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 Background: Endocrine disruptive chemicals (EDCs) is defined as chemical 

compounds in which naturally or synthetically occurring in environment that can cause 

endocrine disruption.  Recent occurrence of EDCs is emerging environmental issue that 

arising in global public concerns.  17ɑ-ethinylestradiol (EE2) is one of the synthetic 
compounds that recognised as EDCs.  Its stability and persistent molecular structure can 

lead to longer half-life, which indicating that the low degradable rate in natural 

environment. Thus, this research was important to conduct as this compound may alter 
the environmental health especially for aquatic life. Objective: The research objectives 

were (a) to determine and quantify synthetic estrogens (17ɑ-ethinylestradiol); and (b) to 

investigate the influences of present selective water quality analysis (WQA) on the 
occurrence and concentration of EE2.   Results:The range of the EE2 occurrence were 

<LOD- 30.89 ng/L. The highest concentration of EE2 occurred in Taipan area, Inanam, 

meanwhile most of the stations showed < LOD occurrence of EE2.  Through the 
correlation statistical analysis, turbidity (r=0.975, P=0.0052), TSS (r=0.794, P=0.0545), 

BOD (r=0.801, P=0.052), AN (r=0.753, P=0.071) and DO (r=-0.917, P=0.014) are the 

main contributors and the most influencing criteria on EE2 occurrence. 
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INTRODUCTION 

 

Malaysia has an abundant rainfall and an extensive river system as national water resource.  Recently the 

demand for water has increased due to the rapid growth of population and improvement in the standard of 

living.  The rapid growth of economic development and lacks of environmental consciousness cause water 

supply and sanitation in Malaysia facing challenges.  In 2010, 1055 water quality-monitoring stations located on 

570 rivers were monitored.  Out of these 1055 monitoring studies, 50% were found to be clean, 40% slightly 

polluted and 10% polluted[1]. Generally, in Malaysia, the National Water Quality Index (NWQI) is used to 

determine the classification of the river quality. However, nowadays, the occurrence of newly emerging 

chemical pollutants, in which later defined as endocrine disrupting compounds (EDC) is rising public concerns.  

Endocrine disruptive chemical (EDC) is a chemical that can cause the disruption of the functioning of the 

endocrine system in term of mimicking, inhibiting, promoting, and other action, after it is absorbed by the body 

in small-scale quantity and low concentration [2-4]. Some of the chemicals that commonly found such as 

estrogens (natural and synthetic steroidal compounds), DDT (pesticide), bisphenol-A (plasticisers), 

carbamazepine (pharmaceutical), and others are categorized as EDCs. Inanam River, Rampatan River, and Likas 

River are the main river systems in the Northern part region of Kota Kinabalu, Sabah, Malaysia. They are 

important for surrounding residents as a source of drinking water, daily uses, and tourism attraction.  However, 

studies showed that he rapid development of economic activities along these rivers has highly contributed to 

water quality degradation. According to Speldewinde[5], Inanam River was found to be class IV.  This has 

contributed to the raising of awareness of drinking water quality of the rivers by surrounding residents[6], 

especially for newly occurrence of emerging pollutant that can alter endocrine system.  

17α-ethinylestradiol (EE2, CAS Number: 57-63-6) is a synthetic estrogen compound.  Its IUPAC name is 

19-nor-17α-pregna-1,3,5(10)-trien-20-yne-3,17-diol, with a molecular structure of C20H24O2 (MW= 296.403).  

The water solubility of EE2 is 4.8 mg/L at 25°C and the vapour pressure is 4.50 × 10-
11

 mm Hg[7].  EE2 is 
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widely used in medical and pharmaceutical field.  It is an orally bioactive endogenous hormone.  Compared to 

natural estrogen’ s function as promoter to enhance the HDL cholesterol production in blood[8], EE2 works 

efficiently in various types of therapeutic medical purposes such formulations of combined oral contraceptive 

pills and hormone replacement therapy via various routes of administration like ingestion, inhalation, and 

transdermal[9]. Therefore, the potential exposures include working environment of EE2 manufacturing for 

industrial and PPCP uses, grinding of raw materials, and compounds airborne particles on skins[10].  Therefore, 

it would be a potential source of negative consequences and impacts on aquatic and natural environment. 

