th Khon Kaen University 2010
The 1 1 Graduate Research Conference PMO3

= T @i ab = & o
f‘i'l'i‘lJ'ﬁ:*‘qa.I"rl'N'J"U’lﬂ’l‘itﬂuﬂl’wla\‘i'l‘l..l?ﬁlﬂ'ﬁ:‘:ﬁuvmmﬁﬁnﬂ’] ATIN 11

Detection of Estrogenic Hormonal Residues in the Lower Chao Phraya River, Thailand
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ABSTRACT

Estrogenic hormonal residues in the aquatic system had been considered as an emerging environmental
problem worldwide due to the fear of their adverse impacts on human health. Since the common source of these
residues were mainly from communities wastewater, samples taken in this study were from 10 locations along the
lower part of Chao Phraya River, which ran through the densest habitat in Thailand as Pathumthani, Nontaburi and
Bangkok provinces. Water samples were analyzed the physical and chemical properties and two natural estrogenic
hormonal residues including estrone and 17B estradiol were also detected by GC-MS. The results found that water
quality at the sampling sites in the lower part of Chao Phraya River was classified as class 4 of the standard of water
quality. Unfortunately, there was no the estrone and 17B estradiol in all water samples within the analytical detection
limit of the GC-MS at 6ng/l. However, prevention guidelines and monitoring system of estrogenic hormonal residues
in surface water was purposed to meet an early awareness of this emerging hazard.
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Introduction

Studies on low level concentration of
estrogenic hormonal residues in the aquatic system
indicated the wide spread of such substances in the
environment (Desbrow et al., 1998; Halling-Serensen
et al.,, 1998; Ternes, 1998; Daughton and Ternes,
1999). They and their metabolites were believed to be
continually introduced either directly or via
incomplete wastewater treatment plants’ effluent into
the aquatic system. Natural estrogens such as
Estradiol (E1) and17 B-Estradiol (E2) were normally
found in the excretion from human and animals
(Shore, Gurevitz and Shemesh, 1993) and were
classified as the most potent endocrinal disrupting
compounds (Nghiem et al., 2004) due to their
biologically active property even at low concentration
(Purdom et al., 1994). Their significant effects were
in disturbing the endocrine system by mimicking,
blocking and disrupting function of hormone,
affecting the health of humans and animals species
(Bolong et al., 2009) and brought to sexual function
interferences in animals by causing feminization,
decrease in sperm production and causing
developmental abnormalities (Jobling et al., 2004;
Roepke et al., 2005).

Studies from many countries found that
they were not uncommon to find such natural
estrogenic compounds in the aqua systems like rivers,
lakes or waterways that located in the highly
populated areas especially those received the
drainages from municipal treatment plants. The
researches on the discharges particularly from
municipal STP in Europe and USA, frequently found
the residues of 17B-Estradi01 and 1700

ethinylestradiol (from contraceptive pills) at the
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concentration of few pg/l to few ng/l (Ternes et al.,
1999a). They brought to the conclusion that
municipal wastewater discharge was the major
contributor of estrogenic hormonal contamination of
urban river waters due to the increase of population
and inadequate of wastewater treatment facilities.
Theoretically, most of estrogenic hormones when
excreted were in the form of conjugated estrogens
which were not active forms, but in practice, the
active unconjugated forms were also found in the
effluents from the waste water treatment plants
(WWTP). Baronti et al. (2000) assumed that
deconjugation process of estrogens occurred mostly
in sewers and were later released into the
environment. Therefore, a good understanding of
their physiochemical, biodegradable and sorption
properties was a necessity for improving the
knowledge of their fate in the environment.

This study was designed to make a
screening investigation of these two estrogenic
hormones in the lower Chao Phraya River which ran
through the densest habitat in Thailand. Ten samples
were collected along the river and analyzed for the
hormones by GC-MS. Since it was the first study of
its kind in Thailand, the methods developed for this
study would be the starting point for further studies

about micro-pollutants in the aquatic environment.

