acidification [38]

to an extreme level that many countries have regulations
for checking the SOx emissions by the vessels. Therefore,
we intended to carry out the initial corrosion inhibition tests
in the presence and absence of H2S. Initially, the corrosion

rates for MS were measured, without adding the inhibitor in
the presence and absence of H2S in a more drastic medium
of 5%NaCl solution to simulate the field conditions to study
the inhibition efficiency of the plant extract.

As per the weight loss measurements for blank
(medium only) with and without H2S, the corrosion rate is
higher in the absence of plant extracts, at 13.91 and 11.21
mpy, as shown in Tables 2 and 3. Then the experiments
were taken up in the presence of plant extract of guava leaves
on mild steel at various concentrations in the presence and
absence of H2S, and the data have been tabulated in Tables
4 and 5. From the data it is observed that a good inhibition
capacity is observed above 100–200 ppm in the absence of
H2S. Similarly, above 400 ppm of inhibitor concentration in
the presence of H2S, a good % IE was observed. Figure 2
gives the plots of concentration against % IE of the inhibitor.

Table 2. Calculation of corrosion rate for medium (without inhibitor, without H2S).

Trial No.

 

Wa (g) Wb (g) Weight Loss (g) CR (mpy) Average CR (mpy)

1

 

0.4205 0.4220 0.0015 13.72

13.912

 

0.5191 0.5207 0.0016 14.50
3

 

0.4351 0.4368 0.0017 15.55
4

 

0.4950 0.4963 0.0013 11.89

Table 3. Calculation of corrosion rate for blank or medium (without inhibitor, with H2S).

Trial No. Wa (g) Wb (g) Weight Loss (g) CR (mpy) Average CR (mpy)

1

 

0. 5035 0.5045 0.0010 9.15

11.212

 

0.4982 0.4995 0.0013 11.90
3

 

0.4467 0.4479 0.0012 10.99
4

 

0.4257 0.4271 0.0014 12.81
Note: Weight of coupon before immersion (Wb), Weight of coupon after immersion (Wa).

Table 4. Inhibition efficiency of the extract of guava leaves in 5% NaCl solution to MS in the absence of H2S.

Trial No. Concentration of PE (ppm)

 

Wb (g) Wa (g) Weight Loss (g) CR (mpy) % IE

1

 

50

 

0.4740 0.4731 0.0009 8.22 40.8
2

 

100

 

0.4654 0.4651 0.0003 2.74 80.3
3

 

150

 

0.4527 0.4525 0.0002 1.83 86.8
4

 

200

 

0.4556 0.4553 0.0003 2.74 80.3
5

 

300

 

0.4979 0.4975 0.0004 3.66 73.7
6

 

400

 

0.4478 0.4475 0.0005 4.57 67.1
7

 

500

 

0.4512 0.4509 0.0005 4.57 67.1
Note: All measurements were performed after a 24 h immersion period.

Table 5. Inhibition efficiency of the extract of guava leaves in 40 cm3 (5% NaCl ) to MS in the presence of H2S.

Trial No. Concentration of PE (ppm) Wb (g) Wa (g) Weight Loss (g) CR mpy IE %

1

 

50

 

0.4588 0.4583 0.0005 4.57 59.2
2

 

100

 

0.5114 0.5110 0.0004 3.65 67.3
3

 

150

 

0.4761 0.4757 0.0004 1.83 83.6
4

 

200

 

0.4381 0.4378 0.0003 1.83 83.6
5

 

300

 

0.4524 0.4522 0.0003 2.74 75.5
6

 

400

 

0.4594 0.4592 0.0002 0.91 91.8
7

 

500

 

0.4488 0.4486 0.0002 0.91 91.8
Note: All measurements were performed after a 24 h immersion period.
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For all fitted relationships (isotherms and dose–
response), goodness-of-fit was assessed using R2 (lin-
earized fits) and by inspecting residual patterns; future work
will report RMSE and parameter confidence intervals from
replicated measurements.

Figure 3 consolidates all mathematical/numerical
analyses into a single graphic. The main plot shows in-
hibition efficiency (IE%) versus concentration with Hill-

type dose-response fits and IC50 markers for NO2S and
with H2S conditions (data from Tables 4 and 5). Insets
show the adsorption linearizations used for mechanistic
interpretation: Langmuir transform (C/θ vs. C) compar-
ing NO2S and H2S in the monotonic adsorption region,
and Temkin linearization (θ vs. lnC) for NO2S (50–150
ppm). Fit quality (R2) and key parameters (Kads, a, IC50)
are annotated.

Figure 2. Plots of concentration of inhibitor versus the percentage inhibition efficiency.

