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INTRODUCTION

Eff luents from pharmaceuticals industry 
wastewater are considered one of the most serious 
sources of pollution in the environment. The rhythm 
of the modern lifestyle has made non-steroidal anti-
inflammatory drugs inevitable and they are relatively 
abundant even in public stores and markets led their 
generics to the vanguard of the pharmaceutical industry. 
Therefore, the presence of these drugs in the industrial 
wastewater can prove a profound industrial leakage into 
the surrounding environment, that could seriously alter 
the ecosystem (Lindner, Umezawa 2008). Acute and 

chronic damages caused by the long term exposure of 
lower concentration of complex pharmaceutical mixtures 
on many organisms (Crane et al., 2006; Quinn et al., 
2008) changes in the behavior (Gaworecki, Klaine 2008; 
Stanley et al., 2007), accumulation in tissues (Brooks 
et al., 2003), reproductive damage (Nentwig 2007) and 
cell proliferation inhibition (Pomati et al., 2006). A 2014 
report by UK Water Industry Research found that in most 
of 160 sewage treatment works studied, several common 
drugs were present in the final effluent in concentrations 
high enough to potentially affect ecosystems. The drugs 
included anti-inflammatories ibuprofen and diclofenac 
(Weber et al., 2014). Diclofenac exposure in concentration 
ranges commonly found in the environment has been 
reported to cause adverse effects to brown trout, affecting 
kidney as well as selected immune parameters (Hoeger 
et al., 2005). Diclofenac has proved to be highly toxic 
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for vultures, fish rainbow, and cattle’s (Kreisberg, 
2005). Additional side effects of diclofenac have been 
observed in humans in the liver with degenerative and 
inflammatory alterations, in the lower gastrointestinal 
tract, and the esophagus. 

Ibuprofen inhibited the growth of duckweed, L. 
minor after 7 days of exposure at all concentrations 
tested. The strongest effect was observed at 1000 µg/L 
where a 25% reduction over the control was observed 
(Pomati et al., 2004).

DCF, IBP, and IND have been detected in the 
samples collected at the Guarapiranga dam in December 
2012. which is used as a source for drinking water after 
treatment at concentrations (28.73 - 30.25 ng/L), (166.70 
- 244.73 ng/L), and (36.77 - 47.56 ng/L) respectively 
(Castello et al., 2018).

PCM, DCF, IBP have been detected in the samples 
collected from 238 sites from all over France at 
concentrations reached 443 ng/ L, 16 ng/ L, and 19 ng/ 
L respectively(Bouissou-Schurtz et al., 2014)

Paracetamol (PCM) is N-(4-hydroxyphenyl)acetamide, 
diclofenac sodium (DCF) is [O-(2, 6-dichlorophenyl)-
amino-phenyl] acetate, ibuprofen (IBP) is (RS)-2-(4-(2- 
Methylpropyl) phenyl) propanoic acid and indomethacin 
(IND) is 2-{1-[(4-Chlorophenyl)carbonyl]-5-methoxy-2-
methyl-1H-indol-3-yl}acetic acid. They are the most familiar 
NSAIDs that act by the inhibition of cyclooxygenase 
enzyme which leads to the anti-inflammatory, analgesic, and 
antipyretic pharmacological effects. They are commonly 
formulated in different dosage forms either as single or 
multi-component preparations with other ingredients, 
Figure 1 (Sweetman, 2014; Moffat et al., 2011).

Literature survey revealed different methods for 
the determination of the mentioned drugs either in 
single component preparations or in combination with 
other ingredients by employing different analytical 
techniques, that included spectrophotometric (Fadhil 
Ali et al., 2015; Mathew et al., 2013; Matin et al., 2005; 
Pavan Kumar et al., 2012) chromatographic (Alsirawan 
et al., 2013; Devi et al., 2013; Farid, Abdelaleem 2016; 
Nakov et al., 2015; Panusa et al., 2007; Szeitz et al., 
2010; Vemula, Sharma, 2014; Yilmaz, Ciltas, 2015; Zhao 
et al., 2006), chemiluminescence (Mervartová et al., 
2007), colorimetric (Olajire et al., 2006), electrochemical 
methods of analysis (Santini et al., 2006; Swaroopa 
Rani, 2015); however, neither of the mentioned methods 
discussed the simultaneous determination of the four 
drugs in pharmaceutical wastewater.

