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Occurrence of Residual Pharmaceuticals and Fate, Residue and
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Abstract : Residual pharmaceutical compounds have been recognized as emerging environmental pollutants and are widely dis-
tributed all over the world. These compounds cause bioaccumulation and biomagnification during present for a long time in the
environment: thereby after adversely biota and human bodies. It is difficult to remove residual pharmaceutical compounds using
conventional water/wastewater treatment because of resistant property to photodegradation, biodegradation and chemical decompo-
sition. Moreover, domestic literature data on the pollution of residual pharmaceutical compounds in rivers and lakes are limited.
In this paper, species, sources, fate and risk of residual pharmaceutical compounds as well as behavior properties in freshwater re-
sources are demonstrated to encourage the domestic concern about residual pharmaceutical compounds. An extensive review of
existing data in the form of figures and tables, encompassing many therapeutic classes are presented.
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Fig. 1. Level of hydrophilicity and hydrophobicity of pharmaceu-
tical compounds. '
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Fig. 2. Origin and routes of residual pharmaceuticals *”
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Fig. 4. Transformation pathways of pharmaceuticals, PC: parent
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water treatments,®

= 57 - F5hd 80 o Fx2A Q1 HE(transfor-
mation)o| FEEH 2 o]2|F NEEL BHoE Yo

3.1. 2835l (photodegradation)

SEzon GolE ojiie] 47 oopRUEL Ay E
= HoR ekl ofs) HuslHrk TN Qg
Feo) Felis w50 AR olorRABo| gARS Tl
of WES fUsle A9ol, BHHe Rl 4oL
Lol 2R 5}= AAFH(nitrate) W F2]AHhumic acid) S}

N

Fe. 2| (photosensitize) 50| Bl vhgto] A El=
H 2hojzal 22 AsiRlol] ofs) RalEls 490|295
I

m

o

PR Aot e Aw, £o0) Ryt Yot
F71EE 24, 24 £99 9%(atiude) R AE St
Ze g g2 G HeohtY

A5 bR AEY] FR PAREL ul$ thaFsin, of
B2 AEAll foldt 93 vl @7 Al antiepilep-

tic)¢l carbamazepine?] 7#-¢, TEF HAER =4, 54
2] 9ok (carcinogenicity) = YE &=

acridine2 AA51,°” Andreozzi - carbamazepine 2] %
H3]] lzdwdbds EHEh 100 A2 sulfamethoxazole2] 2.4
2, diclofenac®] 5%, ofloxacin®] 10.6¥ L propranolol 2]
16‘8%_‘01] Bl w9 71 Aow ®mstu Itk FFUA

(antineoplastic) 2] cyclophosphamide®} ifosfamide= 27 %] 2]

H o] A (mutagenicity) %

Fig. 3. Schematic representation of pharmaceutical bio-transformation to increase their polarity_s”

CHeretd 285 X| | MI333 H65| 20114 62



456

B Bk 2P AR FEE Wbyl o8 FakE
AASlE Aoz deA Aok masRo =y 7
ZA|(NSAID)?! diclofenac®} B-blocker?] propranolol%
A ST WL UL R S FE Ho2
#HA Qlow ™ sz ooly diclofenac?) 90% oJAto
KA PR xﬂﬂﬂl:}“ %) Diclofenac®] sl
AHERZ = AlZ83](cell lysis)E -3-235F= chlorocarbazole©]
e, o] &4 diclofenac Bt} A|2-83&0] &2 A
o2 dHA Juk® E3) sulfonamider] YA S AL
A9 B oISl ola) ST sl v
So] YAV AL tetracyclined] FYAEL] A9 R
ojuf &40 AHof F2tE 7] wiZel B2l Uﬂﬂ‘%
FES HAE HisjAs RauE Ao] giohtY ®
Tool Fuaty 22 AT EAT Aol car-
bamazepine™} diclofenac®] FE3E&- # 7=, sulfame-
thoxazole, clofibric acid, oflaxocin & propranolol] 3%-5-3f|
& F7hEE Jom el Aot oAy 4% oot
ASol $57 chbsin], B4 140 54 E3 W Aol
= Ho|7| wizol F&al izt Sa FEsl

