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Abstract

Ibuprofen (a-Methyl-4- [ isobutyl ) phenylacetic acid; IBU) is a
non-prescription (NSAID) analgesic and antipyretic drug widely used in the
treatment of rheumatic disorder, pain, and fever. It is one of the most used
active pharmaceutical ingredients worldwide for pain relief. IBU can be easily
acquired in drug stores without prescription. IBU can easily detected in the
sewer or surface water contaminated with human excretion with the
concentration of pg/L. IBU can be ingested and accumulated in animal bodies
through bioaccumulation and biomagnification, especially for the upper trophic
level of food chain. Concentration of ng/L IBU has found an adverse effect for
the growth of reproduction of aquatic species. A biodegradation of IBU under
aerobic and anaerobic conditions using four different sludges ( i.e., three
activated sludge from Taichung Veterans General Hospital wastewater
treatment plant, Fu-Tian water recycling center and distillery wastewater
treatment plant and one digested sludge from distillery wastewater treatment
plant ) was conducted in this study. Sludges were cultured in batch by using
IBU as the sole carbon source. IBU concentration was monitored by HPLC/UV
to assess biodegradation capability. In addition, sterile sludges were used to
determine IBU adsorption by the tested biomass. The results of adsorption
experiments showed that IBU concentration remained unchanged during the
entire incubation period suggesting that sorption of IBU to the tested biomass

was negligible. IBU was found to be readily biodegraded under aerobic
conditions while using activated sludge from hospital (with >99% degradation )

and activated sludge from Fu-Tian water recycling center (with 66%

degradation) in the biodegradation batch test. Biodegradation rates of IBU with
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activated sludge from hospital and with sludge from Fu-Tian water recycling
center were 1.4 and 0.7 mg/L/day respectively. The results of Kkinetic
experiment showed that sludges from hospital and municipal WWTP had
Vmax value of 3.01 (day?') and 3.86 (day?'), Km were 5.8 (mg/L) and 21.8
(mg/L), respectively. Hydroxyibuprofen (OH-1BU) (m/z 221), C12H1s (m/z 161)
and Carboxyibuprofen dimethyl (m/z 265) were possible byproduct of IBU
biodegradation based on LC/MS spectrum for hospital WWTP sludge.

Keywords: Emerging contaminants, Ibuprofen, biodegradation
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First generation contaminant
Domestic wastewater
(BOD, NH3-N, SS, Microorganism)

Second generation contaminant
Chemical Organic pollutants
( POPs, heavy metals)

Third generation contaminant
Emerging Contaminant
( PPCPs, hormones, EDCs)

Fig 1-1 Schematic diagram of evolution for different generation of pollutants
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Fig 2-1 Compounds characterized as emerging contaminants (3 & %

2013)
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cE R P MR k2 E 4 EST B BOD~SS 2 NH3
Pt E ML R COD kB A%A @ kEE Y578
PRI AEE RN EXRER c SR RFIATRE A
FRENGEE  MBALAS P FAoB{ol A EZY & p ARTEE
T ¥ B F s g mE2 % o BiLr @ 2R GE
% 52008) o ML F AP E G S o B H G D Kl B EH o T3 R
A1 ER BB KA EITEEY (AR Ak eILiERY A
SRyl AR TR T ERTHF TR LRI RE 2P
KRR~ TR EEY TR ER AR ITLE A LR BROORE (B
#Fx% 2013 ;¥ > 2013) -
PO REFEPFOFRBFIAEFAF AR LR OEE 0
e s UREFRDES LT 2
Biaodo b WA EFEL IR ALERARY 7 g S FRFFRAAF

WA AL e A b F

S PV g RE2 RS (BE A %02013) cTable2-15 - %5 kg ? ECs

WeRl DUE F B 18RI B4 W oI 5 88% 2 (FR4RE %-2008)

k% (Yuetal,h2011) -

B 2005 R FOR R RS HE ST E RS RISk
2005 &g g * ) 1600 f&0 18 * £ - - & F4e(Table 2-2) k53 *
£ 930%-° ¢ & iR 520024 L3201 IR A S o 2 B g 4R 4 4 112000
12002# 1~3 % B > B - 4P AT ¥ 2E8E B A% 4 8 2 (Non-steroidal
anti-inflammatory drugs, NSAIDs) z_ 4= % & & s3- Fopldgr = £¢ @ % §
B % % % Diclofenac » # =t & %] % Mefenamic acid - Ibuprofen ~ Naproxen

> @ 2L FHpE bt # Diclofenac ~ Ibuprofen ~ Naproxen ~ Ketoprofen ~

Acemetacin ¥ ATRB (CKTREB & F 2 3E)Y KR I (FkE = > 2008) o ¥ ‘b p
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APEFBAFR AL T R T B KR IR NER R T R
ik Kk @ lbuprofen~ KetoprofensNaproxen k& 4 &) 5 281~1130 ng/L -
108-369 ng/L ~38-230 ng/L > i = f&* F A F A KFeOA T R kS 5 5T
FRF R RGE R e > 3 RBCRHP o 77 LRIE S (50 2010) -



Table 2-1 5 A7 K A2 R 3% %Rl 2 18 #8 ECs

LAY 8 w2 LA A5 Log kow pKa

X7 Ampicillin C16H19N3OsS  1.35 2.7,7.3

T fgiips Acetaminophen CgHoNO2 0.46 9.4

whe e ] Caffeine CsH10N40O: 0.01 6.0

# P AT Ciprofloxacin Ci7H1sFN3O3z  1.7,1.35 6.0,8.8

ERECR Clarithromycin CasHeoNO13 NF 9.0

0ok K Erythromycin-H20 Ca7He7NO1s 3.0 8.9

e =3 g Gemfibrozil Ci15H2203 4.77 4.77

AR Ibuprofen Ci3H150; 3.97,350 4.9

- ‘H 3 Naprofen C14H1403 3.18,3.24 4.2

3 eEfk Nalidixic acid CisH20FN3Os  0.47 5.95

Zr EK Oxytetracycline C22H24N209  0.08 3.2,74.89

e % Ofloxacin CisH20FN3Os4  1.52 5.9,7,7.65

Y%z Propranolol Ci6H21NO2 1.20,3.48 9.5

R Bicele_ Sulfadiazine C10H10N402S  -0.046 2.14,6.34

R gk Sulfamethoxazole Ci0H11N30sS  0.50,0.89 1.85,5.6
A - ¢ § efex_ Sulfamonomethoxine  CiiH12N4O3S  NF NF

T kK E Tetracycline C22H24N20s  0.09 3.3,7.79.5

27 Trimethoprim CisH1sN204S  1.67 2.8

zx : NF, not found

(Source : #k%% 2 - 2008)



Table2-2 2005& giFHEZ gREHFEH - L2 5 52 FF

Er
. AE X #* E(H®) |
e
1 Acetaminophen 568838764.50(500mg*,24mg/mL) fR AR A
2 Metformin 37809268.50 ( 250mg, 500mg,850mg) "% n- E |
3 Magnesium oxide 252905866.10 (250mg, 500mg) | pa A (75 %)
4 Dextromethorphan  215604710.30 (15mg) gE vy A
HBr
Codeine phosphate  213082456.10 (20mg, 30mg, 60mg) "B % 2 F s (1k 7
)
Oxethazaine 207409246.60 (10mg) Wi ER IR %
Aluminum 207375333.70 (300mg, 500mg) | fk A
hydroxide
Dimethicone 198139847.30 (40mg) 1 pa |
Aspirin 181994837.10 (100mg, 500mg) &2 AETF A
Ambroxol 170399622.30 (30mg) A Tk
hydrochloride
Glycyrrhiza extract  157239972.10 (200mg) gE vy A
Propranolol HCI 156637103.30 (10mg, 40mg) B < %8 Fe dr
Diclofenac Sodium 153406713.30 (25 mg, 50 mg, (%
75mg(SR), 100 mg(SR))
Amlodipine Besylate 141993811.20 (5mg) 4T B 3 3p Fe g
Chlorpheniramine 139108972.60 (4mgq) e S i
Domperidone 133718722.80 (10mg) e B IR
Ibuprofen 131359431.70 (200mg, 400mg, FH 42T A
600mq)
Magnesium 127120568.00 (500mg) p=Edl
hydroxide
Dipyridamole 122295091.90 (25mg, 50mg, 75mg) Tk B9 TR 3 5k
Methylephedrine 122138442.60 (25mg) A F AR
3 mg %5 mg/tab (Source : k1 > > 2008)



22 FERAc-® A #E* g ( Pharmaceutical and personal care products,
PPCPs )
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B dd A WA E R A Efop FERY 5o 4o 4 4 ELE 1
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(1% > 2009) o ¥ 44> P eniesh o h T - mF Lt BEAD
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i P AP aER LT S *E‘»%’J'U)é“‘ﬂfi.%‘ﬁﬁjﬁ:‘;f%%%?il-'y‘ﬁa’
F] R AR AR mrﬁjfn;@gﬁm}zw W ED R D - A RpE R
Beis ok ok A IRBOKH Y (F£02010) o3nAa A i * % > PPCPs i
EP BT BT P 0 e AR, RIT kS A R RS

