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AG7HA gEX eE2 3EEd 5 S5 gFER AT ARV SO g8 SELHEEE BEEL
ot 20079 39 FA v=3e3](The American Chemical Society, ACS)9] &= A2l (Chemical
Abstracts Service, CAS)o 525 31,000,000&¢] 3}stE2 71ed A MAZRCE oF 0.8 %9 fFE=
246,000%°] $FEEARE A= o1, YokE, dAA 5 7|Eol BHLFED A 2FEA FUE &
@2 ul5tA (Unregulated) 3FHEAE X SAAF BA7]1&9] dde] uet 17k iAol gt A4
Aol selEEA AFeE e g5 (Emerging pollutants) 2 1A1E 3 UcH2). tJEZ Q] AFSHLHdE
A2 QAN A A%, v]E = Slote] AR EHE YoE. FE T T8 5YY SARRoklA 7t
9] A7, A 5ol ALEHE TEE QoE, AFELA Fo] 2FH 9JorEd (Pharmaceuticals and Personal
Care Products as Pollutants, PPCPs)o] 9t}(3).

AT FHLFEL EAY SH A= BRAR7ILFEZA (Persistent Organic Pollutants, POPs)
o] FAMEA FAIZE FHFste] S Ut v orEde 3 FolA HA EEAT 7t
Aol A&HQ] AHELR Qldte] theF Pz {olEtt: E4o] AdvH4). 19709 fEY shA
A WRe. SEAA YoEde] HEEH FHLEEARE AAHY| ARSI IR A&, A
gk, ¢ T oFe 7 mEolA FlEa iok5). w=e) A9, 1990dd FE wl= #7334 (United
States Environmental Protection Agency, US EPA)3} n|x&AzA=(United States Geological
Survey, USGS)& FAHCE FHLAEAREA qIFEAY &4 27, As, DAY, A & BHEH
Auto] thgt ZAPE AIZEeH (4] FYIAE 2005 B4 F oFEAo| thgt 2271 A71EHHA 2006
W S9SN S vRe A48y SAE FAHCE & T A=Y Ay et tigt 24
A7} 2R =1 YoHe) (7).
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4 B4 AT, HUAYS(Ka), SHS/E BHAS(K) SO2 Uehn Bpze] slag &9 - %
4 E4o] whet ojorRAe 37 AAAA (RS Ku), FH(H018A), A4 (154, ol £4) SHaea
3FRE £RT 4 U,

282/2 BHASK)E AWM HER K, gol ¥245 2242 dehie duges ¥

o
AF oA A4 H o] FE4E Ky 2 RoAe AFS UetdtH9). SyoA AHgEE dF oJoF
ER9 K,y e 22y 0.7, A0 EAZE 0.86, op A At 1,19, AZS2EZ2A4] 1.32, Ed
Haxzy 1.43, 7HpubAE 2.93, o|Fz =39 3.140|t}.
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Fig 1. ¥ 3 992RY QHY X QFI=(US EPA)

Origins and Fate of PPCPs' in the Environment

Pharmacsuticals and Personal Care Preducts | U5 Envlrenmantal Pratection Agency
N « | Office of Ressarch and Development

.i- ;| Mational Exposure Research Laboratory

lllll X ) & | Envirenmental Sziences Division
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g, B 5 BAEWA it gFEH At FE AMEEE EAMHL ZAZE20tE 19 (Gas
Chromatography, GC)& IASIAA|ZZ2utEa=9(High Performance Liquid Chromatography,
HPLC)olw HAE7= AU ZA 9 AZE4Hol 7 AFE47](Mass Spcetrometer, MS)olc},
AT AHEED 9= AFEA7| 0L 3F AEZAF (triple quardrupole), 271338 =19 (magnetic sector
tandem), ©]2E#HI (ion trap), HFHA|ZFE (time of flight) AZFEA7] So|th(12). 34 F 9oER
9 5=+ ng/L~ug/L, pg/g~ng/g +FLE 77184 oA wjA A &, HA, 5 5 AAH A
o] Fgasirt.

