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Hydrocortisone (HYD) is a synthetic corticosteroid widely used as an anti-inflammatory in 

human and veterinary medicine. Its presence in environmental water, though in trace  

concentration, is evident in posing hazardous risks towards aquatic organisms, which leads to 

numerous health and environmental issues. This contaminant enters environmental water through 

improper disposal of expired drugs, production residues, and spillage during manufacturing. 

Dispersive micro-solid phase extraction (D-µSPE) is a solid-phase extraction technique capable 

of enhancing reproducibility when dealing with low-concentration samples and is excellent in 

eliminating interferences. In this study, D-µSPE was developed and optimised using graphene 

oxide (GO) as sorbent coupled with high-performance liquid chromatography (HPLC) to pre-

concentrate HYD in water samples. Several parameters, such as sorbent mass, sample pH, 

extraction time and solvent desorption volume, were investigated using a time (OFAT) approach 

followed by Liquid Chromatography analysis. Under the optimum conditions, the method 

provided a good linearity of 0.9882 over a concentration range of 50 and 400 μg L-1. The limit 

of detection (LOD) and limit of quantification (LOQ) values were 2.77 μg L-1 and 8.38 μg L-1, 

respectively. The relative recovery was calculated within the range of 98 – 120%, and an 

excellent relative standard deviation (RSD) of ≤ 5% (n = 3) was obtained. The D-μ-SPE-GO 

method was successfully applied to tap water samples. The results showed that the developed 

method was selective, sensitive, and environmentally friendly to the water samples. 
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Hydrocortisone (HYD) is an anti-inflammatory 

medication that is widely used in the treatment 

of allergic conditions, rheumatoid arthritis, asthma, 

chronic obstructive pulmonary diseases (COPD), and 

autoimmune disorders [1]The increase of HYD in 

aquatic environments has been identified worldwide 

due to uncontrolled prescription and non-prescription 

usage. This compound, being hydrophilic and polar, 

is easily transported and distributed through a  

water system. Removing this contaminant through 

conventional wastewater treatment is inefficient,  

causing the effluent of wastewater treatment plants 

to be the primary source of emerging steroids in 

environmental water [2]. 

 

The occurrence of HYD in aquatic environments, 

though in trace concentrations (ng L-1), is capable of 

mimicking or blocking the endogenous hormones [3]. 

This leads to numerous health risks, such as hormone-

dependent cancers, reduced sperm counts, obesity, and 

fertility deterioration in humans. Whereas for aquatic 

organisms, the risk posed by this steroid exposure 

includes a decline in reproduction, sexual malformations, 

and intersex changes [4]. 

 

Given the low concentration of HYD in water 

samples, sample preparation is considered a crucial 

step to ensure high accuracy and good reproducibility 

[5]. Sample preparation's advantages include enriching 

the target analytes, removing interferences, improving 

the compatibility of the sample with detection methods, 

and enhancing analyte detectability [6]. This step 

profoundly influences the total time required for 

analysis and the quality of results obtained [6].  

 

To date, solid phase extraction (SPE) has become 

one of the most popular methods for sample 

preparation due to its simplicity, shorter processing 

time, less consumption of organic solvent, and 

compatibility with various detection methods compared 
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to liquid-liquid extraction (LLE). However, the SPE 

method is unable to carry simultaneous extractions 

and has a tedious sample-loading procedure [7]. With 

regards to these limitations, dispersive micro solid 

phase extraction (D-µ-SPE) has become an excellent 

approach to simplify the procedure and concurrently 

reduce the extraction time [7]. This method is 

acknowledged as a green extraction technique (GreETs) 

as miniaturisation of SPE reduced sample consumption 

and waste generation drastically [8]. Moreover, D-µ-

SPE is proven to be an excellent approach for complex 

samples with different physical states, offering high 

sensitivity on trace and ultra-trace level [9]. 

 

The triumph of the D-µ-SPE technique depends 

significantly on the proper sorbent choice. Graphene-

based materials are new materials with great diversity 

in analytical chemistry applications due to their  

intrinsic characteristics, such as large surface area 

and functionalisation possibility. They comprised 

sp2 hybridised carbons bonded in a hexagonal 

honeycomb crystal structure by covalent bond (σ) and 

parallel pi (π) bond [10]. To date, graphene has been 

acknowledged as the strongest and thinnest 

nanomaterial, having a sheet thickness of 0.34 nm 

[11]. However, due to the hydrophobicity and 

aggregation problem, this nanomaterial is not a 

proper choice to be implemented in the D-µ-SPE 

technique for aqueous sample [11]. 

