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ABSTRACT

spand and growing industrial acliviies have increased the
possibility o release the chemicals, called Endocring
Disrupling Chemicals (EDCs), inte the environment. In this
study, an efficient treatment process for removal of natural
homone especially for degradation of natural steroid hormaone (17 B-estradicl
or E2) was develop. A mesophilic anaerobio completely slimed tank reacior fed
with arlilicial wastewaler was conslructed to study the anaerobic 17 B-estradiol
degrading mechanism. From the resull of dagradation, mora than 95% of 17 G-
esiradiol was successfully degraded and aboul 60% ol thom were converted 1o
estrone (E1) which shows lower loxicity than 17 B-estradiol (E2). The resull of
Inis study indicated that anasrobic treatment was verified to be an allernative
effective mathod o remove the natural sterosd homona.

Artificial wastewarer, nafural sieroild hormones,  mesophulic
anacrobic Completely Stired Tank Reactor (CSTH).
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bahan-bahan kimia dan proses fedustid yang lerbueang ke
ingkungan. Bahan-bahan kimia ini lebih dikenal dangan nama

ABSTRAK ? arkembangan dan periumbuhan indusin akan memnghatkan

INTRODUCTION

Endocning Disupting Chemicals (EDCs). Fada penefitian inf
telah cuakukan pengolahan untuk menghilangkan nalural hoermnon KRGGUsnyS
natural sterold hermen.  Masophilic anaerobik complelely stirred tank reaclor
[anaorobic (CSTH) tefah digisain dengan menggunakan [imbah buatan wiiug
mempefajan mekantsme degradast dan 17 G-estradiol. Masl penaiitian ind
menunjukkan bahwa lebih dari 95% 17 S-esiradial berhasi divrakan dan §0%
dari penraian fersebut berubalh memnjacdt esieon (E1), dimana asiren foxcity
lehih rendah fika dibandingkan dengan 17 B-esiradiol. Darf penelitian ini dapal
dempuitkan bahwa anserobic Irsalment dapal dijadikan altermatll yang efekiif
unfesk mnengtmamgkan rafural steod hormaen yang Goa dilinghungan.

Kata kuncl: Limbah buatan, natural steroid hormone, mesophilie anasrobic
Cornpletely Stired Tank Reactor (CSTR)

human and wildiio. Expand and growing
industrial  activiies hove  increased  bhe

years, thera has been possibiity 1o release  these chemicals,

consiciabile growing 0 scientific concerns
aboul the potential adverse effecls ol the
chemicals thal hawve potential to alter the
normal function of the endocring system in

(2D

Erdocrine Disrupting Chemicals (EDCs), ino
Ihe envircnment, EDCs have a potential io
mimic natural  hommones by binding  the
hormone receplors herelore causmng affects



on growihn behaviorn, reproductive and immuana
furctions of human and wildlife. EDCs ean
dhshurh tha endocring system ol many species
even in o wery low concentration. Since 1986,
the US Envirorumental Prolection Agency {Us
EPA) Office of Research and Dovelopment
has consicared the endocrne disruplion as
one of The lop six research priorties.

Among  EDCs,  the natural  steroid
hormones released by huwman and livestock
showed big effect on the wildlife in surace
water for their relatively higher activities,

Theretore, the detection of these natural
hormanes in  the waler environmeni, the
affactive wastes wasiowaler Ireaalimaenm

techmigues designed 10 remove 1hese natural
hormones, are of great imponance,

Malural estiogens hormones (E2, E1
and E3) in lhe enviconmenl worne excrated
from human or farm animals and induce of the
minlogical eflects al low concentration. Amont
ol the rmatural eslrogens hormones, C2 is the
moal polent and have been suggested as one
ol the major groups of subslances which
cause endocnne disruption effect on human
and wikdile (Lee of al, 2002}, EZ2 was
detected in many water systems (lsi & al,
2002), eflluents Irim sewage reatmeni plant
(STP (Fulil ef &, 2002) and agricullure
ndustries  (Raman et al. 2004). The
degradation of nalural estrogemc homones
under the aercbic conditions was weall studied
(Ying ef al, 2003 Ternas of al. 1599}, and it
showed thal lhey eoulkd ba easily removed
froem he waslewater when using  activated
shedge method. Meanwhile, the researches an
the degradation of thase natural steroid
hormones urdar anaerchic conditions were
lirmited and n gereral il was considerad that
anagrobic degradation of these nalural steroid
hormones I5 much more difficull compared 1o
that in aerobic conditions (Ying et &, 2003},

On  the olher hand, the resulis
Ermawati ef al, 2007 shows that most of
asrogenic activity in cow Manure waste wis
removed undar anaercbic reatment process
sugijesiod that anaerobic treatment should be
an alternalive useiul method lor the remaval of
these homones especiglly when  lreating
wastes with high concentration ol erganic
malprals. However, how  these natural
hormones wore degraded  under  anaerobic
eondition iz stll unknown. Therelore, in s
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anaersbic

seclion, a simple gl
lermentation  systemn  fed  with  anificial
waslewalor conlaining 17 B-estradiol (E2) was
constructed. And  fhen the degradation
efliciency and the fate of 17 G-estradiol (EZ)
wers investigatad.