HAA R A 23 JAZF A 7Fed 13452 (Solid Phase Extraction, SPE)o] 7]&
o] A/HF&H (Liquid Liquid Extraction, LLE)& HAls|A F2 AMEEI 9ty LA RS A9 =
St gmjE&9 (Ultrasonic  Solvent Extraction, USE), 7}&8032% (Accelerated Solvent
Extraction, ASE) 50| AHSEHI glon FAPHORE AR} FUsHA SPE7L AMEHTH dj#E
OFEA L SAE 7HANL glon EHor EASH] wEo] GCRAE flgte] R=ASrE Fasty b
23} (methylation), A&3}H(silylation), oM €3F acetylation) 7} Qtt.

3. 9= B3 F A2 ¥y
1) B

(1) U.S. EPA 1694

20079 129 US EPAL 34 = oekEd HMurH oz “Method 1694: Pharmaceuticals and
Personal Care Products in Water, Soil, Sediment and Biosolids by HPLC/MS/MS'E A|A54,
ool e A, 1A 9 <A AR did HEFE & Ue WHLER FHLLIMHS =lsto
HPCL/MS/MSE AHg3dte 9okEdg EAate Wolrt(13).

Method 16949)A= QJeFERl T4E2L =ZuAo|A AMYZZA(pH 2.0)3 G7|AZA(pH 10.0)22 Ei)
tgon ZHzbof| diste] HPLCOA FUEE AR MS ol23Ale] met ESI(+)¢ ESIC)Z 831
ot APz FEsHe] o] e R ESI(+)E AMSHe oEd F HEZIZUF(tetracyclines)

£ 5o Hlg] B deo] HEY OFeE FEsIHeH AAFeR AJzANA 3 IF

ESI(+), HlEglAE™RF, ESIC) 28 |714z4dolA 170 2F ESI(+)9 & 47 252o8 E4iS
BHstatt

Method 1694 7]&9 US EPAY w|Ff7|edEd 24AYHY, nFR7ledEd &4 AEdes

Ir -
%

ST Axys AolH AR B4R, USGSAN $3% B4R 7122 wEolgon US EPAY
A AFHoR FEY. 24, £F S84 5 R 84 U BUEIL skl 1A% oorE
e ANT 5 Uk PYOE MY Fust FYD BAYEel 9T AEsL YT 9t

(2) S99 B4y
20019 7H 200413177}11 oA & PP ZA o=
ol ZAe} =219 &848 3t AHE7|&o 3 Y& x3s}

_5_



o o} SE FAA|, R0EZYGA|, JAERAL
TG o ZZbof gt Bauhy, Axedy, AYPAZE AQEARE AAS oH14).
oJokE Ao T3t EAUMHE =994 AU FEslgoen & U AAYHOE SPESY 7]

717+ 9] o
718 o2 HPLC/MS/MS ¥ =43 GC/MS WS Agstn gt B424ne Y=g 93t
o F&FEA (Limit of Quantitation, LOQ)E HFAMel ZFA7ITL AZh-EH(S/N ratio)E 10:1

oo BAs et

- Acidic drugs: diclofenac, ibuprofen (both antiphlogistics), bezafibrate (lipid regulator)
- Neutral drugs: diazepam (tranquilizer), carbamazepine (anti-epileptic)

- Personal care products: tonalide (AHTN), galaxolide (HHCB) (musk fragrances)

- Antibiotics: sulfamethoxazole, roxithromycin

- lIodinated contrast media (ICM): iopromide

- Estrogens: 17a-ethinylestradiol, 17B-estradiol, estrone

2) 3ARAFFE

(1) USGS ZAHZA T}
USGSE ul2 Aol 1397 kel histel ojorEdg Zad 95829 AFS7|edBAe Hat
1999~2000d0e] 23 2AATE 2002 WEFYCH14)

Fig 2. O/2 ZQ0M QUZ2El RAIR|E(USGS)
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The U.S. Geological Survey monitored 139 streams for the presence of a variety
of pharmaceuticals and other organic wastewater contaminants. Site locations
are shown in the map above.