Figure 3. Single-figure integrated adsorption and dose-response curves for guava-leaf extract inhibitor on mild steel (5% NaCl, ±H2S).

3.1. Adsorption Isotherm Modeling and Ther-
modynamic Interpretation

Surface coverage was computed from inhibition ef-
ficiency as θ = IE(%)/100 using the concentration-IE
datasets in Tables 4 and 5.

Because the full-range IE shows non-monotonic be-
havior at higher concentrations (suggesting possible ag-
gregation/competitive adsorption), isotherm fits were per-
formed on the initial monotonic adsorption region: 50–150
ppm (without H2S) and 50–200 ppm (with H2S).

NO2S (50–150 ppm): Temkin/Freundlich-type behav-
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ior dominated, indicating heterogeneous adsorption and pos-
sible lateral interactions. InTable 6, the Temkinmodel gave
the best fit (R2 = 0.942) with a = 2.299 and an apparent
adsorption constantKads = 5.41×10−2 Lmg−1. With H2S
(50–200 ppm): The Langmuir model described the data well
( R2 = 0.984 ), givingKads = 2.64× 10−2 L m−1.

Thermodynamic note (important for crude extracts):
For plant extracts, concentration is typically reported in ppm

(mg/L), soKads is an apparent constant in Lmg−1. If a repre-
sentative molar mass is assumed for the dominant adsorbing
constituent (here reported on a quercetin-equivalent basis,
M = 302.24 g mol−1, at T = 298), the corresponding ap-
parent adsorption free energy is:

• Without H2S: ∆G◦
ads ≈ −34.01 kJ mol−1

• With H2S: ∆G◦
ads ≈ −32.22 kJ mol−1

Table 6. Isotherm fit summary.

Condition (Fit Range) Best Model R2 Key Parameters

Without H2S (50–150 ppm) Temkin

 

0.942 f = 2.299;Kads = 5.41× 10−2
(
ppm−1 , apparent )

With H2S (50–200 ppm) Langmuir

 

0.984 Kads = 2.56× 10−2
(
ppm−1 , apparent ); intercept 1/Kads = 39.14

3.2. Adsorption Behavior and Thermody-
namic Quantity Analysis

Surface coverage (θ) was computed from inhibition ef-
ficiency (θ = IE/100) using the concentration-IE datasets.
Because crude plant extracts are multicomponent mixtures
and the measured IE can become non-monotonic at higher
concentrations, isotherm analysis should be interpreted as
an effective (apparent) description of adsorption-driven pro-
tection rather than a strict single-molecule thermodynamic
model [39].

To examine adsorption behavior, multiple isotherms
were considered. The Langmuir model (C/θ = 1/Kads +

C) provides a first-order approximation corresponding to
monolayer adsorption with no lateral interactions. How-
ever, plant extracts often adsorb on heterogeneous surfaces
and may show interactions among adsorbed species; there-
fore, Temkin and Freundlich-type models (which allow sur-
face heterogeneity and interaction effects) can be more ap-
propriate in limited concentration windows. In addition,
Frumkin and El-Awady (kinetic/cluster) isotherms are often
used to capture lateral interactions and multi-site occupancy,
particularly when the inhibitor contains multiple functional
groups and molecular sizes [40].

Recent plant/crop-waste inhibitor studies explicitly
compare several adsorption models and show that the
“best” isotherm can depend strongly on concentration range,
medium, and whether the extract exhibits aggregation or
competitive adsorption at high doses [41–44]. In sour condi-
tions (H2S present), competitive adsorption between extract
constituents and sulfide species, together with the formation

of FeS/oxidemixtures, can further modify adsorption behav-
ior and shift the apparent optimum concentration.

Thermodynamic quantities derived from isotherm fit-
ting (e.g.,∆G◦

ads = −RT ln (55.5Kads )) should be reported
and discussed as apparent adsorption parameters for the ex-
tract mixture. Treating the extract as a single component
simplifies comparison across systems but does not imply
a single inhibitor molecule; therefore, these values require
validation with replicated datasets and complementary elec-
trochemical/surface analyses (EIS/polarization; SEM/EDS,
XPS/FTIR) to confirm adsorption mechanism and film com-
position.

3.3. Dose-Response Fitting and IC50 Estima-
tion (Generated from Tables 4 and 5)

To quantify dosage dependence, the inhibition effi-
ciency was fitted by a Hill-type model:

IE(C) = IEmin +
IEmax − IEmin

1 +
(
IC50

C

)n
where IEmax is the maximum achievable inhibition, IC50 is
the concentration giving half of the maximal response, and
n is the Hill slope (steepness). In this work IEmin ≈ 0 was
used for pre-screening fits.