 

Graphene oxide (GO) is one of the graphene 

derivatives produced through the oxidation of graphite 

using Hummer’s method [9]. The presence of abundant 

oxygen-containing functional groups in GO, namely 

hydroxyl, carboxyl, and epoxy, associated with the 

hydrogen bonding and electrostatic interactions between 

GO and organic compounds [12]. These functional 

groups also provide more active properties to GO, 

resulting in high dispersibility in aqueous medium 

[12]. Owing to its outstanding characteristics, the 

implementation of GO as sorbent using D-µ-SPE as 

the pre-concentration technique for trace concentration 

compounds is of high potential [12]. 

 

With the exponential growth of pharmaceutical 

industries since the last decade, this study is significant 

to explore the green sample preparation techniques, 

which is D-μSPE as a preconcentration and separation 

method using a high potential sorbent to achieve rapid 

determination of trace amount of HYD in the water 

sample. Furthermore, methanol was used as a greener 

solvent substitution to accommodate toxic acetonitrile 

as the mobile phase to reduce environmental impact. 

 

EXPERIMENTAL 

 

Chemicals and Materials 

 

The HYD standard was purchased from Sigma-Aldrich. 

HPLC-grade methanol (MeOH) was purchased from 

Merck (Darmstadt, Germany). Barnstead Nanopure 

(Thermo Scientific) produced ultrapure water.  

Graphene Oxide powder was purchased from GO 

Advance Solution (UPM, Malaysia). Water samples 

were taken from tap water in the laboratory, UiTM 

Shah Alam. 

 

Chromatographic Conditions 

 

The instrumental analysis of HYD was performed 

using the Agilent Technologies 1200 series HPLC 

system (Agilent Technologies, USA) equipped with 

solvent degasser, autosampler with 5μL loop, 

quarternary pump, column thermostat, and diode-array 

(DAD) detector. The chromatographic separation was 

carried out on a Zorbax Eclipse C18 column (10 cm x 

2.1 mm, 3.5 μm); the mobile phase consisted of (A) 

methanol and (B) ultrapure water at 50:50 (A: B) 

composition of isocratic elution. Before the analysis, 

the chromatographic system was stabilised for 45 to 

60 min. The flow rate was set at 0.5 mL min-1, the 

injection volume was 5 μL, and the column thermostat 

was set at 38˚C. The detector wavelength was set 

at 254 nm. The chromatographic data was processed 

using Agilent Chemstation software. 

 

Preparation of Stock and Standard Solutions 

 

Adding MeOH prepared a 1000 mg L-1 of HYD 

stock solution. Next, working solutions were formed 

in a series of dilutions from stock solutions. A      

100 mg L-1 stock solution dilution using MeOH 

yielded 10 mL of standard solution with spiked 

concentrations of 2, 4, 6, 8, and 10 mg L-1. All 

standard solutions were stored in amber glass 

bottles at 4 ˚C. Tap water samples were collected 

from a laboratory in Universiti Teknologi MARA 

(UiTM) Shah Alam, Selangor, Malaysia. 

 

Dispersive Micro Solid Phase Extraction (D-µ-

SPE) Procedure 

 

The extraction method of D-μSPE was adopted by 

Zaini et al. (2022), illustrated in Figure 1. About 20 

mg of GO was dispersed in 10 mL of spiked water 

sample, followed by agitation using a vortex mixer 

for 10 seconds. This step enhanced the sorption of 

target analytes onto the sorbent. Next, the partitioning 

of sorbent and supernatant was performed using a 

centrifuge at the speed of 8000 rpm for 10 minutes. 

The supernatant was later discarded. Then, the extracted 

analytes were eluted with 0.6 mL of MeOH, followed 

by agitation using a vortex mixer for 2 minutes. 

The desorption solvent and sorbent were partitioned 

using a centrifuge, adopting the same previous 

setting. Later, the eluent was collected by running 

it through a 0.45 μm disposable nylon filter (13 

mm i.d.) into a vial, followed by liquid chromatography 

analysis. 
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Figure 1. D-µ-SPE procedure of HYD extraction from water sample using GO nanosorbent. 

 

 

Optimisation Parameters of D- μ-SPE Procedure 

 

Four significant parameters were studied, employing 

one-factor-at-a-time (OFAT): mass of sorbent, volume 

of desorption solvent, extraction time, and sample pH. 

The reproducibility of D-μ-SPE was increased before 

optimising extraction conditions. 