Detection and monitoring of the studied drugs 
in pharmaceutical industrial wastewater is critical, as 
it affects health even if present at trace levels in the 
environmental wastewater.

Before applying the techniques, removal of the 
matrix effect and pre-concentration of the target 
analytes should be carried out by sample preparation 
and extraction. (Ibrahim et al., 2017; Şahin et al., 2007; 
Vera-Candioti et al., 2008)

The current work aims to develop sensitive and 
selective chromatographic methods for simultaneous 
determination of PCM, DCF, IBP, and IND in industrial 
wastewater and laboratory prepared mixtures containing 
the mentioned drugs. The actual wastewater samples were 
subjected to SPE for pretreatment prior to the application 
of chromatographic techniques 
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FIGURE 1 - Chemical structure of (a) PCM, (b) DCF, (c) IBP and (d) IND.

EXPERIMENTAL

Instruments

The SPE experiment was carried out using Oasis 
HLB (200 mg, 6ml) (Agilent Technologies, USA).

HPLC method was carried out using Agilent 
chromatograph 1100 series equipped with a quaternary 
pump (G1311A), a 20 μL loop injector, and a variable 
wavelength UV-visible detector (G1314A). Data 
acquisition was performed using Agilent Chemstation 
software (version 2.21).

TLC automatic sample applicator equipped with 
100 μL syringe (Camag Linomat 5, Switzerland) and a 
TLC scanner 3 (Camag, Switzerland) was employed for 
preparation and measurement of TLC plates respectively. 
A UV lamp was used for the visualization of TLC plates.

Chemicals and reagents

Standard PCM, DCF, IBP, and IND materials 
were kindly supplied by an Egyptian international 

pharmaceutical industrial company (E.I.P.CO,10th 
of Ramadan City-Industrial Area -Egypt) and their 
percentage purity was found to be 99.92±0.37%, 
99.82±0.54%, 99.92±0.37%, and 99.50±0.58%, 
respectively, according to official British pharmacopeia 
methods (The British Pharmacopoeia Commission 
Secretariat of the Medicines and Healthcare Products 
RegulatoryAgency(MHRA) 2015).

Potassium dihydrogen orthophosphate, sulphuric 
acid, and orthophosphoric acid were purchased from 
ADWIC (Egypt). Ethyl acetate, acetic acid methanol, 
and acetonitrile were purchased from Sigma-Aldrich 
(Germany). N-Hexane was purchased from El-Nasr 
Pharmaceutical Chemicals Co., Abu-Zaabal, Cairo-
Egypt, and distilled water was obtained from Aquatron 
Automatic Water Still (A4000D, UK). All reagents used 
were of pure analytical grade. 

Phosphate buffer pH 3 was prepared by dissolving 
34 g of Potassium dihydrogen orthophosphate in 
250 mL distilled water, pH was adjusted using 
orthophosphoric acid.
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TLC aluminum plates (20×10 cm) precoated with 
silica gel 60 F254 were obtained from Merck, Germany.

Sampling and sample preparation 

Standard solutions

Stock standard solutions of concentration 1 
mg/mL of each drug were prepared in methanol.

Working standard solutions of concentration 100 
µg/mL of each drug were prepared in methanol from 
the stock standard solution by transferring 5 mL of stock 
standard solutions to 50-ml measuring flasks separately 
and completed to the mark with methanol. The prepared 
mixtures were extracted by the proposed SPE before 
injection to HPLC and TLC.

Laboratory prepared mixtures

Nine laboratories prepared mixtures containing 
different amounts of PCM, DCF, IBU and IND were 
prepared by transferring aliquots of stock standard 
solutions 1 mg/mL of each drug into 25-mL measuring 
flasks and the volumes were completed to the mark with 
tap water then the prepared mixtures were analyzed using 
the proposed methods after SPE.