MATERIALS AND METHODS

A.  Artificial Wastewater

Artificial wastewater contain of carbon
and energy source with added of lrace ele-
menl solution were used in lhis research as
supplying for microgrganism growth. Arilicial
wasiewatar with butyrate and 175-estradiol as
carbon and energy Source was prepared as
follows [giL): 17R-estradiol (Wako Pure Chemi-
cal Industries , Ouaka, Japan), 100pg (Ca):
CHyCH.CH-COOH. 11.7: CH:CH:CH.COONa,
.67, KHPO,, 0.3 KHCO,, 4.0; MHLCL, 1.0
mMaCl, 0.6, MoClL8H.0, 082 CaCl2H:0.
0.08; L-Cyatein-HCIH.O, 0.1 g, 10 mil of the
DSMZ medium 318 trace element solulion
{Deulsche Sammiung ven Mikroorganismen
und Zellkwliuren, Braunschweaig, Garmany)
containing 52.6 po/l of NI and B1.2 pg/ of
Co¥, and 10 ml of tha DSMZ medium 318
vitamin solution without B.;.  The (olal arganic
carbon (TOC) concentration of the anificial
waslewalor was approsmately 8,000 mg/f

B. Construction and OQOperation of the
Meshophilic Anaerobic Completely
Stirred Tank Reactor (CSTR)

The anaerobic mesephilic chemosial
was operated using completely stirred tank
reactor wilh & working volume 1.8 L (V) and
was mixed using 8 magnetic stimer. Il was
expected that wusing this reacier all lhe
wastewater will completely mised and the
reactor easy to maniain durnng operaton
period. The other advantage of s reacior
was produced the methane gas as onecy
source. The temperalure was maintained at
370G by mmersing the reacior im &
thermostated  waler-bath and  pH  was
maintained automatically at 7.0 by leeding 1 N
HCI solution through a pump which was
contralled by a pH controlier. 1.2-L portion of
mesophilic  digested  studge rom he
Kumamoto-Hokobu sewage  freatment plant
(Kumamato City] was washed Iwice with a
arilicial waste wilhoul 17B-estradiol under
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anaercbic conditions, was diluled to 1.8 L. and
was thon placed in CS5TR. Arificial waste
waler conlamning bulyrata as the sole carbyon
source was led into 1he GSTR at a dilution rabe
ol 005 d' Mow rale was 0.09 Lid). Biogas
was collected in a gasholder. After 3B days
conlinuous operation, anificial wastewater
conlaming 17 B-astradiol ware led inlo reacior.
Figure 1 shows the schematic of the CSTA,.

C. Sample Coneenlration

The concentration of sample using the
method  modified  from  the  procedure
descnbed by previous sludies (Raman af al,
2004), were caried oul as lollows: The
samplas were extracted n riplicate. Sample
froem reactor about 20 mb was placed in a 50
mL glass vial with 70 mL of athyl ether. and
werea shaken automatically lor 30 min al on a
varticel shaker and then centriluged at 2300 x
g for 10 min, and Ihe supernatan! was
collected. Ethyl ether being extracted from
cach sample was collected lolowed by
cvaporalion usng centifugal concentralar 1o
dry il. The residue was dissclved in DMSO
and than used as a lesl sample n ihe ?Eait
two-nybrid assay and ELISA measurament. In
case sludge and supernatanl samples, a 20
mbL sample was centrifuge at 7000 rpm for 10
min. then the supematan was collected and

sludge sample was added with 20 mL ol
deionized water and continuing as procedure
for extracied as above.

D. Measurements of 17 p-estradiol (I22)
amed Esiron (E1)

Tha concentration of E1 and 178
ostradiol (E2) was dotermined by using ELISA
{Assay Design, Inc, Ann Arbor M1 acconding
to the manufaclurer's instructions. The ELISA
method was selected for measurement of £1
and EZ in the influent and efiluent according 1o
thee sensiivity of this mathiod withoul  lime
consuming. The recovery efliciencies of E1
and E2 by the CELISA measurement were
110% and 112%. respactively.

E. ther Analyviical Methods

All parameters of the influent and the
effluent were measured regularly three times a
weak. Total organic carban (TOC) and volatia
lalty acids (VFA) wore measure  aller
centrifugation at 8000 x g ior 10 min. TOC was
analyzed by using a TOC auto analyzer (TOC-
Sy, Shimadzu, Kyoto Japan) according to
slandard melhods (Mamiki, 1988). VFA was
anaiyred by o post-label method waing a
HPLC as described in our previous paper
(Kida et af, 1993). Tolal solid (TS}, total
volatile sobd (TVS), BOD., susponded sold
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Figure 1. Schematic of the mesophiic anaerobic completely stirred tank reactor
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(85) and volatile suspanded sobd (VSS) were
analyzed In according to standard methods
(Mamiki, 1966). Color index was measurad by
specirophoiometne method
measured using the HACH method (mathod
B000, HACH Company). The methane contant
of the blogas was measured using a gas
chromalograph  equipped with a tharmal
conductivity detector (TCD) (KOR-2G, GL
Sownoe Co, Tokyo) wilh a packed column
(Porapack Q, GL Science Co., Tokya).