Since most of monitoring studies that conducted in Malaysia focused on the water quality analysis, less 

contribution of research specifically in the emerging pollutants or EDCs study, especially the study of steroidal 

compounds and hormones in the water. Thus, some questions arose. Are there any occurrence of synthetic 

steroidal compounds and hormones as emerging pollutants along these rivers?  Are there any influences from 

the present water quality analysis (WQA) of these rivers reflecting on the occurrence and concentration of the 

compounds within the river? Therefore, this research was conducted with purposes of (a) to quantify 17ɑ-

ethinylestradiol (EE2); and (b) to study the relationship between current water quality criteria and EE2 

occurrence.  This research was important, as EE2 is a synthetic estrogen that has longer half-life compared to 

natural estrogens.  Due to its high stability molecular structure, its residual time in water is longer than other 

natural steroidal hormones.  Furthermore, it is a phenolic organic compound that very sensitive to the changes of 

environment.  The occurrence and concentration may change due to the present environmental condition and 

factor.  Thus, this study was also important to study the influences of selective WQA parameters of the rivers on 

the compound occurrence. 

 

2.0 Methodology: 

2.1 Study site: 

Inanam River (6°0'5.04"N, 116°7'12.37"E), Rampatan River (6°2'6.36"N, 116°8'54.95"E), and Likas River 

(6°0'46.44"N, 116°6'47.87"E) are  streams in Northern part region of Sabah, Malaysia.  Rampatan River and 

Likas River are selected, as these rivers are joint with Inanam River and share the same output exit.Recently 

rapid growth of economic development in this area indicates that the presence of potential environmental 

degradation level along these rivers like (i) presence and occurrence of emerging compounds in river; and (ii) 

lack of proper wastewater treatment plant before water is discharged into rivers.  This has become public 

concern in Kota Kinabalu.  Thus, the study was conducted along these rivers, and the rivers were divided into 

eleven stations. 

 

2.2 Materials and chemical reagent: 

Target compound, 17ɑ-ethinylestradiol (VERTANAL analytical grade) was purchased from Sigma-Adrich, 

USA.  The solvents used include methanol (GLC pesticide residue grade) was purchased from Fisher Scientific 

and acetonitrile (LiChrosolv® Reag. PhEur) was purchased from Merck, Millipore. HPLC-grade water, which 

purchased from Fisher Scientific, was used as mobile phase of HPLC analysis.  Sulphuric acid (analytical grade) 

purchased from J. Baker Analytics and QRëC was used for most of the chemical analysis and preparation. 

 

2.3 Pre-cleaning process and sampling: 

Amber glassware were used to prevent photo-biodegradation of the analysts. After that, the glassware were 

rinsed with methanol and deionised water before they were left to dry.  The syringes and other apparatus that 

used for analyst extraction and analysis were also soaked in sulphuric acid solution. These apparatus were rinsed 

with methanol for few times, before and after used. All amber glassware were washed with detergents and 

soaked in sulphuric acid for at least four hours. This is purposed for ensuring free-heavy metal condition.  After 

that, the glassware were rinsed with Milli-Q water and methanol[11, 12]. Finally, the glassware were left for 

drying before used. For other glassware and bottle that were mainly used for water quality analysis, they were 

washed with detergents and soaked in sulphuric acid for at least four hours.  Then, they were rinsed with Milli-Q 

water.  Finally, they were left for drying before used. 

The water sampling was conducted using Van Dorn water sampler with 20-30 cm depth from surface water.  

For all site, four liters of river water sample will be collected (three liters for 17ɑ-Ethinylestradiol analysis and 

one liter for water quality parameter) in the pre-cleaned amber glassware. Three liters collected from each 

station for EE2 analysis were treated with 5 mL methanol and 5 mL sulphuric acid. This is purposed for 

microbial removal and sample preservation[13]. After that, the samples collected were sealed, stored, and 

refrigerated at 0-4°C until the extraction process. All samples were extracted within 14 days of collection and all 

extracts were analyzed within 40 days of extraction. The water sample was analyzed for some water quality 

criteria including dissolved oxygen, pH, temperature, turbidity, suspended solid, current flow rate, biochemical 

oxygen demand (BOD) and chemical oxygen demand (COD).   
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2.4 Sample preparation: Solid phase extraction: 

The water samples were filtered filtration apparatus accompanied with 0.5 μm glass microfiber filter paper.  

The pH of filtrate was maintained in the range of pH 2 and pH 3 to optimize retention or elution of analysts[11, 

12]. Agilent Bond Elut LRC-C18 cartridges (500 mg, 10 mL) were firstly conditioned with 5 mL of methanol 

and 5 mL of water, at a flow rate of 4 mL/min. 1 litre of filtrate was loaded at 5 mL/min.  The cartridges were 

then washed with water and the cartridges were left for 15 minutes to dry the sorbent in presence of 

vacuum[14].  After that, the cartridges were eluted with 5 mL of methanol and left for dryness for 2 hours in 

vacuum condition.  Finally, the extracts were reconstituted and dissolved with 2 mL of methanol. 