To quantify dosage dependence and extract an effec-
tive concentration, the inhibition efficiency data were fitted
using a Hill-type dose-response model in the monotonic re-
gion.

Without H2S (50–150 ppm): Using the rising branch
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up to the peak IE (Table 4), the fitted parameters were:

IEmax = 86.8%, IC50 = 51.58 ppm,

Hill slope p = 3.92
(
R2 = 0.998

)
(Table7).

From the fitted curve, the concentration required to
achieve target inhibition levels was:

C80 ≈ 96.74 ppm andC85 ≈ 137.90 ppm.

With H2S: The data show a dip at 300 ppm but reach
a maximum IE of 91.8% at 400–500 ppm (Table 5).

To capture the underlying increasing trend, the fit was
applied to the monotonic envelope (50, 100, 150, 400 ppm),
giving:

IEmax = 91.8%, IC50 = 34.09 ppm,

Hill slope p = 1.30
(
R2 = 0.895

)
.

From this curve, the dosage needed for higher inhibi-
tion levels was:

C85 ≈ 237.30ppm and C88 ≈ 381.07ppm, consistent
with the experimental observation that strong inhibition is
obtained at ≥ 400 ppm under H2S conditions.

Table 7. Dose-response summary.

Condition Fit Points Used IE max (%) IC 50 (ppm) Hill Slope

Without H2S 50–150 ppm (rising branch)

 

86.8 51.58 3.5
With H2S Envelope (50, 100, 150, 400 ppm)

 

91.8 34.09 1.3

Discussion of Non-Monotonic Inhibition Efficiency
The inhibition efficiency does not always increase

monotonically with concentration, and fluctuations (or
decreases) at intermediate/high doses can occur for
plant extracts. Plausible causes include adsorption-site
saturation followed by inhibitor–inhibitor interactions,
aggregation/micelle-like clustering that reduces effec-
tive surface adsorption, partial desorption due to weakly
bound species, or competitive adsorption with other ions
in solution. Under H₂S-souring, additional factors may
contribute, including competition between phytochemi-
cals and sulfide for surface sites and the formation of
mixed FeS/oxide films that alter surface charge and ad-
sorption affinity. These mechanisms can shift the con-
centration that produces maximum protection and explain
dips or plateaus in IE; they should be verified in future
work using electrochemical measurements and surface
characterization.

3.4. Environmental Aspect of the Inhibitor

Bioaccumulation results (Table 8) show logPo/w ≪
3, indicating negligible bioaccumulation potential for the
aqueous guava-leaf extract under the tested conditions.
Biodegradation was evaluated using OECD 306 seawater
BOD/COD measurements (Tables 9–11). The biodegrada-
tion percentage wasBD = (BOD/COD)×100 = 61.2%
after 28 days (Table 11), satisfying the “readily biodegrad-
able” criterion ( ≥60% in 28 days). A useful kinetic interpre-
tation is obtained by assuming first-order decay: if 61.2% is
degraded by day 28, the remaining fraction is 0.388, giving

k = − ln(0.388)
28

= 3.38× 10−2 day−1,

t1/2 =
ln 2
k

≈ 20.5 days.

These results support that the inhibitor is both low-
bioaccumulating and environmentally non-persistent at the
screening level.

Table 8. Bioaccumulation data for the extract of guava leaves.

Conc. BE AE Po = BE
BE−AE Log Po/w

C-1 0.843 0.008 1.009 0.004 < 3
C-2 0.808 0.034 1.044 0.019 < 3
C-3 0.709 0.039 1.058 0.025 < 3
C-4 0.786 0.101 1.147 0.060 < 3
C-5 0.786 0.268 1.517 0.181 < 3

Note: Absorbance was measured at 291.5 nm for BE and 292.5 nm for AE.
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Table 9. BOD of the plant extract from guava leaves.

Sl. No.

 

Sample

 

BOD Day 1 mg/mL

 

BOD Day 29
mg/mL BOD Diff. mg/mL BOD Sample = (BODS − BODSW

− BODDW) mg/mL

1

 

Blank-DW 0.973 0.7784

 

0.1946

 

-
2

 

Blank-SW 2.604 2.003

 

0.601
3

 

Guava extract 41.66 4.607

 

37.05

 

= (37.05 − 0.601 − 0.1946) = 36.25
Note: SW—Sea water, DW—Distilled water.

Table 10. COD data of the plant extract of guava leaves.