Materials and methods
1.1 Study area and sample collection

The Chao Phrya basin was the most
developed and most important basin in Thailand. It
covered 30% of the country’s land and was the most
crowded place where the lower Chao Phrya basin,

which comprised of Bangkok Metropolitan Area
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(BMA) and its vicinity of Samut Prakan, Nonthaburi
and Patum Thani, being the highest populated area
with population about 11.5 million and the highest
population density area of 1,497 inhibitants/km” (the
office of Natural Water Resources Committee
(ONWC) of Thailand, 2005). A daily wastewater of
Bangkok alone was around 2.5 m’ (Department of
Drainage and Sewage, 2003) and approximately 40%
being treated in wastewater treatment plants with the
remaining wastewater and all WWTP effluents being
discharged into the lower Chao Phraya River. The
river ran from north to south about 372 kilometres
(231 mi) long from the central plains to Bangkok and

exit to the Gulf of Thailand at Samut Prakarn

province.
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where community wastewater and hospital discharges
were expected (Fig. 1). They were collected along the
river from up to downstream and a distance of the
discharging point and collecting site not exceed 1 km.
apart.

Sampling was performed in August 2009
which was a high flow season in Thailand. They were
obtained from bridges at sites a, b and ¢ and from the
boat in the middle of the river at the rest of the sites
(d-j) at the depth of < 1 m from the water surface.
They were collected and stored in 2 L plastic bottles
and were transported in boxes packed with ice. When
arrived at the laboratory, they were all kept in the

refrigerator at 4° C.
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Figure 1 Sample collection site map

Ten water samples were collected from the

middle of the lower Chao Phraya River at the points
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1.2 Extraction and analysis

Water samples were examined for physical
parameters at the collecting sites with probes and
meters. The analysis methods were based on standard
methods for examination of wastewater by APHA,

AWWA and WPCF as in table 1.

Table 1 Analysis Methods for water parameter

Parameters Analysis Method
pH pH meter Electrometric
method
DO Azide Modification, P20
by number and period of
sampling
BOD Azide Modification at
20°C 5 days, P80 by
number and period of
sampling
Conductivity conductivity meter
SS Dry the sample at 103°-
105°C then weigh the
solid

For estrogenic hormonal detection method,
a 500 ml sample (or control) was spiked with the
internal  standard (ISTD, 25 Ml of 170L-
methyltestosterone, 25 |lg/mL in methanol). The
solution was passed through a Sep-Pak® C18
cartridge at the flow rate of about 5 ml/min and the
estrogen eluted off with 2 ml methanol. The methanol
extract was dried with a flow of nitrogen gas at 55°C.
The dry residue was then derivatized with 50 LI of
MSTFA/NH,I/2-mercaptoethanol  (1000:2:6,v/w/v)

for 20 min at 60°C on a heating block. After that, a 3
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U aliquot was injected with CTC PAL Autosampler
into the GC-MS system which was HP 6890 Series
GC System, MSD 5975. The injection mode was
split at ratio 10:1 with the injection temperature at
280°C. An Ultra 1, Cross-linked Methyl Siloxane
column (17m x0.2mm, film thickness 0.11 pm) was
used for chroma tographic separation while Helium
acted as a carrier g as at constant pressure adjusted so
that the retention time of ISTD was 15 & 0.3 minute.
The oven was ini tially set at 180°C, then rose by
3OC/min to 2300C and finally by 4OOC/min to 3100C
and hold for 3 minutes. It took 21.67 minutes run time
for the process. Mass Selective Detector, MSD 5973
detector was set for tr ansfer line at ZSOOC while
solvent delay time was 2.50 minutes. The 70 eV
electron impact was determ ined as ionization mode
with the acquisition mode as SIM.

The analytes were quantified by using an int
ernal standard method with calibration against
absolute standard solutions which was 500 mL tap-
water spiked with 20 ng of standard estradiol as
control. The charac teristic ion results were read by
Hewlett Packard Chem Station which had method
detection limits (MD Ls) of 6 ng/L. The characteristic
ions of estrone and 17B es tradiol were shown in

table 2.