Sample collection and storage 

Wastewater samples were collected from 
pharmaceutical industries and filtered using a Whatman 
filter paper Grade 42 then a 0.45 µm nylon membrane 
filter (Sigma Aldrich) to eliminate fine particulate matter, 
then the samples were placed in amber glass bottles and 
refrigerated at 4ºC to avoid any deterioration (Turiel et 
al., 2005) until SPE

SPE procedure

SPE was carried out using Oasis HLB cartridge 
tested at pH 7.0. Initially, the SPE sorbent was pre-

conditioned with 6 mL methanol and 5 mL deionized 
water (HPLC-grade). 

Application of SPE to wastewater samples

Aliquots of 100 ml of the samples (pH adjusted to 
7.0 with H2SO4 2 N) were loaded onto the cartridge. Then 
the cartridge was washed using 5 ml water to remove any 
unbound substances and reduce interference. Finally, 
retained drugs were eluted from the cartridge with 10 
ml MeOH at 1 mL/min, (Gómez et al., 2006).

To determine extraction recoveries, concentrations 
of the spiked wastewater matrices before and after 
extraction with the analytes at a concentration of 1 μL/
ml were compared. 

In the case of HPLC, The obtained extracts were 
diluted 1:4 with methanol and the obtained solutions were 
analyzed, but in the case of TLC, the obtained extracts 
were analyzed directly without dilution.

HPLC method

Analysis conditions

Following SPE, 20 μL of the samples were subjected to 
HPLC analysis, Chromatographic separation was performed 
using BDS Hypersil Cyano column (250 x 4.6 mm, 5 μm) 
maintained at 60ºC. The flow rate was kept at 1 mL/min and 
gradient elution of the mobile phase consisting of phosphate 
buffer pH 3.0 acetonitrile was carried out. The ratio was 
kept at 96:4, v/v till 7 min, then the ratio was gradually 
changed to 68:32, v/v till 10 minutes; then, held until 20 
minutes, UV detection was performed at 220.0 nm.

Method validation

Aliquots of working standard solutions of each 
drug were separately transferred to 10 mL measuring 
flasks and the volume was completed to the mark using 
methanol to cover the concentration range 0.25-10.00 μg/
mL. Calibration curves were constructed and regression 
equations were computed (Kidd, 1996).
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TLC method

Analysis conditions

Suitable aliquots eluted from SPE were applied to the 
TLC plates. Chromatographic separation was performed 
on TLC aluminum plates (20 ×10 cm) precoated with 
silica gel 60 F254. Camag Linomat 5 applicator was 
used for the application of samples of drugs. Bands were 
applied at 5 mm intervals and 15 mm from the bottom 
and sides. The chromatographic chamber was saturated 
with the mobile phase for one hour and the plate was 
developed by ascending technique using n-Hexane: 
ethyl acetate: acetic acid (6:3.5:0.5) as a mobile phase 
to a distance of about 8 cm. The plate was dried in air 
at room temperature, detected under a UV lamp, and 
scanned at 254.0 nm.

Method validation

Different aliquots from working standard solution 
of PCM, DCF, and IND (100 μg/mL) and from stock 
standard solutions of IBP (1 mg/mL), were transferred 
into a series of 10 mL volumetric flasks, and completed 
to the mark with methanol to cover the range of 0.10-
0.90 μg/band for PCM, DCF and IND and 1.00-9.00 μg/
band for IBP. Calibration curves were constructed and 
regression equations were computed

RESULTS AND DISCUSSION

The current work aimed to develop sensitive and 
selective methods for the simultaneous determination 
of the residues of four commonly used NSAIDs in 
industrial wastewater and laboratory prepared mixtures 
containing the mentioned drugs. The four mentioned 
drugs exhibit chemical similarity which can be noticed 
in their overlapped spectral data, so it was inapplicable 
using the usual spectrophotometric method, Figure 2. 

FIGURE 2 - Absorption spectra for PCM (. .), DCF (….), IBU (        ) and IND (----) measured in methanol.
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For the HPLC method

For simultaneous elution of PCM, DCF, IBP, and 
IND peaks, acetonitrile and phosphate buffer where 
tried in different ratios using gradient elution to reach 
the optimum chromatographic conditions, the optimum 
composition of the mobile phase was set as phosphate 

buffer pH 3.0: acetonitrile with a ratio kept at 96:4, v/v 
till 7 min, then the ratio was gradually changed to 68: 
32, v/v till 10 minutes; then, held till 20 minutes, with a 
flow rate of 1 mL/min and the detection was carried out 
at 220.0 nm The retention times were found to be 3.3, 
14.4, 14.9 and 15.5 minutes for PCM, IND, DCF, and 
IBP, respectively, Figure 3.