 

Method Validation and Data Analysis 

 

The D-μ-SPE technique's validation includes 

determining the limit of detection (LOD), the limit 

of quantification (LOQ), precision, linearity, and 

the percentage of analyte recovery (% recovery) 

following the extraction stages. Analytical parameter 

validation was necessary to guarantee that the 

processes and instruments employed were excellent 

for analyte determination.  

 

Calibration Curve 

 

Calibration standard curves were established through 

linear regression, represented by y = ax + b. In this 

equation, y denotes the peak area, a represents the 

slope, x represents the respective concentration, and 

b represents the intercept. The linearity responses 

of HYD were assessed using a set of standards 

encompassing five concentrations, ranging from 50 to 

400 µg L–1. The requirement for satisfactory linearity 

was set with a minimum coefficient of determination 

(R2) value of 0.95. 

 

Limit of Detection and Quantification 

 

The values for the limit of detection (LOD) and the limit 

of quantification (LOQ) were established employing 

linear regression equations: LOD = 3.3 σ/S, and LOQ, 

3 times higher than LOD, is calculated as                   

LOQ =10 σ/S. Here, σ denotes the standard 

deviation of the lowest concentration, and S 

represents the slope of the calibration graph. 

 

Repeatability 

 

The proposed method's precision was characterized by 

repeatability (intra-day precision) and reproducibility 

(inter-day precision), expressed as relative standard 

deviation (RSD). Intra-day precision was assessed by 

triplicate measurements of the lowest concentration 

level prepared on the same day. Conversely, inter-day 

precision was evaluated by repeating the procedure 

for three consecutive days. 

 

Recovery 

 

The accuracy of the method, indicated by % recovery 

(R%), was assessed by spiking real samples with 

HYD, reaching a final concentration of 100 µg L–1. 

While there is no official guideline stipulating the 

recovery of spiked pharmaceuticals in water, the 

acceptable range is typically between 70% ̶ 120%, 

accompanied by a relative standard deviation (RSD) 

of ≤ 20% [17]. 
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Figure 2. The effect of (a) mass of sorbent, and (b) volume of desorption solvent on the extraction of HYD using 

GO nanosorbent. 

 

 

RESULTS AND DISCUSSION 

 

System Performance 

 

The calibration curve, depicting peak area (y-axis) 

against the concentration of HYD in parts per million 

(ppm) (x-axis), was constructed using five concentrations 

of standard HYD injected into the HPLC. The  

calibration curve demonstrated linearity within the 

2 - 10 mg L-1 range. The linear regression equation 

of the calibration curve was determined, and a good 

level of linearity was confirmed with a correlation 

coefficient (R2) of 0.9624. 

 

Optimisation of D- μ-SPE Procedure 

 

Hydrocortisone (HYD) was utilised in the optimisation 

process to optimise the sorbent mass, desorption solvent 

volume, extraction time, and sample pH. These four 

parameters were varied, and the peak area responses 

were observed to identify the optimum conditions for 

extracting HYD from water. The conditions with the 

highest peak area were selected for each parameter. 

All parameters underwent testing in distilled water, 

spiked beforehand with target analytes, each at a  

concentration of 4 mg L-1. 

 

Effect of Sorbent Mass and Desorption Solvent 

Volume 

 

The quantity of sorbent employed plays a crucial 

role in determining the effectiveness of D-μSPE 

extraction. Initially, the optimisation of the sorbent 

mass involved varying the mass of graphene oxide 

(GO) used for analyte adsorption. This investigation 

aimed to identify the minimal sorbent required to 

achieve the maximum extraction efficiency for the 

target analyte. The results were then graphically 

represented to determine the optimal GO mass. Figure 

2 (a) illustrates that the mass of 20 mg of GO exhibits 

the highest peak area. The peak area increased to 

20 mg but began declining to 30 mg. This outcome 

suggests that 20 mg of GO provides sufficient active 

sites for the adsorption of HYD. Moreover, the 

chromatogram signals decreased for higher quantities 

of adsorbent, likely attributed to poorer sorbent  

dispersion, as noted in the study by Reyes-Gallardo, 

2013 [13]. 

 

The effect of desorption solvent volume was 

studied to identify the solvent needed for the complete 

elution of the trapped analyte. MeOH was selected as 

the disperser solvent due to its lower toxicity. The 

optimised volume of desorption solvent was determined 

to be 0.6 mL, yielding a maximum peak area of 

100.7047 mAU/s and significantly enhancing HYD 

extraction recovery compared to other volumes.  