B MR Ed FE 6 F 42 Ea e Tk (8]0 2009) 0 £ & 07 EER

>\_

BB BN s € - AP TRB Y @A A ET
AR E L REBRBE 2 PGS 0L D) 3 (50 2010)- 2 3] 90
£ %50 gt %8 PPCPs 3 447 4 Bt ML X AL 5 — S SEenTR BT 4 P o
PPCPs %2 H (X3tA $ # %7erig » KRB Z 2 EIRE P » b ® -k~ 8 £k -
BTORNAEE FR Y BT RPIDIATRERS ERFF N A ng/L~pug/l
2 B ("% > 2010) -
d B LG L R A A A B

AERBIRTI A LEEAMAINEASFECRBRLE ) WY R FHRER
441 F 4@ (Boxalletal, 2003) -
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22.1 PPCPs ik ¥ ul# i

BEFE AR 0 A 07 80%A S A RIS TR B < JEd A dg

BB e i R R D RO o T B F B R R R R R R
=B % R WE R ok E o FRkie R T PPCPs etz & (5 0 2011)
PPCPs #iki ¢ ihi & JaIRiBAZ » 4oFig 2-2 #7771 ° -
¢ PPCPs > A & 53877 Rfc B i Soi » PR i 0 ™

FAESE S N E R fodE b > A'E 2R 2h PPCPs {a M g i » BB T

ko @ feRE R ¢ e PPCPs i i 5t Vit SR Y 0 TR KA
P e PPCPS il i R @ Fophrix it X ¥ U AR KR *F AR F ST B

ki r FIp A EY o REBEA MR (FIY > 2009)
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Fig 2-2 Source and environmental fate of PPCPs (] % - 2009)
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23 BE A%

Ibuprofen (IBU )» % * 5 27 FPp R -F R -F 587 &%
IUPAC # % % : (RS)-2-(4-(2-methylpropyl)phenyl) propanoic acid - - & ;¢
CisH1g02 » &+ & 5 206.3 g/mol - % 1% # % 1.5x107 atm m® mol? » pKa

%491 F5 B35 475x 10°mmHg (25C) > log Kow % 3.97 5 -ki3 f21E %

41 mg/L ('Yuetal, 2011 ; %= - 2013 ; Grossherger et al., 2014 ) » 45" 4

K.
=

Fig 2-3 #f77 « 3 47 £ % (-COOH ) » % IBU 3 kip i ¥ 7 ji#
NE I R R NBEM(FF, 2013) - IBU G- Azt A L E
( Non-Steroidal Anti-Inflammatory Drugs, NSAIDs ) » £ 3 3" & ~ 487 ~ f3#
2 0E% o RLH AN E R ~ R ORM S L FReR A 2R (B

2013) -

CHj

OH
CHj

H3C

Fig 2-3 Structure of Ibuprofen (Arriaga et al., 2010)
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2.4 lbuprofen &3k ¥ 2 B F

E

IBU L& & frip A 2% men- > B3 28 Bl
( Non-Steroidal Anti-Inflammatory Drugs > NSAIDs ) 2z 4E % f# . &
( Antipyretic-analgesis ) © & F #ol ~ 4R 2 REF RN 0 KR Ko
R SR g 2 Ma L (arthritis) &> 5 F 23§ R Y SHEEF L2
- ( Zwiener et al., 2002 ; Ferrando-Climent et al., 2012 ; Madhavan et al.,
2010) » F A R FEADHF L B FABEE R E A g gho )L F
Pgd AHAHAEIELIRENREY > URDEFRRDTRE B A
k¥ 3BV R F]IBU Gk R HOER MOt pgll o & 7 IBU 38 K
RiFis T+ g% 2 “,f BOVERE O FIPt R Bk P AT O E
JER oom FORROTREAT p AR > TR R RRL TG AN RS
VoS TEEARA SRR NERE P AL P 08 5
A3 af4a7E g g /4 (Bolong etal, 2009 ) - @ IBU 2 H 3855 #-K
W2 ERET &G b e (o 2013)> § k¥ Bp7 IBU 28 @ 2%
BEFFRAPSELT AT e blde D T A S ipizimie > 2
/J?%#fd'l IBU ¢ o Fmme i s drd| oo Tk FlimiB - BBz 3 L%k %
%* ¢ #r#] 10 % ~30 %92 *sdF Pz 2 £ (Pomati et al., 2006 ) -

ECso #dp— & ~ Ftll L3 F v @ F %4 23 L #5c(50%) 2 2
Bot F TR & eng otk & 0 ECeo AR A A b TR RRE S B E
S AR R APEAR S > 2 FUA TS TR AL LOURER
SEE NI I /I% PR T IBU kB 30 9 #ds 4 120k 3 24 (Daphnia similis)
FL2F BTy AL 2P Lok R (Half maximal effective
concentration, ECso) = 97000 pg/L > & 4 3§ ¢ 4 1T 5 3 b "= & A
2. ECso 3 5.0 ug/L (De Castroetal., 2014 ) H 2 % &7 IBU #>+ 7 & é 3~

ARG A Ha R ARG 41
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BT P4 D IBU Aok 2 b e F B(RQ)RQ 24 (1) #rom
(%% > 2006) -
RQ = EEC/LCso0r ECsqo............... (1)
EEC : Estimated environmental concentration (& £ # ¥ it i3 )
LCso : Lethal concentration (2 # L #ic7 = i5)

ECso : Effect concentration (2 4= L #& 7 ## &

BRI AT L ¢ R oY X F ik IBURR 5 g F v
FAoulpEIBUER S 1396ng L 401238 ng Lt @ 4§ & fofk £ 304 i)
FIIBUER »IBUERToER % 1317ng Lt (i3 % > 2014) - & RQ 2
FHE IBU Aok ? T Bk R RA) A N(R H 4)2 RQ EA W
1.36x10° §= 2.63x10t - H @22 EPA =2 ¥43%-k 4 #4 Level of concern
(LOC) (4= 8 % 0.05 ~ 1)4pt » 7 Zag(k 3 M A)# 5 % 3% 13 LOC
Boom A (R A A)EA A M b & (Acute risk)fe & fE L4 @ * (Acute
Restricted Use )z_ & ( EPA, 2006 ) » EPA 2> 2 LOC iz 4r Table 2-3 > &+ 1
"% (Acute Risk) = & 7 &b "& B it o AEAPRET > BRFRE RN
¥ 5 &) € * (Acute Restricted Use) 5 £ b "G Bi b3 27 %Y
#ie * k#4415 & HLdETRS f(Acute Endangered Species) & #E Tt A& 1R
T A LA B o v PR E ?#ﬁw ; M4 b % (Chronic Risk) & M+ b *& B
G B o T L ARG £ FH#05(EPA, 2013) - 1945 RQs b % =7 » IBU

Y M4 55 44(0.01<RQs<1) (Yangetal., 2104) -3 5 9 5 & % 4o

1317x10° mg/L

w1, R L . — -5

A ) g 136810
6

AE(E T 4) 1317x107mall._ _ 5 3,101

5x107 mg/L
14



Table 2-3 Risk presumptions and LOCs of aquatic animals

Aguatic Animals RQ levels of concern
Acute Risk EEC/LC50 or EC50 0.5
Acute Restricted Use EEC/LC50 or EC50 0.1
Acute Endangered Species EEC/LC50 or EC50 0.05
Chronic Risk EEC/NOAEC 1

Source : (EPA,2006)

:'_ |

vl

'

T IBU $20-k 4 4 5 Jengi e B > T g 40

=

T
|

g

HUBRBRY EPATIFLAMP LS 2P T REGARE 2P
RIpN > -¢ 22 B A sgeniE B (Schnelletal, 2008) - i7# k)& 5 ngL?
2 IBU @ P ¢ k2 2 bt et micd 4 EHAaAZE D

# e 8 (Almeida et al., 2013) - v/,;‘w #I% kR B> 15ug/mL pF o
IBU $Fix#E 4 (rainbow trout ) ¢ A 2 #F 0035 Z of 5L & 4 ooz 3 78 2 2 500 o
S5 T IBUH ¥ fad o d B I - A Lk o &’rﬁf?ﬁégkv‘

ek B (15 ug/mL) Bt P o AIRB-RH Y “TRPIFIFER > B 24 H 4
Vi A F A A p R F 8 E3keo (Schnell etal., 2008) -

2.4.1 lbuprofen z_ &| it *

i A PR 38 E Ibuprofen (1BU) 2 &4+ 5 24 gl iT% >0 R
B s Rl R ERE B B~ AR AR DR d e B B g
e LBRE sk o Ao ¥ S N s RURE T R & s Bl de s
Mk R BB R AL 2 EETH GRS ]2
FOR R Rk o IBU R E # - 2R LR E E Rl R
ke 0 £ H R EWRT B A E o 4 (Hippisley et al., 2005)