100 : __| Total concentration
- | Frequency of detection ‘{
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S 2ARH LS gl o 2H9 THeAol w2 =AY B SAAY stRE AASAL
o 87 A M2 ol THe A FHEI AHS A '3}93\ U 7 Bl di2A-gAE A 4

EHAT. AR AN HEFEE lug/L olst Eollen AHzRoE, ZFHAY H7H Fo| 2
T2 A 4 AHAA Hed FE2 F 957H FEAA A 387 F=Fol FA HAEH AHol
Rem o AHollA Bt T FFol AEHUT. ol A wet FF AT FEEo HiFt A8

Q7N 2 A2E AR D] ot wefvt Bas Aoz s,
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@ #89 325 L AN@A|E TRAE)

ZAolE Z2AE F7h APAe) that CJorRd HAY AY B S04 2 AR (Y4 2 BF
2ol g FREE 2t SRHYOH FHAT TAF) G YFRA 105 2AEBRE At
itk o] AL WB 4T ZANY AFY 24 HJ 7 AASEA g Az $9Y Ao 4
o HHAY ML AT §HY bR AFHES Ul HEA 2H2 oJulzt ek,
s WA EYolE, a2z Fol az 3.0ng/L $20E ABHYoN FAERL 5
sS4 @ HoA YRR AENE U BRFEIL £ AL Utk BASAE ojnuz
of A5HeF FUFAN AT 19.60/L. FFRNH A1 3.90g/LOE MuH RS HER FFHY

FAo AddlelAe SAARutol Mol AEHA g 54 Uech

ﬂf‘lE
=-=1_LL,

o &= o

3) A7

(1) US. FDA

o2& 27184 AAH (The National Environmental Policy Act of 1969: NEPA)oJA =717
9] &5o| A A= FFE Bt AAE FHNA INSHEE FASHL Jlom AFOFEtAA
(The Food and Drug Administration, US FDA)& 1995\ Rl 2Jofatee] didt 7lol=giele E3)
A oF5 ol Ao = A9l = (Expected Introductory Concentration, EIC) 7]& ©o]Are] 2JoFZo] dj
3 dAFOR AN E AR AEE Rt FHS F UTH16).

OJoFE o SR N B 7= A 2BAZ AP HY LA BARIE 5ATE BB TE A
o 374 5 79 EICE A&3t1 1pg/LEh 39 oA ook&el 34 3 Asd A4 a5 o
AAMYE7HE =S AL ok AN B = AR HE 54, 2/ FHFEE,
ol digt g5l 2 AEFFA] e B¢ WISAHAA7A Z@EH ot

o, (4
2

l

EIC-Aquatic (ppb) = Ax B x C x D

A = kg/year produced for direct use (as active moiety)

B = 1/liters per day entering POTWs*

C = year/365 days

D = 109 ¥ig/kg (conversion factor)

*1.214 x 1011 liters per day entering publicly owned treatment works (POTWs)

(2) EU
639 AL nIHL =2 199549 Aok FAAFS Y=FEE FAFAH(65/65/EEC) 12T}
2 A}E}A AloFe] Q]%Q%%E(Predlcted Environmental Concentration, PEC)E #A3tx 7]& oA
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o] PECE Yetd+= 2%Eo| digte] BRI H7IE Fstete 7to]l=akl(CEC/I/5504/94, draft
6 version 4)& AABIHTH17). NGBS 7|Eo] == PECE o=k, QA+, #He% 5 SAA

£ 7|22 AEHY HeAGALdA AR BRI 4ulas 1002 FASHT. A% Aded
PEC7} 0.01pg/LEch Zow g 9jsidB7te] <57t gloew 0.1~0.01pg/L HYolH R
(Predicted No Effect Concentration, PNEC)2}¢] 8] PEC/PNECE 3t #edsitt. PEC7F 0.1 n
g/LEtt 3744 PEC/PNEC7} 1Bt 39 27, B85 9 ojfd it A5y 5 44" 7HE
AA@E L7 (Organization for Economic Cooperation and Development, OECD) 7]&¢| wz}
FYtes AL k. EFT A gigt PEC 7|2 10pg/kegolth.

Aquatic PEC, crude estimate (g/L) = A x (100 - R)/(365 x P x V x D x 100]

A [(kg) = predicted amount used per year in the EU country as defined below®, or
relevant value for single national applications

R (%) = removal rate (due to loss by adsorption to sludge particles by volatilisation,
hydrolysis, biodegradation or other specific, naturally-occurring processes)

P = number of inhabitants of the country

V [m?] = volume of waste water per capita and day (generally 0.15 to 0.30 m?)