FIGURE 3 - HPLC chromatogram of (a) PCM, (b) IND, (c) DCF and (d) IBP, using the specified chromatographic conditions.

System suitability parameters were calculated, as the 
resolution, selectivity factors, tailing, column efficiency 
(as no. of theoretical plates), and capacity factors. The 
results obtained were shown in Table I.

Representative chromatograms of pharmaceutical 
wastewater samples diluted 1:4 after SPE and those spiked 
with 1 µg/ml, are shown in Figure 4, 5.
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FIGURE 4 - HPLC chromatogram of the sample (1) without (b) with spiking with the analytes using the specified chromatographic 
conditions.

FIGURE 5 - HPLC chromatogram of the sample (2) without (b) with spiking with the analytes using the specified chromatographic 
conditions.
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For TLC method

TLC densitometric technique is suggested for the 
simultaneous determination of PCM, IBP, DCF, and IND 
in pure samples and wastewater from pharmaceutical 
industries. The method is based on the difference in Rf 

values of each drug from the other studied drugs. The 
satisfactory separation was obtained by using n-Hexane: 
ethyl acetate: acetic acid (6:3.5:0.5, by volumes) as a 
developing system. The Rf values were 0.18, 0.56, 0.69 
and 0.44 for PCM, DCF, IBP and IND respectively. The 
TLC separation is presented in Figure 6.

FIGURE 6 - Typical TLC chromatogram of (a) PCM, (b) IND, (c) DCF and (d) IBP.

System suitability parameters were calculated, 
as the resolution, selectivity factors, tailing, column 
efficiency (as no. of theoretical plates), and capacity 
factors (Rockville, 2015; Spangenberg et al., 2010). The 
results obtained were shown in Table I.

The validity of the proposed methods

The mixtures of PCM, DCF, IBP, and IND with 
different composition ratios were analyzed to perform 
recovery studies which indicate the validity and 
applicability of the proposed HPLC and TLC methods. 
The characteristic parameters and necessary statistical 
data of the regression equation, the limit of detection 
(LOD), specificity, precision, and accuracy data for HPLC 
and TLC techniques are collected in Table I.
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TABLE II - Results of assay validation of the proposed, HPLC, and TLC methods.

Parameter
HPLC TLC

PCM DCF IBP IND PCM DCF IBP IND

Slope* 103.4 218.4 425.7 219.9 5963 8420 1971 9683

Intercept 9.856 24.02 45.01 27.43 819.6 673.8 1401 -837.5

Range** 0.25–15 0.2–15 0.25–15 0.25–15 0.1-0.9 0.1-0.9 1.0-9.0 0.1-0.9

Correlation coefficient (r) 0.999 0.999 0.999 0.999 0.999 0.998 0.999 0.999

TABLE I - Parameters required for system suitability test of the proposed HPLC and TLC methods

HPLC TLC
Reference Value

PCM DCF IBP IND PCM DCF IBP IND

Resolution (R)* - 4.58 5.83 136.76 - 1.26 1.30 3.00 R > 1.25

Tailing Factor (T) 0.99 0.95 0.98 0.96 - - - - T=1 for a typical 
symmetric peak

Capacity factor (k)** 0.68 6.52 6.81 6.31 0.18 0.56 0.69 0.44
1-10 acceptable 

for HPLC
0-1 acceptable for TLC

Selectivity (α) *** - 1.03 1.04 9.34 - 3.11 3.83 2.44 > 1

Column efficiency 
(N)**** 36097.19 416734.69 356003.92 384909.88 - - - -

Increases with 
efficiency of the 

separation

Height Equivalent 
to theoretical 
Plates (HETP)

6.93×10-4 6.00×10-5 7.02×10-5 6.50×10-5 - - - -
The smaller the 

value, the higher the 
column efficiency

Symmetry Factor 1.00 0.95 0.98 1.00

* Resolution R= 2 (tR2 – tR1)
(w1 + w2)

 where tR2, tR1 retention time of two adjacent peaks and w1, w2 width of these peaks (for HPLC) taking PCM as a reference.
R = 2(ZS2 – ZS1)/ (W1 + W2) Where ZS2 and ZS1 are the quotients from the difference between the two maximum signals; and W2 and W1 are 
the arithmetic mean of their peak widths at the base. (for TLC) taking PCM as a reference.