7L AR S AT 2 % 450 IBU 2 NSAIDs ¢ ¢ w ' iz (arachidonic acid)

A Frdla g ﬂ:?%(prostaglandins)fri 1> % (thromboxane)=h & = » # 7 1%
i - TR A Reend g de - 3 B (arachidonic acid) & 7
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éﬁ"‘ft”?a gﬁﬁ;{/\ ﬁg N "q 8;&;3{-%“ A 'Eé"l "#‘ bﬁﬂb QLPEKZ Nak o —
3 i % (Nitric oxide)#_— FA¥F>t 7 5 [ 7 ¥ 2 44 cnd 322 5L (Shiri et
al., 2006) » » & PR * # 2 IBU 22 NSAIDs % 47/ & 5L 25 JR* ehZ

¥ % *t 2.4 % (Nielsen et al., 2001) > ¥ 7 v}?iﬂ VPR E R S Evke o

it

3 ¥ i €3k (Ayresetal., 1987)

25 FREBF P LGRS KR AR

- BT R ARIE R Y g A A3 &y ECs 2 8415 ¢
BOEER2 B IR 2 L8 LA AR 24P A0S
AN I O <O AN 7 S e I E AR Pl e R QL I ) % <=
BT SO R 4 )& 4 f R h (50 2018) -

it

% 30 PPCPs kil 5 7% K edZ R 82 F B 22 Bk o e Kby

BT PPCPs & # (B 50 K fefdd® = 3V (GRS PR 4R ~ 70K ~ 1B IR ) B 2
2ok g ORI A 0 45 5§ RIN13% ~ 99% (5§ 0 2011 ;

Kimetal., 2007 ; Vienoetal.,2007) - B # 5 RPN & KEaJ2fiil 7 & P&
VHWERF L2300 B R KRR R S AT R 2
WA FORER PR R IRTR: FEFFR AT AT
NSAIDs 2 2 *£ % § F 5 72% ~ 97% (Yu et al,, 2011) - &NSAIDs* IBUL
RAGHHATRE A4 2 - » F 2 g 8 IBU Gk P i & = F R
1 ERokE 2 BRI ERRFRPRFELT S WUE 2P FIREA S
W2 FoRE P a2 FERKFLAAFAEE R IBU § v &
i o Fpt IBU frd SRR S E O DIRE R R SES
CFE TR R A ST o Rdeg g TR & < (Madhavan et

al., 2010) -
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2.5.1 Ibuprofen 2. ¥ it S ¥ & o @] 2 5

FoYpedn S e IBU G fREARY 0§ ZAESHASARET AN G
Hydroxyibuprofen ( OH-IBU ) ~ Caboxyibuprofen ( CA -IBU ) Hr
Carboxyhydratropic acid ( CA-HA ) » &_¢ = IBU & 4 $8 37/ S B3B8 ¢ 91
AA2Z RMAEL AV A PEF REEFBF IR TR R
e OH-IBU # 33 igiETorgd 22 1 & 34 4 5 CA-HA ¥ i%
TerE 4 chl & %A F s CA-IBU AEPEF kPR R BT foR
FOIEET I ARF R ATF RWA S DR AP 4 3 ALE IBU 47450k B 0 10%

(Zwieneretal., 2002) - IBU % A 87 2 & 2 %818 S > 4o Fig 2-4 #7571 ©

o]
H
H D —_—
HO
. CA-IBU o
0H g
—| = >
CA-HA
IBU
L= o —
H

Fig 2-4 Oxidative metabolic pathway of ibuprofen in human ( Zwiener et al.,

2002 ; Buser etal., 1999 ; #= > 2013)
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3 }*Jcﬁ | * o & 2 @F(White-rot fungi) % % j2 1BU > % R34+ %
2-hydroxyibuprofen ~ 1-hydroxyibuprofen §= 1-2-hydroxyibuprofen = #& - i&
Ble R E FE R IBU S BB IS S - FEE(phase 1) -2 5 25 44( isopropyl
chain )¥ it % 3] 2-hydroxyibuprofen §= 1-hydroxyibuprofen = & i* #& = >
@ 2-hydroxyibuprofen “ 3t 4+ 5 B2 5 5 &% = PR ( phase 2 )% 3] 1,2-
hydroxyibuprofen 3 i & “#A F o Jo iz RHEL/E » 4o Fig 2-5 #7177 » @
2-hydroxyibuprofen = 1-hydroxyibuprofen ¢ ALl g *% j24% ¥ £ *5 f2 1,2-
hydroxyibuprofen ( Marco-Urrea et al., 2009 ) -

PRk s BHRmEN AR IBU 253 FE - AN
Sphingomonas Ibu-2 4= Nocardia Species ( Almeida et al., 2013 ) » = iﬂf A
FReNE- FokAIEBZ AR R A (S —"F’f T 3 B Osceola 357
R - et 3P 4 dgd koo Sphingomonas lbu-23s & ¥ it R BHA < 5 b,
isobutylcatechol ; ¢, 5-formyl-2-hydroxy-7-methylocta-2,4-dienoic acid ; d,
2-hydroxy-5-isobutylhexa-2,4-dienedioic acid = #& > 4& v * #iz i< 4 Fig 2-6
#r5+  ( Murdoch and Hay., 2005) - Nocardia Species 4& iz ¥ i S3#A P &
la, racemic ibuprofen; Ib, S(+)-ibuprofen; 2a, racemic ibuprofenol ;
2b,S(-)-ibuprofenol; 3, ibuprofenol acetate; 4a, S(+)-O-acetylmandelate ester of
compound 2a; 4b, S(+)-O-acetylmandelate ester of compound 2b > 4-Fig 2-7 %1

7+ ( Chen and Rosazza., 1994 ) -
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)

O

IBU

l Phase 1
CH, OH CH,
O <

COOH COOH

CH
H,C : HC o s

2-hydroxyibuprofen 1-hydroxyibuprofen

l Phase 2

CHs

\'"'CH3
OH

HsC H OH

1,2-hydroxyibuprofen

Fig 2-5 Suggested degradation pathway of lIbuprofen by white rot fungi
( Marco-Urrea et al., 2009 ). 2-hydroxyibuprofen and 1-hydroxyibuprofen

obtained in phase 1; 1,2- hydroxyibuprofen obtained in phase 2.
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_COOH OH OH OH
DL JON IO
o Xy NN COOH
~

Fig 2-6 Proposed pathway for metabolism of ibuprofen by Sphingomonas Ibu-2
( Murdoch et al., 2005 ). Metabolites b to d for IBU. a, lbuprofen b,
isobutylcatechol ; ¢, 5-formyl-2-hydroxy-7-methylocta-2,4-dienoic acid ; d,

2-hydroxy-5-isobutylhexa-2,4-dienedioic acid.
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CH,

HyC COOH

CHs 1a - (+/-)-Ibuprofen
1b - S-(+)-Ibuprofen

- CHy
CH Ha

2a - {-l-.n’- -Ihuprufenul : 4a o %QCDGHa
2b - S-(-)-Ibuprofenocl 4b

v Cl-h
HC CH,0-COCH,
CHy 3

Fig 2-7 Schemes of ibuprofen, metabolites, and derivatives ( Chen et al., 1994 ).
la, racemic ibuprofen; Ib, S(+)-ibuprofen; 2a, racemic ibuprofenol ;
2b,S(-)-ibuprofenol; 3, ibuprofenol acetate; 4a, S(+)-O-acetylmandelate ester of

compound 2a; 4b, S(+)-O-acetylmandelate ester of compound 2b
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2.6 1BU S#FE 4 A 45
261 AEB i R vk
dE ROk BRFERY § M RBAOERET 2 75 AT

B RFIRI RFEERP > CFHEREFEN R RFEEF IS

2HH o AR ERATFREEIRDREREIINRET GRFRN (K
2010) - A& 80 & RgF B 7 - 3F Ptk S AT HT 5 Fl4p 3 B~ ( Solid
Phase Extraction, SPE ) » # k@ 5 3B~ 412 3 4 4 P {50 47 5 gk v
PR R G RS E R R PR L 0 RS TR O S B
FRE A LG o LEEGEAAER D K o SPE & 5 @ ek 4p 5B
( Liquid- Liquid Extraction, LLE ) +“ #& > 4o * 73 &) ~ 541V 428 ~ 5 #8735 &
PECALEE LR v e PR bR CSPEL G P
B enif 4t o 4o Table 2-4 #77 o & LLE @ §i- & - ¥ &4 w4 - 5
PR LA MR EPBREPL MM A L SPE Y AR F

TR AAL ¥ b LLE A & ik BE S w ot R eng MBS AT R 1F 4R Hh gk
PEEBGGLR » 7 R TR @Ik L BT T R %
FAOFT i HIfokE i om SPE E A WA L A AARE L2 F
SIE R BT A ko g3 IR S R PR BE L R G R

#|# SPE % o d Table2-4 » ¥ ru 5 7| SPE Hjtrk| 4% 3f 4f LLE 3k gL > ]