A Urepua gk

o FLQ o ol fn

il

o ooN Az oo
A2 o

SEL oo

3.2. M=&35l(biodegradation)

AR FH AR YdEdEL #Fol AAst=
nEE] ol EaiEo] WIS Fu ‘f‘&ﬁk H|AH| 20| =
3 FESAINSAID) A E<Q ibuprofen®] 79~ ofFHof 7
Shpoll A ETHA 0 R AEEH(~50%)F ) , Kagel 577&
Sphingomonas sp.& ©]-835}9] ibuprofen?] MEEN 52 F
7}stgdeh. E3F Santos 02 1W7F A¥|Ql YHO] 6374
9 sleA o] AAESH A 2)F7g ol 419 ibuprofene] A|A
£ ZAE AT, B 87.5% A= AAEE Ao B
skt Alexy =1} Gartiser 702 17~18%2] A4 o] H
o 2ol s B7FeE Ak penicillin-GE A €] L A] 3}
AL e B2 AEseS el dlrtar Easkgich

OE 2=
Yamamoto 5792 8%9] o]oF& & (acetaminophen, atenolol,

carbamazepine, ibuprofen, 1fenprod11 indomethacin, mefenamic
acid @ propranolol)o] that HEEH 5L ZALSH dalo A
ol =dE0] AEwdol thsh Zi?‘o“é% e Aoz
At} X-ray ZGA|Ql iopromide= &7]7Fe] A&
2% 79| diapabEo] AAE Y ey
At A7t ApdsA] ok A-HT)h 48 = =2
iopromide 2] free amine AYE3)E(90% AE)S YEMY AT
3 Bkt A9 triclosane EoFo| A 0] AJEH
afofl 23t W17} 189 Aol sl ate] BAL
24 F7golAl Aol oJsf 80% ol AAH= Aoz
orel#] Ik 4 ZEEC estrone?] ¢ A2
H7)4 e Helo] 98 17a-estradiol 2 HHE]7] w)
2o sl Ate] 'R of Al estrone ®T} 17a-estradiol 9]

AE 5ot Bk ueba) 1 olopRA Sl A g
ek el RS AN T AREsEe] AATE e

et oJorEd Sl S50l & AlAE oL wdstr]
= olgen, A=A A oA A= 54 W
3 92 B71s3 giAREES] i o7t Fashe
3.3. &ZH(sorption)

Tl A o] 5 oJekEdEe] A FREHAY &
Z 7|22 3} AdH(complexation)dt= H|- &S bA] 7]<43
Faoliv Aeasfiol vis) e woh F&e =2 AHe
#ZoA dojur, FAE2 e YoFEdEY =9 - 3
st BT Ao AAH EAEC o8l Hol o=
th X oorEAEe] THle F4, 84 9 B I
A 22 dHbEQl EASE Q8 8 FollA 9 o5
(mobility) T} A&, EF W SR 0|49 TFEgo] Erh?
i ooFEdEe B AHoA Y FRAEAS AT

AHEoA i oEd e =-55E HAlS(octanol-
water partitioning coefficients, log Kow)2} EF/ A o] A2
67\]’%0 £ A YER S

o
| S0 S71BUET £FY A7 JFRUETY 25

==

2

ES
A 9l Eﬂ(hydrophoblc interaction)o]] 2|3t Zlo& W IF}AL
QY ek, Ao AFABeIAE B SlorEAL
Tshs 99 #5715 4 pHOlA Y o]t g7l
BN Fto] W AFS vAE Ao nu

sha glek™

W5 olerRdol I
_4 /\]-/017]14 .EHO] _)]: %
9] ¢l (interaction)o]] T S m| TP glriEo] u
2H Eo|=4 FHSANSAID)ES A4 2241 Hhd, p-
blocker, 32 2F, H&4 YA H macrolide 5> ¥ 7143
A (basic compound)©] ™" ofloxacin, ciprofloxacin, nor-
floxacin 59 W FAUASL AT A7)H EAHAL 54
o 7423 Qtk* Tetracycline ] FP*‘W]‘: o zzo] thr}

[*]

Fole FEHF(C" HHEW AUste] A& FAE e
2 g¥A gop?
Rogerst= log Kow@h-S ©]83t] EFo|u} &3 X oA4]<]

A& Bk Aol BUEY log Kagle] RE
ool whe} log Kow <2.5(32 &2H8), log Kow 2.5~4.0(1
) % log Kow>4.0(2 S2H)9] 3 FROE Lro] &
Folut EelAAY] F2E&S Frlekdch EF IR 9
Feds & Ad BAFE 71 A8 €A Ad/ES
215, ofyl(amine) 7| S 7HAl ZHE QR AEE S
Lo AHowm oaA] ¢t