** Capacity Factor k= (tR – t0)
t0

 where tR retention time of the substance and t0 is the retention time of the highly retained substance for HPLC  
distance travelled by the substance in the stationaty phase

distanve travelled by the solvent in the mobile phasek =  for TLC

*** Selectivity (α)= K2/k1 where k retention factor (Capacity Factor)

**** Column efficiency (number of theoretical plates) N= 16 [     ]2tR

w  where tR retention time of the substance and w width of its peak

A comparison was done between the results obtained 
by the proposed methods (HPLC and TLC) for the 
determination of the selected drugs in pure form and 
those obtained by the official BP methods. The calculated 

t and F values were less than the critical t and F values 
which indicated that no significant difference between 
the applied methods and official methods. The results 
obtained were shown in Table II.

(continues on the next page...)
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On the other hand, another statistical comparison of 
the results using the proposed methods was done using 
One way Repeated ANOVA analysis to compare the 

concentration of the studied drugs in the nine laboratory 
prepared mixtures, as shown in Table III. There was no 
significant difference at α = 0.05 Table IV.

Parameter
HPLC TLC

PCM DCF IBP IND PCM DCF IBP IND

Specificity
(mean±SD) 99.54± 0.84 99.34± 0.64 99.26± 1.36 99.96± 1.37 99.56± 0.55 100.33± 1.93 99.53± 1.36 99.05± 0.45

Accuracy
(mean±SD) 100.02± 0.86 99.77± 0.99 99.77± 1.09 99.58± 0.61 99.67± 1.72 99.76± 1.78 99.73± 0.83 99.2± 1.62

Precision
(% RSD)***

Intraday **** 0.19 0.41 0.13 0.14 0.30 0.13 0.86 0.20

Interday***** 1.01 0.75 0.42 0.13 1.01 0.51 0.54 0.95

LOD* (μg/mL) 6.38×10-3 1.51×10-3 1.18×10-3 2.29×10-3 3×10-4 7.58×10-4 2.2×10-3 4×10-4

LOQ* (μg/mL) 1.93×10-2 4.57×10-3 3.58×10-3 6.94×10-3 9.2×10-4 2.29×10-3 6.9×10-3 1.22×10-3

* Average results of three determinations
** Concentration calculated as μg/mL for HPLC method and μg/band for the TLC method. 
*** Percent relative standard deviation
**** The intraday (n = 3), RSD of three concentrations (0.5, 1, 5 μg/mL) for all the four drugs repeated three times within the day.

***** The interday (n = 3), RSD of three concentrations (0.5, 1, 5 μg/mL) for all the four drugs repeated three times in three successive days.

TABLE III - Statistical treatment of the results obtained by the suggested HPLC and TLC methods in comparison with the 
different methods in pure form.

Item Official method* HPLC TLC

 PCM DCF IBP IND PCM DCF IBP IND PCM DCF IBP IND

Mean 99.92 99.92 99.82 99.5 99.54 99.34 99.26 99.96 99.56 99.53 100.33 99.05

SD 0.37 0.37 0.54 0.58 0.84 0.64 1.36 1.37 0.55 1.36 1.93 0.45

Variance 0.14 0.14 0.29 0.34 0.7 0.41 1.86 1.87 0.3 1.84 3.72 0.2

N 5 5 5 5 5 5 5 5 5 5 5 5

Student’s t-test (2.306)** - - - - 0.93 1.75 0.85 0.69 1.22 0.62 0.57 1.37

F value (6.3882)** - - - - 5.11 2.99 6.38 5.56 2.19 13.44 12.76 1.68

*Official BP methods were titration method for PCM, IBP, IND and potentiometric titration method for DCF
**Student’s t-test and F values represent the corresponding tabulated values of t and F at P=0.05.
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APPLICATION

The chromatographic methods were successfully 
applied for the determination of real wastewater samples 
from pharmaceutical industries containing the studied 
drugs after pretreated by SPE-technique. The proposed 

methods were suitable for the determination of the 
concentration of the studied drugs except for the TLC 
technique in case of determination of IBP which was only 
suitable for high concentrations of IBP due to the high 
limit of determination, as shown in Table V.