‘Eﬂ\"\

SCE R SPE LIRS fugF § TR LT BB S LLE gt RJE S e R i
B* by SR W FRREL TR FR RS RS HE S T
§ 4 SPE &R AL IE (v A R B2 S (PR 0 2004) -
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Table 2-4 ZA4p-% 40 5 B~i2 2 HAp F B2 b &

EPp R-iR 5B 4 3 B~
i BH 5
it 2R % &

a2 ; &
AERE = |

TR 2 4 v

¥ F oo~ AR B RT
- £ ®
pditiER 48 %

FHL kR : B> 2004

262 ¢ Mgk 7 F # & ( Liquid Chromatography/Mass
Spectrometer, LC/MS))

LC/IMS & #-%4p & +7 & (LC) o % ¥ &( Mass spectrometry, MS )¢
B ke b o fE AE O LC LFH RS lE~ F o A MS RIL
AP R AT RANASF PR o F g LCIMS BF N7 B BFRIFE R
EATR > RSB ATHRNT ) BEFRF S TR S Y 0 LC Rk
AHHI A AT RE RS PRBREET - - 20 8 BRI D
AP Er FHRRE- SRR He AR AITTHRLE ¢ &
#r =+ & ~ lon transfer stage ~ Q-g-stage {4 {7 pF & &~ 47 B ( Time of flight,
TOF) - 4r Fig 2-8 777 o

FHRIAALE LD 2 fEffor e > 2 &t 5w B Rk T
B, e 3 A2 AR Y R ) TRtk LA
- BELH P PRSI TSR > 2 R R H > S K 8
BiAL K 0 R AEE B BN RAR KA 3 AO~A3 e B R E 0 A0 £ 4T
s S RECALIC A2 S FEA TR LB 5 HES* 3 (parent
ion) > HEA* THEB L T P AL T REFE S A RETL 4T
TG e ERET R EAAGRT > R R RS ERF
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T B AR fed A3 AR R ERFEF B (collisiongas) s & &

SHTRRENERY CRFFHT A F CEF AL G A
& OLH-EE 5 S R AR AR R o S haidt AR - L
TR T ERNELER S IVTE Sy SN TN CE (N QN N P TY )

CUE TR T RA 4 -

BEER A E

A0 Al ﬁ
A2 A3
3 3 - 33 e ot
U ——m M ks PR
=) — )
]
I /=

Funnel 1 ~ 2 @;ﬁ:_g};‘g;ﬁégﬁ;); 3 ,
\ J

Y |
lon transfer stage Q-g-stage

Fig 2-8 Schematic diagram of electrospray ionization

2.6.3 3+ /& (ionsource)

Ttk g+ hA RS A4 g+ hk ¥ (Fig29)  Akrirt g it
Egpd TR AR A AT BT (miZ)F R EA e ik
Rl » S3p+ R B3+ 8 ? B/ ST F 5 hpsd o pw Fﬁ*?‘}fiﬁi
Wi r g+ it 2 Y LR e 542 (( Electrospray ionization, ESI ) ot &

%}%E’ * 75 ¥ (Spray chamber ) ¥ g 5 % E&{ovf % 5 (spray shield ) z
FE RS T FibF(N2) ket om 4o F52% 7 4 (heated drying gas)

A UApF o e ew i (droplet ) Kk FTEA 4T o F)poA S
(ionzation ) » & & #~ B 5 120°C 2 365°C » /ni# # &l = 1 L/minx 12 L/min >
PR F TR BEF R 0 N AR (waste) o B L enfk R € %

I %o WL mF (glass capillary )  chf BB & B %A
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(negatively biased metal-coated ) #iw51 > @ BIFL g cir v 2 B 7 k3o

& VFI*. % £ ’ft‘ , Ea ‘m? W o2 me;}gi400Vm‘L [l 7}_( pOtentIal

-+

difference ) » F]4t € #-gp 3+ A E 7 & eh™ (78 > 4o Fig2-10 #75% o

Dryinggas N,

A\

7

Heater J

Spray chamber (3 ¥ Tag+)

Fig 2-9 Schematic of ion source

PR R ES RO ESI 2 bR A RS e
(Atmospheric pressure chemical ionization, APCI)fr ~ § /& 4 & 2532
(Atmospheric pressure photoionization, APPI) - alxi’! g2 ESI £ 8 3 & A0

APCl A M-EFRIP § it f i A F AMgd T3 ibp®ae 3 eiFi 84

221

NS

A eogs B E - T A ESI LA § AR REE § 3T i

Y

FEAT B GMT o N F AT S ST E - T APCIL & i
BT B MR BTSSR M o 0 @ ESI AT 5

AEFEEFEARLFLFIED G oA RFEF P EARZ R H B
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LRI AT R T & RS A AR RO S 0 F TN R RITR

BPORIRE S PRtk E e

Nebulizer
Sample inlet (grounded)

Nebulizer gas inlet (N,)
(pressure controlled )

Spray needle sheathed
with nebulizer gas

Spray shield(-3.6 kV)

I/Heated drying gas (N,)

T . )
\ Glass capillary inner

(0.5mm)

\ Capillary cap(-4kV)

Spray chamber

Fig 2-10 Schematic diagram of spray chamber
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2.6.4 % vf L #5842 (electrospray ionization, ESI)

e ?/b/’?"“ FERAAARY Ak %‘r%?lﬂ’{ B E g 47 o FH i
FEBE - o VR TAES S AT B SR
Mo ZFu* FERT RO NMRIE AL LG o AP - R
RIFE R > B - APFHLE &2 D] a0 (58 > 2010) -

a_,?/ﬁ’ #ﬂ'—/z'«k’ﬁ’”ni’gﬁ’f’f ﬁﬂ‘%\'%’ggr‘ﬂ/ﬁlz*iﬁﬂ"”/é "“T‘FJ FST_;:@

(R B3 A5 20~40kV) LmE I A3 R RALNTHEE IR
Y el f A s L P % F w4 § 73 (Negative mode ) 2 &
T3 (Positivemode ) 4354 f R 5 B0 f RS § FIRE T ARITAL
g oA THFPRRERMEAG R L wE XM AR S EOE T

Tl o A 2 A e TURGF 0 AL 5§ #440 (Taylorcone) o 2t B

\

Fhew L wmE TR S SR OF RRFT € *\%’ R R T A
koo gt 5 TR % (Electrospray ) (55 > 2010) o @ iz ¥ F R R
ERFIETENFTHFRODEC > AFRBEZTORLET > RFP D
B g P A F L EFRF OS] > Ao TR QBB A
T R FEERSEEs R4 MR TR TIRF § AN L eirif o 78T
AR AR 0 S fE G E 6 RYF (Coulomb Explosion) ©

EGERFIBR AP EEBTHRESRLE 6§42 - 523 F F 4R
Jrehs S S > AFi B2 L wmg (capillary ) e 3 BB R EHRE
B L KA T B SRR R 0 F RS E AL F
ML R B R FRe KR 43 54 (coulombic repulsion) < *%A
ek g R4 X DT HIEY @ RFEF N RAT R (Rayleigh limit) -

PR L € d B $*£—a ( Taylor cone ) = =heg JEE &) ok » izt fie] £

¥ %”%?ﬂ&ﬁﬁwm%ﬁﬁﬁﬁ’ﬁﬁﬁ%ﬁgﬁﬁﬁ%’ﬁﬁ
~E f% F] %’i{/l /}Fﬂ‘p’?ﬁ%&ﬁ/ﬁi‘géﬂ’%é%?ﬁﬁjﬁﬁ
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x4 AR /Ii’/ﬁr ko R4 PF O F T ‘Lni’/ﬁf ] @7 %fﬁﬁgJ%)Fm@ ’ 1«“‘*5'%

VORBCH BN TR S S0 o TEPFRR AT LB e Fig 2-11 4757 < ESI
B R AN AATITAL ST > TR F A RPS T T AT
Jedp BRI (1 % 0 2012) - P

*5 I%ﬁi’ 2%

w8 R A

AR 2R
4 L
F tndp

(B)

Plume

Needle tip

Fig 2-11 (A) Schematic of electrospray ionization mechanism (B) picture of

electrospray ionization (f % - 2012 ; & > 2005)
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2.65 3+ ®#H & ( lon transfer stage )

lon transfer stage ¢ 7z & 3+ B fo &8 > £ 45 /K- (funnel 1 -
funnel 2 ) ¢ 5d AT LT IRL Y T@ﬁ%éﬁ@&ﬁﬂiﬂ%&; @,31%]#9 v
2T o 4o Fig 2-12 - Fig 2-13 #6757 « # i+ @y F fos g B39 15§ &
PR o FHUFECRRBATE BRI RAEL SR T DT AT
Bl FehRIEE TR KMBH o0 L Bruker 2 2@ E 2 - o H 31 &P G

AT § WA RS A e 4T g > DB A Be L 2T D e iR

BRI A o @ gt Yo+ @ﬁ%]@ﬁ_t‘ LI HKRE AL I MTIRAA
FART o I UUF S AR AET R G S Ee 2 # i o Fig 2-11