19 IR FEdEY el Aerd % AYWEY
of gt F2HsS H7Ie AHE Table 10 f.oFsto] e}

&)
N

O o

HE.
N,

= 1 02 =
jeit). Table 194 & 4~ Ql%9| carbamazepine?| 739+
QA AL Ul WE A L Au 53
FollAe v gHor EAsheY 4 282 170-
ethinylestradiol 2 AYER 3|0 st YAS 7[R A|wt A2/
sl Ao gt S g Ed50l vlE 2 e
774531,

I Journal of KSEE | Vol.33, No.6| June, 2011



KB Bg LRy
ARIOIM L] TR otEE ZE, 7S, =X fie 7:' =4

Table 1, Fate processes identified to remove pharmaceuticals from surface water

Pharmaceuticals Photodegradation (sunlight) ref) Biodegradation ref) Sorption ref)
Acetaminophen Slow (tp1/2: 35~56 h, Slow (tp1/2: 50~1400 h, ) '
(NSAID) ko: 0.013~0,020 h') 61761 0.00051~0014 h') 76 | Log Ka: 0.28~1.04 (sediment) | 76,87
Atenolol Slow (tpi/2: 77~730 h, Slow (tp1/2: 48~2900 h, ) '

(B-blockers) kot 0,00099~0,009 h™) 7895 \000044~00142 ) | 8:96| LogKe 0~0.94 (sediment) 76,8796
Carbamazepine Poor (tp1/2: 84~2100 h, 76 Poor (tp1/2: 3000~5600 h, 76 Log Kg: -1,15~0.32 (sediment) 76.97
(Antiepileptic) ko: 0.00034~0.0082 h™") ke: 0.00023~0.0006 h™) Log Kq: 1.31~1.83 (sludge) ’

Slow (aerobic)
(tm/g: 250~480 h .
lbuprofen Poor (tp1/2: 600~9900 h, ) ' 4 Log Kg: -1,19~0.79 (sediment)
(NSAID) kp: 0.00027~0,0012 h) 7 %+ 00015-0.0028 ') 17698\ *) o ki 1. 00-1.78 (sludige) | 'O
Poor (anaerobic)
(to1/2: 1198 h, kp: 0.00058 h™)
Indomethacin Slow (tp1/2: 16~21 h, Slow (tp1/2: 410~430 h, . .
(NSAID) ko 0.034-0.044 h'') 6 ks: 0.0016~0.0018 h™) 76 | Log Ka: -1.00~0.88 (sediment) | - 76
Mefenamic acid Slow (tp1/2: 78~97 h, Poor (tp12: 300~2500 h, ) '
(NSAID) ko: 0.0073~0,0089 h™) 76 ke: 0.00031~0.011 h') 76 | Log K 0.70~1.40 (sediment) | - 76
Propranolol Easy (tp1/2: 4.4~83 h, Slow (tp1/2: 36~620 h, . '
(B-blockers) ko: 0.084~0.12 ') 83761\ 00012-00196h) | 8:96| LogKa 0.23-2.28 (sediment) | 76,96
17o-ethinylestradiol ; . .
(sex hormone) Slow (tp1/2: ( 36 h) 99 Persistent 100 | Log Kg: 2.08~2 .85 (sludge) 97

kp = photodegradation coefficient, ki, = biodegradation coefficient, kqy= sorption coefficient, ty1,.=photodegradation half-life, ty:,=biodegradation
half-life,
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Fig. 5. Therapeutic classes detected in the environment, ex-
pressed in relative percentage, Data collected from 134
articles published between 1997 and 2009 2"
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Table 2, Human and veterinary pharmaceuticals, metabolites and degradation products in the environment

Therapeutic use

Compounds (/metabolites)