 

2.5 Instrumental analysis: 

An Agilent Technologies 1200 series High Performance Liquid Chromatography (HPLC) system 

comprising vacuum degasser, quaternary pump, auto-sampler, thermo-stated column compartment, and VWD 

detector were used for 17ɑ-ethinylestradiol identification.  The separation was achieved with using Agilent 

Zorbax Extend C18 reversed phase column (5 µm, 150mm x 4.6 mm).  All solvents were filtered through a 0.5 

µm Advantec glass microfiber filter paper and degassed before injection into HPLC system.  The solvent of 

mobile phase are mixture of water and acetonitrile with 50:50 (v/v).  Column temperature was maintained at 

22°C-25°C (according to room temperature) and the extracts were monitored at 230 nm with a flow rate of 1 

mL/min.  The injection volume was set at 20 µL for each sample.  The total run time was set at 7 minutes. 

 

2.6 Quality control (QA), quality assurance (QC), quantification and statistical analysis: 

To ensure the validation of method, the blank solutions spiked with different concentration (0.01-100 ng/L) 

of target compound were processed in the sequence of the methods. The relative standards were run to check on 

the identification peak, retention time, quantification, linearity, and resolution of the whole process.  The 

method accuracy was calculated from the areas obtained in the analysis of the spiked samples as a percentage of 

those obtained in the analysis of a standard solution with an equivalent concentration.  Limits of detection 

(LODs) were defined as the concentration of a compound giving a signal-to-noise ratio of three.  The standard 

chromatographic curve was prepared through different known concentrations of standard solution.  1 mg/mL 

(1000 μg/mL) stock solution was prepared with dissolving 1 mg of 17ɑ-ethinylestradiol (EE2, VETRANAL 

analytical standard, Fluka, Sigma-Aldrich) in 1 mL of methanol.  Then, selected concentrations (ranged in 0.01 

to 100ng/L) were prepared via spiking the stock solution in 1.5 mL of methanol. The identification of the target 

compound was performed via comparison of both retention time and peak position from the standard solution 

calibration curve. The correlation coefficient of this analysis was more than 0.95. Finally, the readings for 

separation and detection of the targeted compounds that obtained from HPLC achieved were for quantification 

of the 17ɑ-ethinylestradiol by using a linear regression equation[15].  Microsoft Excel and SPSS were applied 

for further analysis. 

 

RESULTS AND DISCUSSION 

 

3.1 General water quality: 

Water quality of Inanam River was highly influenced due to the drought season.  Dissolved oxygen level 

was sharply degraded across the station from 8.14 mg/L to 0.20 mg/L as shown in Figure 4.1.  However, the DO 

concentration in Station 8 and Station 9 increased to 0.91 mg/L and 1.75 mg/L due to the seawater flow into the 

estuary region.  This eventually increased the capability of oxygen dissolved into estuary water.  Compared to 

DO, BOD and COD of the rivers had significantly increased due to the high temperature of surface water.  The 

BOD increased from 3.03 mg/L to 7.85 mg/L, meanwhile COD increased from 2.00 mg/L to 61.67 mg/L. 

However, due to the high chloride concentration present in Station 8 and Station 9, COD analysis is unable to be 

detected.  The pH water was continually degraded to more acidic (from Station 1 to station 6), however there are 

presence of abnormal increasing pH value in station 7.  The effluent from industries like food and beverage 

industries, metal processing industries, automobile industries, plastic manufacturing, and others that surrounded 

in Station 7 may contain of high concentration of alkali.  For example, effluent from beverage and soft drink 

industries contains of high alkality compounds is one of contributors of pH increasing [16].  The temperature of 

water was significantly increasing due to the drought season of Sabah.  This eventually highly increased the 

potential degradation of organic compounds through chemically and biochemically.  The presence of AN acts as 

nutrient for certain microbes to decompose organic compounds. This would also increase the turbidity value and 

total suspended solid concentration across the stations [17]. Overall, the water quality of Inanam River has 

significantly degraded.   
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Table 1: List and data of water quality criteria analysis of Inanam River 

 
 

3.2 Quantification analysis: 

The performance of method was evaluated through the assay validation method, as shown in Fig. 1.  

Overall, the accuracy of the method can achieve 157.6 % with the R
2
=0.9978.  The retention time of EE2 was 

about 1.2 minutes.  The limit of detection for this method was 2.048 ng/L. 

 

 
Fig. 1: Linearity (y = 1.4183x + 51.1) and regression (R

2
=0.9978) was performed through the peak area 

proportional to the spiked concentration of blank solutions. 