Table 2 Classification, physicochemical properties

and characteristic ions of estrone and 17[3

estradiol
Compound CAS RN Classification Tons
(m/z)
Estrone 53-16-7 Natural estrogen 342,257
17B-Estradiol 50-28-2 Natural estrogen 416, 285
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Results and discussion

The water samples were collected in August
2009 which was high-flow season. Their parameters
were tested at site except for BOD, TDS and SS
which were sent to DPC’s lab whilst for hormone
detection lab, samples were separated, stored in the
ice box and transferred to the lab immediately
afterwards. The result of the water samples were
shown in table 3.

The water parameters showed that river
water quality was fit for standard category 4 with
BOD < 4.0 mg/l (0.8-1.7 mg/l) and DO = 2.0 mg
(0.5-4.2mg/1). The suspended solid appeared to be
quite high (24-66 mg/l) and the salinity was slight (0-
0.2 ppt). Due to many studies, these parametric values
and their physiochemical properties were considered
to have affects on the existence of estrogenic
hormonal residues in the aquatic environment. Their
sorption correlated directly with the organic carbon
content and salinity in the water that the more salinity
in water the easier was their sorption (Lai et al.,
2000). William et al. (1999) found that most of the
estrogenic hormonal residues especially estrone
bound more easily to sediment than water and was
kinetically occurred at all time, his investigation of
bed sediments in three English rivers showed that
hormonal loads accounted between 13% and 92%.
High suspended sediment found in this study might
also affect the fate of estrogen in the aqua
environment for it was clear that high suspended
sediment (SS) content could cause these estrogenic
steroids’ biodegradation (Liu et al., 2009) and lesser
chance of the hormones’ finding. Though was not
examined in this study, high concentration of bacteria

was also considered to be an important cause of
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estrogenic  hormone’s  biodegradation in the
environment (Matsuoka et al., 2005; Williams et al.,
1999). Moreover, a result of an experiment done by
Ramon et al. (2001) on acidity to estrogenic hormone
biodegradation showed that 17 B—estradiol
concentrations decreased rapidly in non-acidified
samples especially during the first day as much as
90%. While at the temperature of 30°C, 40% of the
total estrogens were lost over the 7 day period with
the largest portion of estrogen remaining was estrone
from which gave a strong suggestion of the need of
acidification and low temperature in keeping of
environmental samples for estrogens testing. Another
factor that could give impact on this study was
dilution effect. Since the sample collecting time in
this study was during rainy season, dilution effect was
unavoidable. It was possible that the trace amount of
estrogen might be diluted to lower than the detection
limit of the equipment and therefore could not be
detected by the instrument. As from the experiments
by Masoka et al. (2005), collected water samples
were done throughout one year and found that the
levels of estrogenic substances in river water changed
daily, weekly and monthly and the highest 17B-
estradiol level (E2 equivalent) was obtained in
summer.

It was undeniable that estrogenic hormonal
concentration report in this study was found less than
method detection limit but it was not a firm prove of
their absent. It might be related to the fact that
estrogenic hormones in the environment was trace
and checking instruments might need to have a
detecting limit to as low as 0.1 ng/l as in other
studies elsewhere. Also, the correlation between their
sorption, biodegradation and the dilution effect might

affect the findings as  mention  above.
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Table 3 Water samples’ parameters and estrogenic hormonal residues value by GC-MS