Antiacid Cimetidine, Ranitidine
Antiasthmatic Albuterol
Antibiotic
B-Lactams Amoxicillin, Cefuroxime, Ceftriaxone, Penicillin G1/2-benzathine salt, Penicillin V potassium salt
Cyclines Demeclocycline, Doxycycline, Minocycline Oxytetracycline HCI, Chlortetracycline, Tetracycline
Fluoroguinolones/  Ciprofloxacin, Danofloxacin, Difloxacin, Enoxacin, Enrofloxacin, Flumequine, Lomefloxacin, Nalidixic acid, Norfloxacin,
Quinolones Ofloxacin, Oxolonic acid, Pipemidic acid, Sarafloxacin
Lincosamides Clindamycin, Lincomycin
Macrolides Azithromycin, Clarithromycin, Erythromycin (En/thromycin-H-0), Oleandomycin, Roxithromycin, Spiramycin, Tylosin,
Tylosin tartrate
Nitrofurans Furaltadone, Furazolidone, Nitrofurantoin
g?oes;zlziglrs Chloramphenicol
Phenols Triclosan, Triclocarban, Methyltriclosan
Pyrimidines Trimethoprim
Sulfonamides Sulfachlorpyridazine, Sulfadiazine, Sulfadimethoxine, Sulfamerazine, Sulfamethazine, Sulfamethizole, Sulfamethoxazole,

Sulfapyridine, Sulfathiazole

other chemical

Carbadox, Cephalexin, Gentamicin sulfate, Imipenem, Metronidazole, Miconazole, Monensin, Nistatin, Ornidazole,

classes Roxarsone, Virginiamycin, Vancomycin hydrochloride
Anticoagulant Warfarin

) Amitryptiline, Citalopram, Diazepam (Nordiazepam, Oxazepar), Citalopram, Doxepine, Fluoxetine (Norfluoxetin),
Antidepressant ) . . : o '

Imipramine, Meprobamate, Oxazepam, Paroxetine, Sertraline, Thioridazine, Venlafaxine
Anti-diabetic Metformin, Glibenclamide
Antiepilentic Carbamazepine (70, 1 7-dihyaro-10-1 71-dihyadroxycarbamazepine, 10, 11-dihyaro-10-11-epoxycarbamazepine,
piep 2-,3-hydroxycarbamazepine, 10, 11-dihyadro-10-hydroxycarbamazepine), Dilantin, Gabapentin, Primidone

Antihelminthic Ivermectin
Antifungal Clotrimazole
Antihistamine Diphenhydramine

Antihypertensive

Diltiazem, Enalapril

Antineoplastic

5-Fluorouracil, Cyclophosphamide, Epirubicin/Doxorubicin, [fosfamide, Methotrexate, Tamoxifen

Beta(p)-blocker

Acebutolol, Atenolol, Celiprolol, Metoprolol, Nadolol, Pindolol, Propranolol, Sotalol

BLLA

Fibrate

Bezafibrate, Clofibrate (Clofibric acid), Fenofibrate (Fenofibric acia), Gemfibrozil

Stain

Atorvastatin (o- and p-hydroxyatorvastatin), Lovastain, Pravastain, Simvastatin (Simvastatin hyaroxy acid)

Bronchodilator

Clenbuterol, Salbutamol, Terbutaline

Cardiac stimulant

Digoxin (Digoxigenin)

Contrast media

Diatrizoate, Gadolinium, lopromide, lomeprol, lohexol, lopamidol

Diuretic

Bendroflumethiazide, Furosemide

NSAID and analgesic

5-Aminosalicylic acid, Aminopyrine, Aspirin (Salicylic acid), Diclofenac, DMAA(dimethylaminophenazone), Fenoprofen,
Flufenamic acid, Flurbiprofen, Ibuprofen, Indomethacin, Ketoprofen, Meclofenamic acid, Mefenamic acid, Naproxen,
Nimesulide, Paracetamol(acetaminophen), Phenazone, Propyphenazone, Sulfapyridine, Sulfasalazine, Tolfenamic acid

Opioidanalgesic

Codeine (NMorcodeine), Fentanyl, Morphine (6-Acetylmorphine, Normorohine), Methadone, Tramadol, EDDP

Psycho-stimulant

Caffeine (7, 7-dimethyixanthine), Amphetamine

Sex hormone

Ethynylestradiol (EE2, Estradio), Estradiol (E2), Estriol (E3), Estrone (E1), Progesterone, Testosterone
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Fig. 6. Maximum detection concentrations of pharmaceuticals in surface waters and groundwaters in the world,
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Table 38, Summary of pharmaceuticals occurrence in surface waters and groundwaters in the world