Figure 2 (b) depicts the substantial increase in total 

chromatographic areas as the volume of desorption 

solvent is increased to 0.6 mL. However, beyond 

this optimised volume, the chromatographic peak 

experiences a decline. This phenomenon can be 

attributed to the increased affinity of HYD to the 

aqueous solution due to the aqueous solution's  

polarity reduction. Consequently, this diminishes 

HYD extraction recovery. As a result, 0.6 mL of 

MeOH was utilised for subsequent tests. 

 

Effect of Extraction Time and Sample pH 

 

The investigation into the effect of extraction time 

aimed to determine the duration needed for the  

complete adsorption of HYD onto the surface of the 

GO sorbent. Achieving adsorption equilibrium is  

crucial in the D-µ-SPE system, where adsorption 

and desorption rates stabilize. In this study, vortex 

agitation was employed to facilitate the adsorption of 

HYD. The relationship between extraction time and 

the interaction of the analyte with the adsorbent was 

explored by varying the agitation time from 5 to 25 

seconds. The findings suggested that the duration of 

vortexing did not significantly impact the recovery. 

This lack of influence could be attributed to the 

extensive contact surface area between the GO 

nanosorbent and the sample solution. Consequently, 

the swift mass transfer of the analyte from the aqueous 

phase to the sorbent surface occurs at such a rapid pace 

that equilibrium is promptly reached [14]. The rapid 
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adsorption of HYD was associated with the unique 

morphology of GO, which features both sides of its 

planar sheets accessible to analyte adsorption [15]. 

In all subsequent stages of this study, a 10-second 

extraction time was adopted to obtain a well-dispersed 

mixture of GO and sample. 

 

The pH levels of the water samples were 

assessed within the range of 5 to 11. The findings 

revealed that altering the water sample to pH 9 

resulted in the strongest signal, indicated by the 

response area of the chromatographic peak depicted 

in Figure 3 (d). This figure highlights the optimised 

pH for extracting HYD from water samples. Notably, 

the form of the analytes can vary based on the pH 

of the aqueous phase. The adsorption onto the 

sorbent and solubility in the aqueous phase may be 

influenced by protonation or deprotonation. In this 

study, the optimised pH was determined to be 

pH 9. This choice is attributed to the protonation 

of carboxyl groups in GO at low pH, leading to 

reduced hydrophilicity and aggregates in GO sheets. 

Conversely, at high pH, the deprotonated carboxyl 

groups exhibit high hydrophilicity, causing individual 

GO sheets to dissolve in bulk water, resembling a 

regular salt [16]. 

 

Method Validation 

 

Several criteria, including linearity, the limit of  

detection (LOD), the limit of quantification (LOQ), 

precision, and percentage recovery, were tested to 

determine the application of the proposed technique 

for assessing hydrocortisone in water samples. The 

linearity test was performed with five concentrations: 

50, 100, 200, 300, and 400 μg L-1. The calibration 

graph was created by plotting peak area (mAU/s) 

as a function of concentration under optimum 

conditions. The calculated coefficient of 

determination (R2) is 0.9882. LOD and LOQ are 

fundamental parts of method validation that 

establish an analytical technique's limits. LOD 

specifies the most minor concentration that HPLC-

DAD can determine. This study validated the strategy 

using the signal-to-noise (S/N) ratio methodology. The 

LOD in chromatography is the amount injected that 

results in a peak with a height at least three times 

greater than the baseline noise level (S/N: 3/1). In 

this investigation, the LOD for hydrocortisone was 

2.77 μg L-1. The lowest concentration of an analyte in 

a sample that can be detected with acceptable 

precision and accuracy under specified test 

circumstances is referred to as the limit of 

quantification (LOQ). The LOQ was calculated 

using the standard hydrocortisone concentration with 

a peak height ten times greater than the baseline noise 

level (S/N: 10/1). The LOQ for hydrocortisone in a 

water sample was 8.38 μg L-1. The obtained RSD for 

hydrocortisone were 3.96 for intra-day and 4.24 for 

inter-day (n = 3) at the lowest injection concentration. 

Table 1 shows the analytical parameters for the 

developed method of HYD. 

 

Application of D-µSPE on Real Sample  

 

The developed GO-D-μSPE technique was successfully 

applied to tap water samples. The tap water samples 

were obtained from the chemistry laboratory at UiTM 

Shah Alam. The water samples were spiked to achieve 

final 100 and 400 µg L-1 concentrations for relative 

recovery tests. Table 1 displays the quantitative 

outcome. The relative recovery of HYD from a spiked 

sample of 100 µg L-1 was 118.49%, with an RSD value 

of 6.22%. Meanwhile, the relative recovery of the 

same analyte at 400 µg L-1 was 98.41% with an RSD 

of 2.53%. It demonstrates that good relative recoveries 

of 70% to 120% were attained [17]. Table 2 

summarizes the relative recovery study. The findings 

indicate that dispersive micro-solid-phase extraction 

is an effective method for extracting steroids from 

aqueous matrices.