Station Time Water pH Turbidity Conductivity Salinity DO BOD TDS SS Estrone(E1) 17BEstradiol
temperature (NTU) (umho/cm) (ppt) (mg/) (mg/1) (mg/1) (mg/l) (ng/l) (E2)
C) (ng/l)
A 10.00 316 8.8 40 25 0.0 4.2 0.9 189 25 <MDL <MDL
B 11.00 317 8.7 37 198 0.1 2.6 0.9 198 24 <MDL <MDL
C 11.30 314 8.8 36 328 0.0.2 4.0 0.8 202 28 <MDL <MDL
D 13.10 30.5 8.8 41 225 0.1 22 0.9 216 39 <MDL <MDL
E 13.30 30.7 8.7 45 354 0.2 1.9 0.9 212 50 <MDL <MDL
F 13.45 30.8 8.7 38 371 0.2 1.9 1.3 226 38 <MDL <MDL
G 14.00 30.7 8.1 47 375 0.2 1.2 1.4 226 36 <MDL <MDL
H 14.10 304 8.2 31 379 0.2 0.7 1.7 221 40 <MDL <MDL
I 14.25 30.2 83 26 159 0.1 0.5 12 228 37 <MDL <MDL
j 14.40 30.4 8.8 21 160 0.1 0.8 1.6 225 66 <MDL <MDL
Average 30.8 8.6 36 257 0.1 2 1.2 214 38 <MDL <MDL
MDL: Method Detection Limit = 6ng/I
However, prevention measures of the chemical determination and biological activity

estrogenic hormonal residues contamination in the
aquatic system in Thailand were still crucial. There
were many regulatory mechanisms that could use to
manage municipal wastewater and industrial chemical
discharges in order to reduce the chance of releasing
estrogenic hormones into the environment. For
example, increase the efficiency and number of the
wastewater treatment plants to make cleaner effluents
before discharging into the river, control of industrial
emissions through discharge consents which was an
useful measure for point sources or used of voluntary
initiatives measure to create a self control process
2006) etc.

(Gross-Sorokin et al., Nevertheless,

environment agency in  collaboration  with
government and the water industry should play a
major role in this issue in conducting the sewage
treatment processes assessment program to explicit
these estrogenic hormonal residues, to improve the
effectiveness of the WWTPs in removing or reducing
these hormones and to provide information for future
decision on how to control this estrogenic
contamination. The program should involve an

effluent-testing program comprising a combination of
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monitoring and studied the possible treatment
methods to remove steroid estrogens and to reduce
estrogenic activity of final effluents. In addition,
environmental monitoring (e.g., histology and
population parameters) and population modeling
should be done in supplementary research programs
to evaluate effectiveness of the present technologies
in providing important information on changes to
environmental quality (Gross-Sorokin et al., 2006).
For Thailand, the most suitable treatment
scheme had to be both efficient and low cost, so the
optimizing existing treatment technology was more
considered. The study from Koh et al. (2008) showed
that secondary biological treatment in the
conventional treatment plants was a key process in
removing most of the estrogenic residues.
Transformation and biodegradation were considered
important for hormone removal as some
microorganisms possessed the potential to utilize
steroid estrogens as carbon sources for metabolism.
The suggested retention time was at least 10 to 12.5
days to assured for the growth of micro-organisms

that decomposed E2 and El.
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Servos et al. (2005) also reported in their study of the
significant effect on nitrification in the biological
treatment system for its potential on estrogens

removal.

Conclusions

Estrone and 17B Estradiol were two natural
estrogenic hormones excreted merely by human and
animals. They entered the aquatic envi ronment
through discharge of municipal wastewater and
animals waste. Even though they were detected in
trace amount and no strong evidence, up till now, of
the adverse effects of these residues to human health
but their endocrinal disrupting properties brought
much concern on the finding. Many studies, though
limited, indicated that their fate in the environment
depended on their physiochemical properties and
environmental media. More understanding of their
changes and their metabolites throughout their life
cycle would certainly benefit the prediction,
prevention and treatment plans to manage this
unwanted problem in the future.