Sample

 

COD1
mg/mL

COD2
mg/mL COD before (Day 1)

 

COD after (28 Days)

 

Difference COD = (COD before
− CODafter) mg/mL

Blank DW

 

-

 

-

 

-

 

-

 

-
Blank SW

 

395.2

 

-

 

-

 

-

 

-
Guava extract 612.56 553.28  (612.56 − 395.2) = 217.36 (553.28 − 395.2) = 158.08  (217.36 − 158.08) = 59.28

Note: SW-Sea water, DW-Distilled water.

Table 11. Biodegradation (B.D.) for corrosion inhibitor.

Sl. No. Sample

 

BOD Sample Average mg/mL Difference COD
mg/mL

B.D. = BOD × 100
COD B.D. %

1

 

Blank-DW

 

0.195

 

-

 

-

 

-
2

 

Blank-SW

 

0.601

 

-

 

-

 

-
3

 

Guava extract 36.25

 

59.28

 

(36.25 × 100)/59.28 = 61.2 61.2
Note: SW—Sea water, DW—Distilled water, BODS—Biological oxygen demand sample, BODSW—Biological oxygen demand sea water, BODDW—Biological oxygen
demand blank.

Toxicity was evaluated using brine shrimp, and the
observations are summarized in Table 12. At 24 h (Day-
1), mortality remained low across all tested concentrations
(0–500 ppm). Using Abbott’s correction relative to the
blank (Day-1 blank mortality = 2/10), the highest-dose cor-
rected mortality at 500 ppm is (0.40− 0.20)/(1− 0.20) =

0.25(25%), indicating that LC50 was not achieved within

the tested range. Therefore, the screening-level estimate
is LC50,24 h > 500 ppm, supporting low acute toxicity at
relevant inhibitor dosages. Longer-term survival decreases
across all treatments including blank (Table 12), suggesting
time-dependent baseline stress; hence future work should re-
port replicated acute endpoints (24–48 h) and compute LC50

via logistic/probit fits using replicate batches.

Table 12. Toxicity investigations of the plant extract of guava leaves.

Sl No. Conc. of Inhibitor ppm

 

No. of
Shrimp No. of Shrimp after 30 min

 

Day 1

 

Day 2

 

Day 3

 

Day 4

 

Day 5

1

 

0 (blank)

 

10

 

10

 

8

 

5

 

3

 

1

 

1
2

 

50

 

10

 

10

 

8

 

4

 

3

 

1

 

1
3

 

100

 

10

 

10

 

7

 

5

 

2

 

1

 

1
4

 

150

 

10

 

10

 

7

 

5

 

2

 

1

 

1
5

 

200

 

10

 

10

 

7

 

4

 

1

 

1

 

1
6

 

300

 

10

 

10

 

6

 

4

 

1

 

0

 

0
7

 

400

 

10

 

10

 

6

 

4

 

1

 

0

 

0
8

 

500

 

10

 

10

 

6

 

3

 

1

 

0

 

0

4. Conclusions

This study provides a laboratory-level pre-screening of
aqueous Psidium guajava leaf extract as a potential green cor-
rosion inhibitor formild steel in 5%NaCl, evaluated bothwith-
out andwithH2S-souring conditions generated in situ. Weight-

loss measurements showed a clear concentration dependence
of inhibition efficiency, with the optimum concentration range
shifting when H2S was present, consistent with changes in
surface chemistry and competitive adsorption in sour media.
Adsorption-isotherm and doseresponse fits were used to ex-
tract apparent parameters (e.g., Kads , ∆G◦

ads , IC50/EC50-

33



Journal of Building Material Science | | Volume 08 | Issue 03 | September 2026

type metrics) that support a predominantly adsorption-driven
protection mechanism; however, these parameters should be
interpreted as effective values for a multicomponent extract
and verified using replicate datasets.

Environmental compatibility was assessed at the
screening level. The measured logPo/w values were <
3 across tested mixtures, indicating low bioaccumulation
tendency, and the BOD/COD results suggest substantial
biodegradability in seawater according to OECD 306 crite-
ria. The brine-shrimp assay indicated low acute toxicity in
the tested concentration window. Taken together, the find-
ings support that guava-leaf extract is a promising candi-
date for further development but claims of environmental
friendliness should remain cautious until broader ecotoxic-
ity (e.g., LC50/IC50 on multiple trophic levels), chronic ex-
posure tests, and life-cycle considerations are completed.

Future work should integrate electrochemical tech-
niques (potentiodynamic polarization and EIS), sur-
face/morphology analyses (SEM/EDS, XPS/FTIR), and
replicated experiments to confirm mechanism, quantify un-
certainty, and establish performance under field-relevant
flow, temperature, and long-term exposure conditions.
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