D = factor for dilution of waste water by surface water flow (average factor: 10)
100 = conversion factor for percentage

Fig 3. 0|59 HIOIGQAIA FEAMSE N EA(US FDA)

Tiered Approach to Fate and Effects Testing
Determine environments of Potential Concemn
Atmospheric, Aquatic and/or Temestrial
Investigate Depletion rapid Microbial \
Mechanismis) complate Inhibition Test |———————————* "SOP/]
No rapid, complete —
depletion mechanism
Microbial
Inhibition Test / .
Log Kow= 3.5 Consider Iniiaing — — — — — > Tier3 \|
Chronic Toxicity Testing \_ Vi
Log Kow <3.5 of Log Kow = 3.5 with justification / ™~
J; No Observed Effects — | sTop |
atME o
TIER 1 LC orEC > 1000 / -
Acute Toxicity —"Egcfﬁn /*
1 species Observed Effects ——( Tier 2
atMEEC
LC orEC_ <1000 N
— s0—%0
MEEC TN
— No Ohserved Effects —»; STOP |
TERZ at MEEC o/
Acute Toxicity LC orEC =100
Base Set e /, \
Aquatic &or MEEC Observed Effects ——>( Tigra |
Terrestrial at MEEC \ /‘
LCorEC <100
MEEG
TIER 2 [
Chronic Toxicity LC or EC =10 &No O?sewed Effects —b\ )
Aguatic &for MEEC 5 at MEEC —
Terrestrial
LC orEC =10 or Observed Effects
B —— at MEEC
MEEC
Consult CDERICBER
Note: MEEC = EEC or EIC whichever is greater




Fig 4. Q89 NSAAA FEANST T EAI(EC)
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oFEdoe] AHLE FHYHE F8 HERE st R SAHSAYTS T8 stHeR FYEHE Ao
ook W A f9E d4E AYEHS ANGA AAHY HEHoR sPoz wRe
o E3 Aede Fgste AeARAA AYIAde AA AT EeEo] AAEY H=E2 T2
ot 71E9] st W FAtH A YA FeA g A goEde gt vt gle AEHCdA &
4512 2o A2 olelT AATHIN FEY AAZE] A G AR,

A4 BRAA B HYage] g 129 ATARE FYY ZAE ZEHAE BTN
AR = o °‘°‘Il AA71Ze 2 BEsHd &8, F& 27]. 33 48 Fol AREEL ok g R R
o a4 9 HAEsA Yol AR Balg FReE YA Yol Y5 Qo ojnxzy
I TEZAA 90% ol AAEHY aH Ao dHA ok & 19 AFAE = AARE
2 AEst BHT BA, clB-THT BATA, WACILTH 59 nEHTHY B9 drEy =
A ooFEe A 90% oY AARES Usdle ALS2 ZAESIH

B 1. &N9 389 QUSE MR E(ENO|E Z2RE =N, 2005)
Acidic pharmaceutical Estrogen Antibiotics
SEIRE Olf | HE=B EHIX} 28 daes 178-0A [17a-of|X|Lol| Az} EAAE
=ad | ®y |gosole |mEeiy| | Eacg | AEdite | oSAIE | ojoj4l
Primary treatment - - - — + + + — -
COD removal
++ — — — — + -t +
(SRT<2 days)
Nitrification
-+ + -t — -+ 4+ -+ +t +
(SRT 10 to 15 days)
Sludge stabilisation
-+ + +t — -+ 4+ -+ ++ ++
(SRT >25 days)
Membrane bioreactor
-+ + -t — -+ +H +++ n.d. ++
(SRT >25 days)