 

3.3 Occurrence of EE2: 

The occurrence and distribution of target compound, 17ɑ-ethinylestradiol (EE2) was detected and tabulated 

in Table 2.  The highest quantification of EE2 was detected in Taipan town, Inanamwith 30.89 ng/L.Taipan is a 

commercial area and surrounded with residential housing.  Most of effluent that eliminated into river may 

contain of EE2.  Therefore, the occurrence was found to be the highest concentration compared to other stations. 

 
Table 2: Observation of EE2 occurrence in 11 stations. 

EE2

1 Kiansom waterfall 2.70 ng/L

2 Mari-mari cultural village < LOQ ng/L

3 Kiansom village 3.70 ng/L

4 Tatahan village 5.99 ng/L

5 Taipan, Inanam 30.89 ng/L

6 Kelombong < LOD ng/L

7 Jalan Tuaran, Inanam n.d. ng/L

8 Gusong village n.d. ng/L

9 Likas bridge 20.45 ng/L

10 Kingfisher wastewater  plant (effluent) n.d. ng/L

11 Warisan village < LOD ng/L

Average 12.28 ± 10.41 ng/L

Station

 
 

3.4 Correlation between water quality parameters and EE2 occurrence: 

Quantification of EE2 increased significantly against the depletion of dissolve oxygen level (r= -0.917, p = 

0.028).  COD analysis was shown less significant (r=0.723, p=0.139.) compared to BOD analysis (r=0.801, 

p=0.139).  EE2 contains a phenolic functional group, which is susceptible to chemically and biologically 
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degradation.  These can indicate that EE2 undergoes chemical reactions like sorption, photochemical oxidation 

[18-20] and biodegradation [21-23] during degradation.  Besides, since EE2 is eliminated from body via 

excretion, thus the occurrence of EE2 was shown significantly related with AN occurrence.  Certain bacteria 

stains like nitrifying bacteria like Nitrosomonas[22], Rhodococcusequi[23] and B. subtilis[21] may present in 

water bodies and degrade EE2 compounds. 

 
Table 3: Study of relationship and significance of water quality status that influence EE2 occurrence. 

 Pearson correlation 

co-efficient  ( r ) 

Significance (p)value*  

DO -0.917 0.014 

pH -0.201 0.373 

Temperature 0.093 0.441 

A.N. 0.753 0.071 

Turbidity 0.975 0.0025 

S.S 0.794 0.0545 

BOD 0.801 0.052 

COD 0.723 0.1385 

*Correlation is significant at the 0.1 level 
 

The person correlation analysis showed that the turbidity and total suspended solid (TSS) had significantly 

correlated with EE2 occurrence (r=0.975, P=0.025 and r=0.794, P=0.0054) compared to DO.  This had proven 

with high EE2 concentration had detected with the presence of high turbidity in Station 5 and 9.  The high turbid 

water increases the residual time of EE2 in water.  The larges particle sizes of suspended solid on the surface of 

water can prevent the penetrating of light directly to the water body[24].  This can reduce the efficiency of photo 

degradation process of EE2[17].  Still, some of the area shows a too low concentration of EE2 and these may 

due to less sources of EE2 in that Station  (Warisan Village).  Moreover, the mangrove swamp in that area may 

have a role in reducing the concentration as the mangrove itself is a natural pollutant filter in ecological system.  

Therefore, EE2 may be trapped in mangrove sediment as suggested by Froehneret al. [25]. 

 

Conclusion: 

Through all the sampling and analysis, the occurrence and quantification of 17ɑ-ethinylestradiol (EE2) 

from Inanam River were achieved with mean concentration was in 12.28 ng/L).  The highest value of  EE2 was 

30.89 ng/L in Station 5 (Taipin, the commercial and residential housing area in Inanam). However, most of the 

EE2 concentration were less than 2.048ng/L (LOD) for most of the stations. This can indicate that low 

consumption of EE2 in these regions.  Through the correlation statistical analysis, turbidity (r=0.975, P=0.0052), 

TSS (r=0.794, P=0.0545), BOD (r=0.801, P=0.052), AN (r=0.753, P=0.071) and DO (r=-0.917, P=0.014) are 

the main contributors and the most influencing criteria on EE2 occurrence. Since the highest occurrence and 

quantification of EE2 compound was concerned in commercial and residential housing area, thus monitoring the 

occurrence of EE2 and others potential emerging pollutants in town, city, commercial and housing area should 

be conducted.  Besides, more studies are needed for studying occurrence of EE2 and other emerging pollutants 

in other matrix such as bed sediment of river and the aquatic biota. 
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