The experiment designed in this study was
aimed for detecting these two estrogenic hormonal
residues in the Lower Chao Phraya River. Since all
sampling and investigating methods were the first
time in Thailand, some of them needed to be adjusted
in the future. They were : sampling time that might
change to summer time to avoid dilution effect or
conducted year round sampling to compare for the
seasonal effect, sample acidification to prevent
biodegradation by water micro-organisms and much
lower method detection limit of the instrument and
more appropriate detection method to enhance chance

of detection. The fineness and accuracy of the
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detecting instrument was one of the key factors to
detect these trace substances in many studies by
which their affirmation induced  alertness among
stakeholders.

Anyway, for Thailand, periodic monitoring
and prevention plan were recommended for early
detection of this emerging hazard. Environment
agency in collaboration with government and the
water industry should play a major role in this issue
and acted through many regulatory mechanisms such
as municipal wastewater discharging regulation,
industrial waste emission permission, polluter pay
principal or voluntary consent among stakeholders.
For treatment aspect, optimizing existing treatment
technology of the present WWTP might suit
Thailand. Biological processes in the secondary
treatment would play a major role in estrogenic
residues reducing by using biodegradation,
biotransformation and adsorption mechanisms
together with longer SRT and HRT to achieve the

goals.

Acknowledgements

The authors thank the National Doping
Control Centre, Mahidol University and Pollution
Control Department, Thailand for their technical
support. This research was partially supported by
Program  of Technology of Environmental
Management  (Special  program), Faculty of
Environment and Resource Studies, Mahidol

University.



1 1 th Khon Kaen University 2010
The Graduate Research

= T ai  ab =y & o
f‘i'l'i‘lJ‘.i:°q3.l1’|'lxi']"l.l’lﬂ’l‘itﬂuﬂl’wlax‘i'l‘l..l?ﬁlﬂ'ﬁzﬂuvmmﬁﬁn‘ﬂ’] ATIN 11

References

American Public Health Association (APHA), American
Water Works Association (AWWA) and
Water Environment Federation (WEF).

2005. Standard Methods for the

Examination of Water and wastewater.

21%d., American Public Health
Association, Washington DC., USA.

Baronti, C., Curini R., d’Ascenzo, G., DiCorcia, A.,
Gentili, A., and Samperi, R. 2000.
Monitoring natural and synthetic estrogens
at activated sludge sewage treatment plants
and in receiving river water. Environmental
Science Technology. 34:5059—-5066.

Bolong, N., Ismaila, AF., Salimb, MR. and
Matsuurad, T. 2009. A review of the effects
of emerging contaminants in wastewater and
options for their removal. Desalination.
239:229-246.

Daughton,CG. and Temes, TA. 1999. Pharmaceuticals
and personal care products in the
environment: agents of subtle change?
Environmental Health Perspectives.107:907-938.

Department of Drainage and Sewage, Bangkok
Metropolitan Administration, 2003.
Retreived June 15, 2009, from http:/Awww.sea-
uemaaitac.hv/formal/SNP/TP1/PathanWW Thailand.
pdf

Desbrow, C., Routledge, EJ., Brighty, GC., Sumpter,
JP. and Waldock, M. 1998. Identification of
estrogenic chemicals in STW effluent, 1.
Chemical fractionation and in vitro
biological screening. Environmental

Science Technology.32:1549 —1558.

Conference PMO3- 8

Gross-Solokin, MY, Roast, SD. and Brighty, GC.
2006. Assessment of Feminization of Male
Fish in English Rivers by the Environment Agency of
England and Wales. Environmental Health
Perspectives. 114(1):147-151.

Halling-Serensen, B., Nielsen, N., Lansky, PF.,
Ingerslev, F., Hansen, L., Lu"tzheft, HC.
and Jorgensen, SE. 1998. Occurrence, fate
and effects of pharmaceutical substances in
the environment—a review. Chemosphere.
36:357-394.

Jobling, S., Williams, R., Johnson, A., Taylor, A.,
Gross-Sorokin, M., Nolan, M., Tyler, CR.,
van Aerle, R., Santos, E. and Brighty, G.
2006. "Predicted exposures to steroid
estrogens in U.K. rivers correlate with
widespread sexual disruption in wild fish
populations". Environ Health Perspect.