 

 

 

Figure 3. The Effect of (c) Extraction Time, and (d) Sample pH on the Extraction of HYD Using GO 

Nanosorbent. 
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Table 1. Analytical data of the D-µ-SPE-GO method for the determination of HYD in water. 

 

Linearity      

(µg L-1) 
R2 

LOD 

(µg L-1) 

LOQ 

(µg L-1) 

RSD (n = 3) 

Intra-day Inter-day 

5 - 400 0.9882 2.77 8.38 3.96 4.24 

 

 

 

Table 2. Analysis of HYD in tap water samples. 

 

Analyte 
Spiked concentration 

(µg L-1) 

Relative recovery 

(%) 
RSD (%) 

Hydrocortisone 100 118.49 6.22 

 400 98.41 2.53 

 

 

 

Table 3. Comparison of the analytical performance of the developed method with other methods for the 

determination of HYD steroid drugs using HPLC. 

 

Analyte Sorbent Retention 

time (min) 

Matrix LOD 

(µg mL-1) 

Recovery 

(%) 

Analytical 

technique 

Reference 

Glucocorticoids GO 9 - 14 River 

water 

7.5 x 10-9 – 1.6 

x 10-7 

79.6 - 119 HPLC-

MS/MS 

[18] 

Hydrocortisone, 

cortisone, 

dexamethasone, 6α-

methylprednisolone

, prednisone, 

prednisolone. 

GO 7 - 10 WWTP 

sludge 

̶ 73 - 99 UHPLC-

ESI-MS/MS 

[19] 

Hydrocortisone, 

dexamethasone, 

fluocinolone 

acetonide 

C18 4 - 8 Topical 

cream 

0.08 – 0.25 100.2 – 

102.6 

HPLC-DAD [20] 

Hydrocortisone C18 3.5 – 12.5 Topical 

cream 

9 - 12 ̶ HPLC-UV [21] 

Hydrocortisone and 

clotrimazole 

̶ 2.5 – 7.5 Topical 

cream 

11.23 – 14.39 ̶ HPLC-UV [1] 

Hydrocortisone GO 3 Tap 

water 

2.77  98 - 119 HPLC-DAD This work 

 

 

The D-µ-SPE performance using GO nanosorbent 

in extraction from water was evaluated and compared 

with other methods, considering factors such as LOD, 

recovery percentage, and retention time (refer to Table 

3). The developed method demonstrated a recovery 

percentage comparable to conventional SPE using a 

C18 cartridge and μ-SPE based on GO nanosorbent. 

The LOD for the developed method gives comparable 

value to other HPLC-UV and HPLC-DAD methods. 

However, it is essential to note that lower LOD 

values might be attributed to the sensitivity of the 

quantification instruments rather than the adsorbent's 

extraction capability. Nevertheless, the developed 

adsorbent presents notable advantages over previously 

reported methods, including rapid extraction time 

(assisted by 10 seconds of vortex) and having the 

lowest retention time, 3 minutes. 

 

CONCLUSION 

 

The sorbent used, GO, was employed in the D-μ-SPE 

technique before determining HYD in tap water. The 

appropriate quantity of GO for extraction was 20 mg, 

which was then utilised to optimise the volume of 

desorption solvent, extraction time, and sample pH to 

get the best peak area of the HYD signal. In this study, 
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the best conditions for extraction were 20 mg of GO, 

extracted for 10 seconds using vortex. The pH of the 

sample was 9, and the desorption solvent used was 

0.6 mL of MeOH. These ideal conditions were then 

used to validate linearity, LOD, LOQ, precision, and 

accuracy methods using HPLC-DAD. Linearity was 

obtained between 50 and 400 μg L-1. A good 

coefficient of determination of 0.9882 was obtained. 

The LOD and LOQ values were 2.77 μg L-1 and 8.38 

μg L-1, respectively. The optimised and validation step 

was used to test the amount of HYD in a tap water 

sample. The sample was spiked with HYD standard 

solution at 100 and 400 μg L-1. The relative recovery 

was calculated within the range of 98 - 120%. 

The GO sorbent demonstrated high selectivity for 

HYD. Implementing the GO-D-μ-SPE method in 

actual samples exhibits a simple, sensitive, selective, 

and environmentally friendly extraction approach 

with a high possibility of being employed for regular 

water sample analysis. 
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