PAQlfr Q2 FEMARBRE TR T AGSL TR kg4I
oo T4 % - @KL (funnel 1) enE (i LRI eI 5B
Bl (funnel 2 ) @ s = Bk P Exh AR mAE S RS (In
Source Collision Induced Dissociation, ISCID ) - funnel 1 4z & 7 &I #13 e
Er2Z I o FPLRF] A FERBOREFTH  LRLIREEG &
352 AT T g BT 0 @ A R T el § GRS R T e
MR o A 2 WAL funnel 1 e0d v Bk BN > HIFL g
€A T A S € TE MRS m@%]
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funnel 1 RF funnel 1 RF ;funnel 2in
X (l_"ﬁ'“ E funnel 2 RF

.!1 funnel 1 out .!f[ l‘L_O T .
funnellin L | r—— | 4 I l_o 1
L | [funnel 2 ofit !i § l
)
o T
= I ks

U
I .D[

|||| -

Q2 A
|||||H i gatelens7§_’

Q1 focusing Iensé

(funnel 1) (funnel 2)
3 mbar 3x 10 I mbar 3x 10 “mbar

Fig 2-12 Schematic diagram of double ion funnel ion transport ( Source:

Bruker, Bremen, Germany )

Fig 2-13 schematic diagram of conventional ion funnel ion transport (Source:

Bruker, Bremen, Germany)

30



@ i@ f funnel 2 14 > #&%8 ( Hexapole )i & &t it 58 3% foid-gpp
FRE e rf TR B3 20 F WL 0 @ @ 581 E funnel 2 shd
FRER- B YA BB ASRE- By LROPE (gate lens ) fr
- BE E 4 (focusinglens) > ¥ #-gatelens & BA T &+ » k{3 4T @
$5 > @ focusing lens 3 i-— B3 § sk LA RS 0 B4 T Rl A
7 o

2.6.6 Analytical quadrupole and collision Cell (Q-g-Stage)

Q-g-stage ¢ == {&48 ( quadrupole ) frzidi % ( collision cell ) - » &
BWMIER LAY $- BFEAITE (massanalyzer)> H4t* kit i 7€ &
JE (massfilter) X~ p EFEA IR T T EFF oz BHTE AT E
#£3% 5 A Bl4rFig2-14 i1 > Ha & d w2 g Eiiresa §
it 5 Cu-Be #rle =i ey w2 A2 & A5 Y A2 25 TR
P LA - BERILSE PHOTERENTRER RE TR (do)
BEHRRR (rf) Eor o Y gD w - JT AR~ de R AR X fh
we- TR r 2o de AT 08 rf & Y #hehdpizdp £ 180C 0 @
dc 2030 f AT SR F4T i 4 - TR 2 kP
AR R RS R AR IRP LGS AV e
BAED FEERIBEARBRT > B 33 FEIRF2 3 P gRFD e BE
B Ak e o

PRFR 2T AT HY iR Aot h e degof §
BRent @ BEikdF do forf @Rz BT R doforf 78 R
FRERT AR 0 R TSR e RS TR
FALL FRBRE (MassFilter) » Pt ze % de forf e BT & 7w 154
PR A O EEY PR T E RS o d e il kI H
fepe P 3+ o i 3 LR 35 2 T E 24 ( Collision Induced
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&

Dissociation, CID ) » @& * pidg 7 ¥ 5 § # & £ & # ° 4 Fig 2-15 #7571 - &
TREFRARLZFEET e WA AR AR - B2 H o
did

3 TR RRA S R AR EE 0 T L U A

By
1
[
0

k'
%
~

FohE T RI 2006V s Fl AR E P PR Bire A 2 P %R
o ERPIFFLAL A G E D RE Y Bf BB E AR F MR A
@ Fig 2-15 ¥ 1 gate lens 4w transfer and focusing lens 354 3% =5 ek 4+

@ﬁa?li REFFFEAPFTEBRE &5 AT DRH -

2.6.7 # 7 @F (Timeof Flight, ToF ) ¥ & &# 47 %

¥ 7T (Time of Flight, ToF ) # & A 47 B 25 d 3 = 25 4 e F
TR BT Pk e ATEY  FRAJT RS BB e Rz
RHE IV RRROER TR oMz AEF o HUFER M Mz AR
HEFEIE o HERE R 340 b F 5 (reflection) 7 0 f & & 7 s

B B4 B AR A4 BRI R 0 e Fig 2-16 #7 o

Fig 2-14 Quadrupole mass spectrometer of Schematic diagram
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o | | collision gas inlet

~ [ collisiongell rf
| =]

LQ
_:l:ﬁ

a

:IJl 5
=N
s

gate lens

transfer and
focusing lens

(Collision Induced

Focusing lens ; -
g Dissociation, CID )

Fig 2-15 Analytical quadrupole and collision Cell (Q-g-Stage) (Source: Bruker,

Bremen, Germany)

Reflector

Orthogonal
Acceleration

Fig 2-16 Time of Flight analyzer ( Contains reflectors ) (Source: Bruker,

Vacuum
stage

Bremen, Germany)
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=¥ a3
31 RSk ARK
AR 0¥ R FI2 BORRIT R FEEF R~ SR K F R
Wole P 2 GEME R e S FR B EF R R A R 0 IBU B B
REFHF JoRE DR L 0 MO REEF 2R FIRT R ERATRES LY
Ibuprofen (1BU )ev {71+ » ¥ 1 * % »zic k40 & +7 &k (HPLC) 4 45 IBU
BB LA et 2 KOREP IBU AR SR AL e PR R e BT g
7R FRAE IBU 2% 29 % 3 42 & IBU 2. Monod Kinetics #+ 4 & > &
FHRE RS RIBERF LCIMS A 47 > 484 IBU S5d 4 3% f218 1 &
A RBHAF 0 AT 2P B A2 Bl 4o Fig 3-1 -

3.2 'ﬁ-‘]ﬁi/ﬁl
Fyigr oe %%»i@%f‘%@"}i@@f&i?‘é'ﬁﬁf“ e P ART RERY
Yoo S BCR B R 2 B E A S Y FPR TR 2R R L fE

higE B R RY EA T2 P RER 2R

BAAY D F i

AFETRY2ZREEAMKEY AR E KHPOs» 8.5 mg/L; K:HPO,
21.75 mg/L ; Na2HPO4 > 33.4 mg/L ; FeClz - 6H20 » 0.68 mg/L ; NH4Cl » 2.7
mg/L; MgSO4-7H20°46 mg/L % CaCl,-2H20>36.4 mg/L ( Yu et al., 2006 )-
BE AR E KHPOs » KoaHPOs ~ Na2HPO4R & 73 5 — ¥g 0 5 solution

At 5 % ; FeClz - 6H20 ~ NH4Cl ~ CaClz - 2H20 = &% 5 — 5> 5 solution

>

Bit % /%% s MgSO4- TH20 8 7% 5 — #%» 5 solution Ci% & /3 7% » & solution

i E ER4cTable 3-1977F « A B R 2 2 2R T 4o r T - BELS
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FnpopiaiRps pE 5 R51000% R & 2100 mLE 43 kg -
R ARG R o I R RS £ AHIR10008 X A% A

e

Table 3-1 Micronutrients of composition and final concentration

BRLH 9/100mL

solution A KH2PO4 0.85¢g
K2HPO4 2.175¢

NaHPO4 0.334 g

solution B FeCls - 6H20 0.068 ¢

NH4CI 0.27g

CaClz - 2H.0 3.64¢

solution C MgSOg4 - 7H20 46

Xk (Yuetal., 2006 )

TR R FE (1217 ~ 1.2kglem® > 304 48) £ - B FALE 4R o
BPETRBD 30 ABEHT BT EGF AL TN L AP (P
2012): 32 % S R Ffs4e » 20mg/L IBU &5 % 7377 1% F 4% IBU
AR A ek RS ML TrrE - BUR 0 R e r PR S B R 2
10% > 32 % %8 (25°C) ~ 150 rpm & #F (Sk 24, Shin Kwang) ™ » 24| p& &

’fi—:’f9};}'@-%g§é 5 X o
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Sample
( Hospital, Municipal, Taichung
distillery WWTP of sludge )

Culture
(Tbuprofen and medium composition)

el

Water ( COD, SS, Test biodegradation of 1BU Different concentration of IBU
pH, tenperature, (aerobic, anaerobic) (5,10, 15, 20, 30 mg/L )
ammonia nitrogen, \(S\PE
Nitrate nitrogen ) / ) —
and IBU analysis MLSS HPLC analysis Monod kinetics

(‘bacteriagrowth )

UPLC/Q-TOF/MS
analysis

Analysis of
possible
metabolites

Fig 3-1 Flowchart of experimental design
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3.4 lbuprofen -k;3 g

AFT G AT fhgok G AR 4 B Rk ek o B AR # (A4SL,
Lotun) & & 32 i 18 25 = 4k » B #F 4 kKB 3 Millipore Simplicity
System ( Merck Millipore Inc, USA )& K Bl 48 > e FIEH S L (s » £ 5§
d 022 pm JRERTS > A2 Pkt 2 B R(ET R A 182 mQ-cm) o
B3I R R R PR TR D2 BRA BRI B (372013) -