ZU $1 & IoH27 plgt U ot HE|Ho
Acidic pharmaceutical Estrogen Antibiotics
REIES og | gE=z EHI X} 2= oAEE 17B-0llA [17a-0l x| Loll|  AMxm} EAAR
Ze® | @4 |mosols|mEea| | Ept0e | AERHS | SAE | otol
Biofilter n.d. + n.d. — +H+ ++ + n.d. +
soil, unsaturated zone ++H ++H ++ - +H+ +H ++ -
groundwater, saturated zone | ++ + n.d. - +H+ ++H n.d. n.d. +
sludge anaerobic treatment + + n.d. n.d. ++H ++
Fenton process - - - - - - - - -
Effluent ozonation A4+ +++ ++ +HH +H +H+ ++ +H+
Bank filtration +++! ++ + (—) +++ +++2 +H2 +H +H
Flocculation - - - - n.d. n.d. n.d. - -
ozonation + ++H + + +H+ +H +H+ -+ +H+
AOPs* + + + + ++ ++ ++ ++ ++
GAC +++ ++ +++ +++ +++ +++ +H +H +H
Ultrafiltration/PAC +H+ +++ +++ +++ +HH +H +++ + +H+
Nanofiltration +H +H - - +H +H +H - +H
UV n.d. 43 n.d. n.d. ++ 4 +4 45 n.d.
Chlorination — +H - - (+H) (+H) (++) (++) (++)
Chlordioxide — -+ — — +H +H +H+ -+ +
# —1 < 10%, + 10 to 50%, ++: 50 to 90 %, +++: >90%, n.d.: no data, (brackets): predicted, based on the expert knowledge
EA1. (W
Neutral i ) Musk )
) , lodinated contrast media Atrazine
M7= pharmaceutical fragrances
7t2dtobx/E | Clotx| & 0|2 ZZ20lo|E|C|otEZ|= of0|E |o|2ntalZ| HHCB | AHTN
Primary treatment — — — — + + n.d.
COD removal
— — — — — ++ ++ n.d.
(SRT<2 days)
Nitrification
- - +H - - ++ +H n.d.
(SRT 10 to 15 days)
Sludge stabilisation
— — +H — — ++ + n.d.
(SRT >25 days)
Membrane bioreactor
- nd. + - - + + nd.
(SRT >25 days)
Biofilter - nd. ++ - - ++ ++ nd.
soil, unsaturated zone - nd. ++ - - +++ +++ nd.
groundwater, saturated zone - + n.d. n.d. nd. — - nd.
sludge anaerobic treatment + + + n.d. n.d. ++ + n.d.
Fenton process - — - - — — — n.d.
Effluent ozonation ++ + + — + + ++ nd.
Bank filtration - + — — +++ +++
Flocculation - - - - - - -
ozonation ++ + + - + ++ + ++
AOQPs* ++ ++ ++ + ++ ++ ++ ++
GAC +H+ +H +H + ++ +HH ++ ++
Ultrafiltration/PAC 4+ ++H+ ++ ) (+) +H+ 4+ ++
Nanofiltration +++ +++ +++ (+++) (+++) (+++) (+++) +++
[\ % nd. n.d. +H nd. n.d. n.d. n.d. +
Chlorination - - (—) (—) (—) (—) (—) -
Chlordioxide - - - - - (—) (—) -

¥ — < 10%, +: 10 to 50%, ++: 50 to 90 %, +++ >90%, n.d.: no data, (brackets): predicted, based on the expert knowledge |
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Fig 5. HAYAZY HFERY E=[18]

Disposal as a Contributor to
Drugs in the Environment

prescribing

oteated by OG Daughton & [ Rubey
USEPA, Las Vogas
28 May 2007

excretion oral
parenteral

bathing

dispensing

consumer

non-compliance

- over-prescribing
inadvertant
| aocumulatlo == ~diversion.. __
H

H unaware
accumulate of leftovers,
unnoticed
!

leftovers

immediate
no stockpiling)

sewerage

planning

to dispose
waste

treatment

’

after awaiting
disposal

recommended [ stockpiling

by ONDCP
(certain exceptions

‘ must be flushed) PO adically

waste available
treatment
H

landfill take-backs incineration
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FUl At 200595 4, A BRe § B F drRAd g &
stgom A4 FAGPEl gt Agolth. webd BN A, AYA 5 4249 APsne 939
A ATARE 7122 87 o] e 2A4E SRR 9 AFATIL BEHGITH 1),