114 (Suppl 1): 32-9.

Kanda, R. and Churchley, J. 2008. Removal of
Endocrine disrupting compounds during
conventional wastewater treatment.
Environmental Technology. 29:

315-323.

Koh, YKK., Chiu, TY., Boobis, A., Cartmell, E.,
Scrimshaw, MD. and Lester, JN. 2008.
Treatment and Removal Strategies for
Estrogens from Wastewater. Environmental
Technology. 29:245-267.

Lai, KM., Johnson, KL., Scrimshore, MD. and Lester,
JN. 2000. Binding of Waterborne Steroid
Estrogens to Solid Phases in River and
Estuarine Systems. Environ. Science of

Technology. 34(18):3890-3894.

217



1 1 th Khon Kaen University 2010
The Graduate Research Conference

= T ai  ab =y & o
ﬂ'l'iﬂ‘.iz’qu'“"l'ﬂ'J'U"Iﬂ']'ﬂauﬂﬂﬂ@"u'ﬁ]ﬂﬁgﬂuummﬁﬁnﬂ"l ATIN 11

Liu, Y., Sun, W., Li, M. and Ni, J. 2009. Effects of suspended
sediment content on biodegradation of three
common endocrine disruptors in river water. Marine
and Freshwater Research. 60(7):758-766.

Mastrup, M., Jensen, RL., Schafer, Al and Khan, S. 2001. Fate
Modeling—an important tool water recycling
technologies, in: Recent Advances in Water
Recycling Technologies, AL Schafer, P. Sherman,
and T.D. Waite, eds., Australia,
Brisbane.103-112.

Masuoka, S., Kikuchi, M., Kimura, S.,
Kurogawa, Y. and Kawai, S. 2005.
Determination of Estrogenic Substances in
the Water of Muko River using in Vitro
Assays and the Degradation of Natural
Estrogens by Aquatic Bacteria. Journal of

Health Science. 51(2):178-184.

Nghiem, LD., Manis, A., Soldenhoff, K. and
Schafer, AlL. 2004. Estrogenic hormone
removal from wastewater using NF/RO
membranes, J. Membrane Science.
242:37-45.

Purdom, CE., Hardiman, PA., Bye, VJ., Eno,
NC., Tyler, CR. and Sumpter, JR. 1994.
Estrogenic effects of effluents from
sewage treatment works. Journal of
Chemical Ecology. 8:275-285.

Ramon, DR., Layton, AC., Moody, LB., Easter,
JP., Sayler, GS., Burns, RT. and Mullen,
MD. 2001. Degradation of Estrogens in
Daily Waste Solids: Effects of
Acidification and Temperature. American
Society of Agriculture Engineers.

44(6):1881-1888.

218

PMO3-9

Roepke, TA., Snyder, MJ. and Cherr, GN. 2005.
Estradiol and endocrine disrupting compounds
adversely affect development of sea urchin
embryos at environmentally relevant
concentrations. Aqua Toxicology. ;71:155-73.

Shore, LS., Gurevitz, M and Shemesh, M. 1993.
Estrogen as an environmental pollutant.
Bulletin Environmental Contamination and
Toxicology. 51:361-366.

Ternes, AT., Stumpf, M., Mueller, J., Haberer, K.,
Wilken, R.-D. and Servos, M. 1999a.
Behavior and occurrence of estrogens in
municipal sewage treatment plants—I.
Investigations in Germany, Canada and
Brazil. Sci. Total Environ. 225, 81-90.

The working group of the office of the Natural Water
Resources Committee (ONWRC) of
Thailand. Thailand’s Water Vision: A Case
Study: Chao Phrya River Basin, 2005.

Williams, RJ., Jurgen, MD. and Johnson, AC. 1999.
Initial predictions of the concentrations and
distribution of 17h-estradiol, oestrone and
ethynyl-oestradiol in 3 English rivers. Water
Res. 33(7):1663—71.