RESULT AND DISCUSSION

A.  Operation Result of the Mesophilic

Anaerobic CSTR

Artficial  wastewater containing  of
butyrate as the sole carbon source was led
im0 thie completely stirred lank reacior (CSTR)
at a dilution rate of 005 o', After 38 days
operated the 173-eslradiol were added in the
artificial wastewatar al a concanltration ol 100
oyl Afterr 50 days operalion al a dilution rate
ol D05 o' MLVSS conceniration were
reached stabie, being approximately of 1 g/l.
Average biogas production rate was 650
mbULiday. Methane and CO. concentriation in
thix biogas were approcemaztely 70 % and 29

%%, respectively. TOC removal efficiency was

more than 99 % and VEA was lower than 100

mag/L (Figure 2).
B. Degradetion end Behavior of 17p-
CODer was estradiol (E2Z} in the Mesophilic

Anacroblc CSTR Measured by ELISA

Uzing ELISA mathod, The concaniralion
ol BE1 and E2 in the culluee beoth in the reactos
wirie delérmined approsdmately once a weak
{Figure 3). The theoretical accumulation of
E2 in the reactor under the condifion of no E2
dﬂgr:—tbdam:rl oocurred was shown in the same
ligure. The concentration of E2 in the reactor
was lower than 5 pg/'L. As the concenlration of
E2 in the mfluent was 100 pgid, the
degradation efticioncy of E2 kept at 95%
during whole operation period of about 5
month. However, even no E1 was fed info the
reacior. E1 was detectad continuously in the
reacion Al the time the leading of E2 was
slared, the increase ol E1 also stared and it
reached a highest concentration of aboul 78
pg'L after 75 days operation, After thal, some
of E1 accumulated was degraded and E1 then
kespt al appeaximalely 55 pgfl over 3 month's
operation.

The results above suggested that about
60% of B2 degraded was corvearted to E1 and
A0% of E2 remowed was converad lo other
inlermeadiates or complelely degraded in the
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Figure 2. Time course of the performance of tha mesophilic anaarbic CSTR
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anacrabic  reactor.  The resull that the
concenteation of EV kept at the high lewel in
e reactor indicated thal degradation of EIl
under the anaerabic condiion was relatively
dilticult comparad to that of E2. Similar resull
was also reporied by another research group
{Cynthia 2t al. 2006). Howewver, dilerent resull
was reporied by Joss el al, (2004). In their
study, the reduction of E1 to E2 occuwrred
under the anacrobic condilions, which had not
laken place in lhis sludy lor the big dillesence
between the concentration of E1 and E2 in the
reaciar.  Without the information  of
intermediate products, it was difficult to
deduce the malabole pathway ol EZ2 under
angorobic condition from these results now
gblained. Mamy roscarchers reporied  that
under the asrohic conditien, E2 was first
oxidized o E1 and E1 was furthar degraded
compdletely. However, how E2 was degraded
under anaerobic condition had not reached a
final conclusion.

C. Implementation of this Results o the
Industrial Effluants

= The implemanialion of thesa results 1o the
industrial ellivents should be applied in the
covered ol hazardous wastewaler realmant.
Moraover, the final effluent should be save to
thi grvirgnmeni,

- Indonesian  Mational  Standard  for  the
wastewatar  reatment effluent should be
mora coverad of loxg compounds.

- Wastewaler lesling laboratory in Indonesia
should be strengthenad by capabiliy of
human's resources for the analyzing of toxic
compounds.

= Slandard malhod of loxe compounds coulkd
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Figure 3 . Time course of the concanlzabon of E2
and E1 (ELISA) n mesophiic
anasroblc oompiately stirred 1ank
reachor (GSTR)

be socialized to the Indusiries and testing
laboratories as man holdars.
CONCLUSIONS

Anaerobic 17 B-estradiol (E2) degrading
chemostal was successlully constructed and
the E2 characteristic degradation was studied
95% of E2 fed into the reactor was degraded.
60% of E2 degraded had been converlod (o
E1, It can be concluded that it is possible o
use an anaerobic trealment method to degra-
dation ol towc compounds such as E2.
Though E2 was nol completely degraded to
mineralizes as CO; and H:O In the linal resulls
in cur stucdy

To clear the EZ anaerolic degradation
pathway, furdher studies are neosded. The
analysis of intermediales is one imporlant par,
which can provide basic information for
praposing possinle pathways. The sludy ol
microorgamnizms relaled o the degradation of
E2 iz anolher necessary parn. [dentification of
related microorganism  from  the complex
microbial community is of course very difficull
and the analysis method combining  the
mokecular biological techniques and isolope
probing technique mighl provide perspective
results. The genome analysis of the related
microonganisms therclore can give us nlact
inlormation of the E2 degradalion pathway
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