TABLE IV - One way Repeated ANOVA statistical analysis of the results obtained by applying the proposed method for the 
determination of PCM, DCF, IBP, and IND within 95% confidence limit.

Results of One Way Repeated Anova Comparison Between Techniques*

Source of variation  Sum of 
Squares df Mean 

Square F Sig. (I) 
Techniques

(J) 
Techniques

Mean 
Difference 

(I-J)
Sig.a

PCM

 Between 
Techniques 16.06 1.00 16.06 2.28 0.17

1.00 2.00 -1.89 0.17
Error(Between 

Samples 418.00 8.00 52.25  

DCF

 Between 
Techniques 1.39 1.00 1.39 0.43 0.53

1.00 2.00 0.56 0.53
Error(Between 

Samples 179.44 8.00 22.43  

IBP**

 Between 
Techniques - - - - -

- - - -
Error(Between 

Samples - - -  

IND

 Between 
Techniques 18.00 1.00 18.00 3.27 0.11

1.00 2.00 -2.00 0.11
Error(Between 

Samples 1037.78 8.00 129.72   

*1=HPLC, 2=TLC

TABLE V - Determination of PCM, DCF, IBP, and IND in wastewater samples from pharmaceutical industries by the proposed 
HPLC and TLC methods.

HPLC TLC

PCM DCF IBP IND PCM DCF IBP IND

Sample1 3.9  - - 1.5 3.64 -  - 1.73

Sample2 - 3.4 2.9 - - 3.1  - - 
(continues on the next page...)
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HPLC TLC

PCM DCF IBP IND PCM DCF IBP IND

Sample3 2.8 3.1 - - 2.75 3.3  - - 

Sample4 3.5 - 1.25  - 3.8  -  -  -

Sample5 -  -  - 1.4  -  -  - 1.65

* Concentration calculated as μg/mL for HPLC and TLC method.V

CONCLUSION

The novelty of this work lies in HPLC and TLC 
methods for the direct, simple, and sensitive simultaneous 
quantification of PCM, DCF, IBP, and IND in different 
samples, especially in industrial wastewater and in the 
case of complex mixtures, with sample pretreatment for 
cleanup and/or pre-concentration. This constitutes a major 
advantage for the proposed techniques as it ensures the 
sensitivity and suitability of the proposed techniques for 
environmental analysis. Also, cross-validation between 
the proposed methods was carried out, where the perfect 
agreement between the results of chromatographic assays 
proved by the results obtained from One way Repeated 
ANOVA analysis which indicated that no significant 
difference between the applied methods. 

Also, validation of the proposed methods was 
carried out, where good agreement between the results of 
these methods and official methods proved by obtaining 
results indicated that no significant difference between 
the applied methods.

HPLC method has the advantage of high sensitivity, 
wide working concentration ranges, and lower limits 
of detection but the TLC technique is simpler and 
less expensive.TLC technique was not recommended 
for the determination of IBP due to its high limit of 
determination. The proposed methods are rapid, selective, 
and characterized by their good recoveries and have 
crucial importance in monitoring the environmental 
pollution with the studied non-steroidal anti-inflammatory 
drug residues, where the presence of these substances in 
the environment could alter the ecosystem seriously.

Efforts have been done for the evaluation and 
reduction of pharmaceutical contamination of the 

environment. Nevertheless, only preliminary measures 
aimed at protecting the environment from the adverse 
effects of pharmaceutical pollutants are in place. These 
measures must be supplemented by integrated programs. 
Projects should facilitate identification, prioritization, 
and evaluation of human health and environmental risk; 
close the gap in knowledge on the environmental behavior 
of pharmaceuticals; improve the scientific basis of 
regulatory decision; harmonization of the water protection 
legislation. There is also a need for more screening actions 
regarding the prevention of an uncontrolled discharge of 
pharmaceuticals in the environment.
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