AEG TR Y 2 IBUREH RIER S 20mg/Ly @ "5 3 sk erie * 2 IBU
kR 5 5 mgll &&f?&i’gﬂwg%v‘ IBU 5 &> 3k8 Y 2 kR > 507 LR
BHEHWMERZIBU 2 5 @RLFEREZERAN S AT HRREAS TG
2013) - IBU #5% ki pe » 24c™ DA f=40mg 2 IBU 4 » F % %
FAPEI ORI R I WL RDRE AT ETI 3 XA VRE
OB BELAEYRIPBI T HFL4C oA PFLEE T FER Y

FUBEFRRREKRE R Aot o

354 EpHz 4 EER

- B KRR R IR G LR R P S R TR Y LR
MER (25C) FABAEER ML ERRERIFR 2 P2 R
e pH BRI 42 (pH =7) TEET &

361 EF AL
% 5% 500 mL = &4aa;35g(Erlenmeyer flask) » 32 % A e
R sAM Az ALY K 1941 mL RS R R B F A

% > A dcE® Y % B4 Table 3-1- % 100 mL & 4 » 0.1 mL solution A -

solution B~solution Ce e » 1 i ejic & F & B {572 (7 B 8 % B = #(121C ~
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1.2kglem?® > 30 4~ 4&) © 32 % ¢ Fis 4 » 20mg/L & & IBU -kizie > 1
FORMAFEI A% 2a 4k R Smg/lo (E A AT - R
FE R AR S R A2 10% > B F At S 300mL - frF 2z A4
VI AEBRH BT ¢ ReFHN > FL X2 F RX#: 5% 24 pF
- o RS 1ML REERSEG AC BT RE LS
#fs » £ iE{7 HPLC £ 47 o

362 R¥ 2%

~F1 3 @ * Hungate = "ﬁ # % 2 (Hungate, 1969 ; Byrant, 1972 )i& =
dog ok kA k3o T FUAF LA B AL RF TS HRE 2K
ok F EBACFIg3-2 4t o e 4 p R- ¥ SR R0 K
ﬁﬁ’ﬁ%é%iﬁ%iZwtiév%¥$§%§1ﬁ§éﬁ%ﬁ§@
BoFHFEVZAU I FREAFSUREBRI B LS £HEFE AT
B4R ko % FMMAY ATT FUBF12 3 E (250C) 4 507
FRtea, 2% 4 > EFFHeF Witz pa(e»2012) & 4o™ ¢

—A
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2Cu + O2— 2CuO

CuO + H, —» Cu + H,0O

1 OO O O ©

o

+
20%CO,

Fig 3-2 Schematic diagram of Hungate gas station (#» - 2012)
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B63RIBEFA

*EF R * 2 RE 3 & & (Anaerobic medium ) i LR B oK A »
SR AEFLN TR F F 44403 60°C 0 4e ~ 0.5g/L Cysteine-HCI i » 4
£r 3 %8 -0.59/L-Cysteine-HCI * B h & A B2 X %3 100 mL
RRF s FALY 0 B A& AMA S 37.35 mL s £ 4 » i ¥ & £ solution A -
solution B {= solution C> 4~ Table 3-1 #7757 »# 100 mL % 4c » 0.1mL solution
A~solution B 4- solutionC - 1 & * & 5 % e n-butyl 9% & & dsgr 3
R AET R AR HE RS 2 P o 07504 &S F( 121°C -
1.2 kglem3-30 & 45 )ois s 4 » 55 BRI 715 k22 0.250/L NagS-9H20
5 B R > £ 4~ 20 mg/L G5 # IBU Rz o U F BMEHFRLI T
AT 2 A4k R Smg/l iR A A A rE- BB AT A BK
WA 10% 5 F BWASOML: 1} RF & F ek i %GR ¢ §
GFIHMOE L RfE o F Ak 5224 FERE- O REMAE S Ll
FEHRSEFEFAC > EFH=F%F BRERE > £ i&(7 HPLC 247 -

3.7 H4p % B~ Solid Phase Extraction ( SPE)

3 % #ri¢ * SPE (Phenomenex Strata Cis-E (55um, 70A), 50 mg/imL )
Gk FAU FRE AP P RS L2 B4 ivr o - RS 44 IBU
SRR A A PR SE P e BB A A ImL T E R
4% Cig #fde? e o B8 3 ML ind g5 kMR § 2 7 R e
FERESImML & T AR g4 Cgdid» £ 1~ 1mL 03 3
KR &P e R Bt I mL 0T fR sz IBU T R
5 022 um JE BRI E A 2mL ¢ pImEgd > @ ¥ g7 HPLC A 4%
(¢ 0 2013) > # 7 AL WA Fig3-3 97 o ¥ A5 BH 41T 3% - Bolsg2

HhF £ 4o Fig 3-4 #777 o {i(Cartridge) A& (7% — ¥ ZrpF (Clean - Load
40



sample ~ Rinse ~ Elute) 7 #- %R M 2 B4 35 25 e H S 5@
fenif g st e o it (7 AR SR B0 ¢ AHP 4 BURF T K

TR EaB RS o w e F EE 5 100% -

| :.::. car E:.: ” %oalsalmp;g | R I:.:t:
‘ % ol %
AR

O :C;; ®: methanol @: H,0 ®: target contaminant O : contaminant

Fig 3-3 Schematic diagram of solid phase extraction

1!"'! y |l1 I
R

CAUTION
Mooy u

Fig 3-4 Schematic diagram of vaccum suction device for SPE
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384173 i3
3.8.1 -k A 45 (Water analysis )

AMEORHR KR S Y RRFR S o F Ame RFTRY T oo PR
2 Bt R RdR R i iR et i kR e TR F AP AR R A pHYE R -
SS~COD-~ % § frApe®§ SS~COD~ 4 § frA pe@§ 39 * Ttk *7
2 {5 = ;2 NIEA W210.58A~NIEA W515.54ANIEA W419.51A 4= NIEA

W448.51B & {7 4 47 o

SSHh & #is & w {3 BiR 0 ~ 103~105C 2 Wfaic 1 45
o Tedrdpgmiapie 2 & LRSI 2 k2 gsa
mAER RS~ 103~105C P I EE Bt £ 8 T
FRFFME  BRFHMER I BRFFHE SR RA SR g Y E
s Hipird RAFMRRDYHES > TELZEFARLE

EFHIL AT & F FARYS 2 kB 40~ = & f4 (Hypochlorite )

NS

gé g

A
(w

RSk F o € A2 FES 24 (Indophenol) - i3
A feds § i 40 (Sodium nitroprusside ) it iE s { 4o s 2 o Ak £ 640nm
Ty A sk sk B 2+ ( Shimadzu,UV -1240Japan )ipl 2 H e jzk B k2 8 % §
kR Y 1 asf&H (cuvette) pF o 22 W RHRLE 0.01 mg/l o B

FORAT > FABSTE BRATRERIFRZRMLII4(VIV) RES
mF VAE R (R W R ) PR R SIS 05 mL 2t 15.0mL FEE N

% =% i 0.04 mL =3 ~0.04 mL L ppds s it4%/%% 01lmL 5

HARE L (F X e - T]}?‘;éif;ﬁﬂ] TRLIL) FENFERZEY > DUE
- BEMY > Agpd v 24 o pEu o s bk RZEPIE H Bt

o F AR R R RS R RS R RERRTLF

ERGT HRE R AR T AR ST
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FEBE 5 #ok RSB 045 pmo F 1% kIR BT B85 e
AR £ 20 pFF kIR G o A AR B A 275nm T 2 sk s 1w
kBRI THEA L LSRR > 2220 nm do 8- 275 nm 2 S Bz k B
kT EARBF RR o RITAEBE RRF > PRFEES 05 mL *t 15.0
mL ZFEE P o $4e 00ImL BRBRIBIRE - FENFTELZR? > 10
FRE P o B sk ztplE g Uk > E2HiTHE
BOBB RS R EF r R ERRTAEDE ERT T R
B T R4z o1 o

“HFFE(COD)HERL bF BF Y G 049 Rk o bex kR 20
mL > & 74 10mL £4episnfo 30 ML £RAL4L + BSR4 2 (5B 4
REFE 2 L F SR RELIT BE LR 3 FERH
( Ferroin ) 34| » B i8 % AR L 4B4ER R F T TR E AT E PR T 4B
g kR 5 0.025 Mo jf BB BB S o MR F RN B
Fr (31 2t EHEZER -

ngTs g(mglL)= _(ABXCx8000 (3-1)
V
A ozo 2 mik I BARF A (mL)
Bt kR 422 mrph I 4B 4% TRAE(mL)
C: Frph T 484%F Tk 2 X Bk & (M)

Vi kA (mL)

3.8.2 #&2 $ 2 & ( Microbial growth)