B4 F olorac] /A% Azkn AdA) HAH el that 2Ake) Baiol
ATAATPEY AR B B F AW 2AATe) AUNE 9lstel 2006URH B F o2
Aol dhat B A7} AZEYLh 20061 ~2007d 2Uz B4R FABATILL FHe2 A7
o, AR AT, FYhSE ol Folstol T AEF A9 274 FRY JopRel g +2
AR Lol ANELHOIT). & 2159 doFEae AAY L 771 BAEe] T} & 29} Lol
57 DFOE Lol 7o) that BAMPES AN

= O == 10
Group oletEH H| 1
Asplelr], AoprlEAlE, Avte]ols: AEER(GE)
oA Eou] s, FhE2, RlFutelAl, Erju| 4y 7|EH4E)
Group I SREHEZE, SAHERA] S, 1203 = -
AZET, L2 ET A=HIRRFCR) FRRARER0D
222, opg e AP 9)eFE A 08
Group II olej 2~z uto]Al-H,0, eto]2Al nl3 22| ERH2E)
ofFAIIY, ATl EEY, U™ G Z2A Y,
Growp T P, ARE s / SRR NE
APLER]Z], AlFpEE], AR, Alzepd
wZE A, oz, wsil
Gmup 1\ L] u{]o]_; ﬂ-/g]_q]o_lk% 1(4%_)
olu] FAfo| B
Group V . 9mto]2l L B2 =5
(19
al 27%

1% 1& ARoh|ER, dERNIUR, BRRAEER, AREY 5 1350 oJtRUe B4
L 9oz HLB(Hydrophilic Lipophilic Balance)2t MCX( Mixed mode Cation eXchange) 7IE
YRAE ol&% Am AAYE AA 13FY YAEde FA FE5t5en a3l #45 Al Group
I-A, B, C& Yo Z a5 B 7171249 E Aeste] LC/ESI- MS/MSZ £4319itt.

3F & nfagto|l=i 2F9 QFEAS FAIEAS= BHoez HLB 7IEZAE ARESIY AR
£ AA. 5% F LC/ESI(+)-MS/MSZ EAstgct.

IF & viggas YgorEdy BAYHe s HLB7LEYAE o835t ARE AT &
(+)-MS/MSel|A EA43kct.

LC/ESI

35 Ve AAYER 458 54 43 Yoz MCX 7IEZAE o|&sty WaE2E Ay
oF2 AA, JFELE F&3 & LC/ESIC) S/MSE AL OoFEAS BASHATH



IF Ve ol @Il ERY oorEdel HlenpolilE 45t HHoR, diks 0|88 Al&E pH 2
2 Z4ste] MCX 7IEZA|Y] FHEHEE sto] &34t 3 olgd &ufjo] o4 A2l NFPA
(Nonafluoropentanoic acid)E H7}ste] dE YojA] EHERA Y BRES =o] LLC/ESI(+)-MS/MSZ 24
SHSict.

(2) BAHH 8] m(US EPA 1694)

US EPA Method 1694& & 74% SFEd] gt atd4, w4, HeE EY A4, &84 5 o
A D AR g EAARHS AAG Aor PR TSN A sHHS, He 5 FEX R
et oorEd F 27Fo] die AT} vlwstd AXHeR FHdL AU F8T AR AAe
2 7)17184& 72 SPES HPLC/MS/MSE AH&dhe AR Wyos #dsn US EPA Method
16947} tigmid 9 gEol A FHstA HEEE o] Atk ol ol w9 7 AHHRE i
SHAl AHEEE QoFEH S BAS gt Uvb B dig Badit Essty B4 wet AR
AAE 9 717124S Y3 2FS FES Aot FPAANY B I AREF A9 F
£ QorEAd tiste] AESE EATHE At gon IAAS gFEdS M AL EYsEty
EAS 7|2E 7|29 BAYY 3 A4 TS A9 + Y=E A= @A u=y 34 5 9
24 33 A7E 535t 7|B A= US EPA Method 16949 ¢J3t oJokEa E o] X&tE|L thAo]
o US EPAE $H2E Method 16945t a&Ao|1 A8 9 Z=rt £43 ¥y ndE 9 &%
A7F AP Qiet.

FU B3 F A4RY 2AERE PENW BSe] BT SEE ng/Llppb) ol SEolm 54 o
1‘1;] H
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