AETAIT S RRF R BOR ARSI B R R LY AR R F
T T s 2] B K BRI B S MR P enjic 4 470 3 buprofen 1T A e — B
oo TR T2 2 NIEAW21058A s Bl & F A2 E & Tkt 2
2 E R e
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383 B it AP A ¥ &R A #7372 High Performance Liquid
Chromatography( HPLC)

AP REAITLRY FARA AP TR (HPLC ) &7 A 47 0 H
¥ ##s4p 2 niki% ( mobile phase ) %} ckAp-T BhdvE R R &G H84p-
¢ g~ (acetonitrile, CHsCN, J.T. Baker Chemical Co. ) - & 47 ¢ t1.2 it %/ fie
W Ap @ 1M 7R RZRAT DA 6306 g 7 R4
(ammonium formate, NHsHCO,, AlfaAesar) 7 & & 100mL-1 M z_ 7 f& 4%
fefllzis > B~ 10mL1M 2 ? fidsse » 500mL 2 B5g7 28 0 7 e
AR 20mM > B f82® B ((Formic Acid, HCOOH, Sigma-Aldrich ) 4
BpH EX 32+ 012 RipinkiR (7 i) fof #apinxi
(e ) ~%&* 23 FF (DOA-P101-AA > Gast) ¢ i fé (0.22um
M)t BRiR it T AL R ¢ (5510R-DTH, Branson Ultrasonics,
Mexico ) B 5 4~ 45 - EEEF 8 HPLC @ iF 5 B Apinieie (Gr o
2013) © #5415 F B FP F B (SPE) # Z 4 7 i {7 HPLC A 45 o # #
tpzo-kip s 30% 5 3 #8549 5 70% > i 5 1 mbL/min o

AR SR g AR BAR kAT &R (HPLC ) » R Ap k47 & i
£t % Shimadzu LC-6AD pump: 4 +7 8 @ % (UV) % Shimadzu SPD-20A -
#pe ki 41 ® ( CBM-20A, Shimadzu, Japan ) #f % = > Shimadzu
CBM-20A : ik B # T "848 o lbuprofen 4 454 & % %5 254 nm > &
7B H R A *  Agilent Zorbax SB-Cis> F t1p /=% 4.6 mm- ¢ & 5 250
mm-> ZE PR ici: Sum> FRERDMZZERLET c AHR

Rheodyne 7725i » # 54 172 84 5 20 uL o
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3.8.4 40 & 47 # 5% ¥ 3# & (UPLC/Q-TOF/MS)
3841 FHAH

FHAA TN ER*Y LA FLh T RIFT TRAPHITP BT
¥ % ( UPLC/Q-TOF/MS ) ( DIONEX UltiMate 3000/Bruker micrOTOF Q -
HI) k& FHA47 0 @ % 3 Jha & 5 % F R4 ( atmospheric
pressure chemical - APCI ) 2. & Jf#¥3t;% ( electrospray ionization source >
ESI)> # #ri& * ek 75 B( Nebulizer )% 2.5 2.0Bar iz # (Drygas) in
£% %5 8.0L/min- §z7% #:8 & (Drytemperature ) % %_% 200C » £ ‘w
# (Capillary) /&% 3500V e AptFm 3 M f 3 N7/ K 0 2 FH
(fullscan) - %445 # % 5 50- 1000 - # 4+ (Parention) 2 p 5 &
(targetmass) 5 m/z205> =+ #+ F& 5 m/z159 > ik &4 {75 FRIDE 7 H
105 P~ (SPE) k¥5Y K 022 um jpije > £ 3 & 2mb 74 gL
FEv o LC/IMS 2 UPLC /e A 24 35 -K4e ~ 0.1 % »ﬁﬁ»‘ri v ki B
B e HAer 01% Frpe o iR S 0-25 4 &iniee A 90% 5 i
B s 10%25-27 4k AR 20 sinkig B A 1 100% -~
27 -30 A #inieid AP 232 90% ik BT'1 10% » &L
R G 2 pbo oni 5 05 mU/min H B A = 0.05% 4pHHiERE 5 L
(RSD) -

AP RYDRBLIASAEF R v 2 AR ETRFETE
;U F 3% & ( quadrupole-time of flight mass spectrometer, UPLC/Q-TOF/MS )
B3 hi TS 0 B85 4% - B S & (Hexapole) fr— B
48 (Quadrupole ) > ¥ H s L 3x- REFFEFFE L7 % ( Time of flight,
TOF) - BB MivHRpI G E BIES) §- Br ek i &
FSLEd AR FAR ST & ( collision-induced dissociation,
CID) > side 3% % 48§12 F J&( collision-induced dissociation, CID) % ¥ 55 5 ¥

2

R¥ - S FHER A GRS BT ERE LT i T A s
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(parention)» &2 fr i+ F Rpidt & 4 s A F4a2F o 252 - A5 F 45
(daughterion) £ 5d TR FE AT EFFERIE - 23 B
R e ¥ o A AR A < SR F A 82 oTi 2 ToF V& B R E SR

F AP RS iRt R S Rk e

bmb’

%
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bz i = Ay ]
4.]. \,:; v %%@;‘Zﬁg ’k:ﬁclﬁu}"ﬁ(d 'Uf\'—” /m (n J\‘f\'-"-—lln L J\
(A
KRB~ 4738 B % pH ~ temperature (C) ~SS~COD > & ¥ X4 ~ 45w -k
TR o o 5 ¢ FRGR IR Ko R kK F A 19 Bk 4o Table 4-1 47 77 o
H SS~COD-% § ~AREBAFHOURKRTEESZEGFA47 o ¥ hs H
T3 WA REIER R A Rfedinkigim LA IBUER 47 - IBU~ £ §

FAERFRESN O Aot s 2~ Z 75T o

Table4-1 5 ¢ X% ~29¢ 450 ~ 0@ -;m ik (Inf)fe ik -k (Eff) 2 pH »

MR -SS~COD-~ 5§ AEAf2AH
e ¥ ORR e ¥ AT s ¥ PR
Bpl Inf  Eff(removal) Inf Eff(removal) Inf Eff(removal)
pH 7.7 7.5 7.2 6.5 7.6 7.4
BER(C) 30 30 30 30 33 31.3
SS 828 15.0(82%) 26.6 2.6 (90%) 225 30.5 (86% )
COD 270 42 (84%) 39 15 (62%) 340 65 (81%)
%% 29.3  25.3(14%) 6.6 0.4(94%) 9.3 0.14(98% )
ABRE 4.0 1.3 0.2 5.0 3.5 0.4
IBU -2 1317 -2 ND?3 -2 ND?3

188 COD 4% ~AWp@dFEARAE = mg/L;IBUELRE > :ng/L
2. not determlned
3ND, not detected

Yp etk R F R % k3 % 1030005842 B o i I oeamin kiR
® %%F%F k2 Ay kg % COD % 100 mg/L - SS 5 30 mg/L -

5P OR TR EJE e -k 2. SSHr COD Gk A& A %) 4 82.8 mg/L 4270
mg/L > fe 53 B K IR i {8 20 d1in -k SS 4w COD k& 4 % & 15 mg/L v
42 mg/L > ﬁi’a?"&*‘v?%tﬁ kPR 2F 5SS e COD 4 "f Faul i 82%
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fr84% - igji-k2 COD kA & (R FI¥ it 55 Frasok? 29357
FEH x> a EH5 5 5 FPER COD &% © #iRl Fredin
R(EFf) IBU T35k & 5 1317 ng/l » &7 3 ¢ HAF Rk fRfom 45
FRELZEZ LR add{fctr 5 ®wAIIBUER » » %35 1396ngL'1~
1238 ng L1s 355 1317 ng Lt(f 2 % > 2014) o Fptda s R F] ¥ ap % % %
frd 2 FRMFEALMERR A EL Y - FEE & IBULE
NSAIDs » # % & F 24 ™ 7 A ERREF © (IBU &5 3 X~ 47 ~ 38
2 AW o B N R R BRI FI RS LY T F TG AT
IBU ik & -

o AR F R EJE kiR -k 20 SS e COD ik A& A %] 5 26.6 mg/L - 39
mg/L ; 41i%-k SS4- COD ik & A %] % 2.6 mg/L 4 15 mg/L o ik I i % 3
KRR T B R AR R RJE R R R R R K
LR IR R 0 SS A R 5 5 00% 0 @ COD g 5 G 62% - diinck
2 A F AR (5mg/L ) igin k(0.2 mg/l )& eh 7 i R FEE K AT R
RFAF AT I g wmA IR PR o A d ik (Eff) &
IBU ik A& -

o ¥ FPRGEIR k2. SSfr COD jk & 4 % & 225 mg/L §- 340 mg/L » ¥
g R FEUP R R E R B 2 0 Tt d S COD RRER 0 R
7 K RIE R H KRR R DRI > Bk SS e COD kA A H) G
30.5 mg/L = 65 mg/L = SS % ' F 5 (86%) - COD 2 % % & (81%) « &1

oK (Eff) A% IBUER o

42 FREk b F 2 RE FRT IBU 2
RET G AR E R K 5P B2 BOR RIS RUNE R 5P
AT R TR e s A R e o ¥ PR e R el i Ok o 4

o frRE AR E 320 H = F 38140382 A4k R L 5
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Ibuprofen concentration ( mg/L )

Ibuprofen concentration ( mg/L )

mg/L lbuprofen i% % vt — ik > » 35 & 3
LATE 2 RE FRTRTASEIET %R

/ﬁ- 1\1" ¢ ﬁ}){ = ri/'i ;ﬁ- ‘ff’ﬁd I /1 /‘}":

%8 (25°C)

2. YA L
o {8 W H AR

¥ ez IBU 2

T~ 27 (150rpm)
BIEF R S ARY B

s R R E 4 F e

FRF EETERRIER 0 S~ 47400k B S5 mg/l IBU ErE- BUR 0 F R Hc

L5 o & 24 pREHR- X HERALA
CEIETES FYS % T ST E T

v

-

1 mL #&EHR&EI2FET4C

7 HPLC 4 47 » % % 4r Fig 4-1 #777 -

(A)

—<&— Aerobic degradation of hospital sludge
—#— Anaerobic degradation of hospital sludge

Ibuprofen concentration ( mg/L )

71 —e— Aerobic degradation of municipal sludge
—m— Anaerobic degradation of municipal sludge

(B)

T T T T T
[o] 1 2 3 4 5 6

(o] 1 2 3 4 5

Time( days ) Time( days)
6 6
(® (D)
= 7 5
S 3 =% = I
=] * T
4 T 4
=]
IS
3 s 34
e
S
o
2 4 ‘g 2 4
S
1 4 e . _E 1 —&— Digester sludge of distillery under aerobic
&— Sludge of distillery under aerobic —a— Digester sludge of distillery under anaerobic
—&— Sludge of distillery under anaerobic
[o] T T T T T [o] T T T T T
[ 1 2 3 a 5 6 o 1 2 3 a 5

Time (days)

Time (days)

Fig 4-1 Degradation of IBU by hospital WWTP of active sludge (A),
Futien municipal WWTP of active sludge (B) and Taichung distillery of active

(C) and digestion (D) sludge under aerobic and anaerobic condition. The batch

experiment added with 5mg/L Ibuprofen were placed with shaken at room

temperature ( 25°C ) and analyzed by HPLC, the experiment days for 5 days.
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#_Fig.4-1(A)fr Fig.4-1(B)™ 5E Bl ¢ P Bi4F TR * B 87517 & #4R v
EER ARE EET (267 0) IBU 357 gAEfE L A bFF EET
(6 ¢ zww) B7 %2 IBU- @ Fig.4-1(C) 4r Fig.4-1 (B)iz = sk BEM -
PR B 2 R R A dE g o RE E T g ARTE R F]pt 2
B0 ¢ PR SR A oA VT 2 B G R IBU 2 FE A S F S

WA

F_k

FERGEME R AR SR 0 AR S Y FRZ TR B
TRREFIEEPR TR

% Fig 4-1(A) ~ (B) 7 BB F| ¥ M2 =k A B P % ¢ 4 400k
BOMILBE4erF B AF ReF 0~ 1 X N2 ¥ B R T B2 IBU >
AFRF1~2xpFv P %E'g 23 IBU B 4edp "% f30 )k B 41T 3.6 mg/L >
AFRFSXAFEEIBUM T H03mo/L; mige Fk 20~1 X "5 HR
VERFRSERPV LT I RPESER A B 12X RpRdE &
ERXFIT A46mg/L F ¥ 5 X & IBU 2% 0.5mg/l o &5 fET R
A Z T ERBAEEF Y 1~ 2 X PFERARSUR AR TR 0 il
PITIERT 2 B PR A 45 IBU JE B MG 7k > % f2i8
% 0.382 4= 0.371 mg IBU/L/day - F]#t > # 5,7k *% j2 IBU % 4w =@
ﬁﬁ%ﬁx%%,uwA%ﬁr%pfh%L@ FYRREEF > migo
RF R T TP 7 B R R UK ﬂﬁ“#&z’fh% K RSB R 2. &R 5 £ A

Sl oo H ¥ e Bk gz IBU 20 4 o id oo
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4.3 lbuprofen # =%

7 ?‘iﬁ’é#ﬁ SHERIE & AR “Té%#ﬂm4 PB4 - AR E G AP EfR
(biodegradation) ~ # # ¥ %t (bio-sorption) ~ 4% (volatilization) f--k iz
(hydrolysis) izm #& (Yu et al., 2011) - - 4@ % % 4% # (Henry's law
constants) 4%~ 4 FARE B 4LF o M en? ¥ B BT R B ¢ X 1N
#1 (%] > 2005) - IBU 2- % 41 % # 5 1.5x107atm m® mol? (Yu et al., 2011) &_
B M K B o FIEEFE R S IBU ERE TV T L o B
Yuetal (2011) iz ~ pr 7 ¥R 2L GG M2 3T RRKfR{LE
PG HE R % IBU X G 44 k0 T IBU 2 50 R4 T
PRALE fookfRies B g 247 50 1 R IBU ahd R LT b
&Wﬁ“%%’ﬂ&%%%ﬁﬁgiF%éF&W?$°%%%EQW%
>R 10% 2 RRFEFEfeige BEAR T REFRER R E
(121°C ~ 1.2kg/cm?® > 30 ~ 48) » = F] {5 > B & A4 > 4742k R Smg/L > iF
SRAAVE-BR - REAcFig42r7 G5 RREE ALY IBU
ERIDEAALERAR R 0 EP T IBU R R aiT iR o T TR A
Fo¢ IBU 2 E g 2P LA prEfEo 6 2tgd dw 2 Rl
FE] (2P D ok R) R o

IBU 2. pKa=4.9> F]}* -k 5% pH &~ >t 2 pKa & p¥F IBU 2.4 § 3 7 -
AERAG AR Fle A R M % IBU A pH>49 kB¢ 3 ¢4k
~keracstoBolong etal. (2009) B A7y P @R F B AE Y 2 ",f IBU #
FlEAY > A B pH EIBU ¢ 33 3l f s atRApY 0 3 EARBES
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Fig.4-2 Adsorption of IBU by sludges from hospital and Futien municipal
wastewater treatment plant. Both sludges were autoclaved and were inoculated
in medium containing 5 mg/L of IBU. Clutures were inoculated at room

temperature (25°C) with shaking. IBU was monitored for 5 days by using
HPLC/UV. It found IBU adsorbed on sludge hardly..
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Fig 4-3 pH variation during biodegradation of IBU by hospital sludge and
Futien sludge. Initial IBU concentration was 5 mg/L, this study found that the

pH around 6.0 ~ 8.0.
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Fig 4-4 Biodegradation of IBU and bacterial growth by hospital (A) and
municipal (B) WWTP sludge under aerobic condition. The batch experiment
and blank added with 5mg/L Ibuprofen were placed with shaken ( 150rpm ) at

room temperature ( 25°C ) and analyzed by HPLC.
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Fig 4-5 Effects of substrate (IBU) concentration on IBU biodegradation by
hospital sludge (A,C) and Futien WWTP sludge (B,D). 5, 10, 15, 20 and 30
mg/L of IBU were tested with both sludges. IBU was found to be readily
biodegraded under low concentration with activated sludge from hospital (with
100 % degradation) and municipal WWTP ( with 66 % degradation ),

respectively.

59



Table4-2 & ¢ ¥ A RFHfrs ¢ B9 KFRF P <22 KRVEFR B
IBU 3k B 2 % fig & o 2 & 1
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Fig 4-6 HPLC chromatogram of 5mg/L IBU only inoculum for 0, 24, 48, 72,

96, 120 hr. The retretention time of IBU is 3.4min.
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Fig 4-7 HPLC chromatogram of hospital sludge as inculum without any

addition of IBU for 0, 24, 48, 72, 96, 120 hr. The biodegradation experiment of

control B (only 10% sludge in medium)
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Fig 4-8 HPLC chromatogram of IBU biodegradation by hospital sludge for
0, 24,48,72,96,120 hr. Peaks of IBU (retention time:3.4 min) disappeared
after 48hr. Two metabolites from IBU biodegradation showed up at 24 hrs and

gradually disappeared after 72 hr.
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without inoclum. Sampling time (A) 0 hr, (B) 72 hr, (C) 120 hr. X axis is m/z ;
Y axis is Intensity. Major m/z peak of IBU is 205.12. Daughter ions of IBU are

m/zis 159.1. Other peaks are unidentified m/z peaks.
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Fig 4-11. Metabolites of ibuprofen biodegradation by hospital sludge in this

study. 3 major metabolites were detected in this study and their structures were

shown according to other reference studies (Laura et al., 2012; Zwiener, et al.,

2002). The chemical structures of these fragmentation ion were C12H1s

(m/z=161), hydroxyibuprofen (m/z=221) and carboxyibuprofen dimethyl

(m/z=265). Carboxyibuprofen dimethyl structure was speculated, it may exist

as various structural formula.
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