Therapeutic use Compounds Nation [water source, detected concentration (ng/L), detection frequency (%)] Ref,
Antiacid Cimetidine UK (RW, ¢0.5~220, 0~100), USA (SW, 12, -) 137~139
. Italy (RW, Max: 38,5, -), Spain (RW, 1.8~4 9, -), UK (RW, (3~73, 0~86),
Ranitidine USA (SW, ND~13, -) 137~142
Antibiotic
I Australia (SW, Max: 200, 30), China (SW, ND, 0), Italy (RW, ND~9.9, -),
Amoxicillin UK (RW, (10~522, 0~100), USA (SW, 200, -) 137,138,141,143,144
p-Lacteam ol i G Australia (SW, Max: 250, 28), USA (SW., 100, -) 137,143
Penicillin V Australia (SW, Max: 100, 10), USA (SW, 100, -) 137,143
Ginrofioxacin Australia (SW, 23~1300, 30), Finland (RW, (24~35, 100), Italy (RW, ND~37 5, -), 3,4,137,142,143,
P USA (SW, ND~360, 10) 145~150
Enrofloxacin Australia (SW, Max: 300, 44), USA (SW, ND~10, -) 143,146
Lomefloxacin USA (SW, 50, -) 137
' . Australia (SW, 30~1150, 78), China (RW, Max: 13~251, 17~100),
Quinolone Norfloxacin Finland (RW, (24. 100), USA (SW, 5~50, -) 137,143~145,148
. Finland (RW, (2.6~5, 100), Hong Kong (RW, Max: 16~108, 17~100),
Ofloxacin laly (AW, 0.65-306.1. -). USA (SW. 10~50, ) 137,141,144,145,150
Sarafloxacin USA (SW, 5~50, -) 137
Clindamycin Australia (SW, Max: 10, 57) 143
Lincosamide  Lincomyain Australia (SW, Max: 50, 67), Italy (RW, 3.1~248.9, -), Korea (SW, 12~165, -), 3,4,24.137,140,141,
Y Spain (RW, 13.4~17.9, -), USA (SW & GW, ND~320, 8~17) 143,146,150,151
Azithromycin Spain (RW, 8.0~17 6, -) 140
Clarithromycin ltaly (RW, 0.49~44 76, -), Korea (RW, ND~443, -) 4.123,141,150
Erythromycin ltaly (RW, 0.8~15.9, -), Korea (SW, ND~137, 63), Spain (RW, 21.4~33.0, -), 4,7,72,137,140,
Y UK (RW, (10~1022, 17~38), USA (SW, ND~40, ~17) 141,149,150
- China (RW, 30~636, ~100), Italy (RW, 1,7~30.5, -), Korea (SW, 23~121, -), 3,138,144,146,150~1
, Erythromycin-HO . aw. (0.5~351, 20~100), USA (SW. ND~220, -) 54
Macrolide -
Oleandomycin ltaly (RW, <0.31~742, -) 4,150
Roxithromycin Australia (SW, Max: 350, 63), China (RW, 16~169, 92~100), USA (SW, 50~100, -) 3’1?2'21 Aﬁ; 44,
Spiramycin Italy (RW, ND~74 2, -) 4141150
Tvlosin Australia (SW, Max: 60, 81), ltaly (RW, ND~2.77, -), Spain (RW, 0.5~1 6, -), 3,4,137,140,
y USA (SW & GW, ND~100, -) 143,146,150
) ) China (RW, 41~266, ~100), Singapore (RW, (1~27, -), 138,139,144,
Phenicol Chloramphenicol o i eriand (SW, 10~30, -). UK (RW., (2~40, 0~15) 152,156,157
Australia (SW, (3~75, ~100), Canada (RW, (4~8, -), China (SW, 1.2~1023, 100),
Germany (SW, (3~90, -), India (RW, 4~5160, 100), Italy (SW, ¢(2.0~4.0, -), 561607 138
Triclosan Japan (RW, 130~190, 100), Romania (RW, (30~64.3, -), Spain (RW, ND~285, 67~100), 1YS:C) 1’58:179’
Phenol Sweden (RW, ND~70, 50), Switzerland (SW, ¢0.4~20, -), UK (RW, (5~95, 43~80), '
USA (SW & GW, ND~730, 0~100)
Triclocarban China (SW, 1.2~338, 100) 165
Triclosan-methyl Spain (SW, ND~12, 0~100) 173,179
Australia (SW, Max: 150, 64), Canada (SW, Mean: ND~134, -), Korea (SW, ND~5_3, 0~50), 3,5,7,16,137~140,14
Pyrimidine Trimethoprim Serbia (SW & GW, 24~174, -), Spain (RW, 9.5~22 8, -), Sweden (RW, (1~20, 100), 2,143,146,147,149 1
UK (RW, ND~569, 0~100), USA (SW & GW, ND~150, 32~74) 54,163,180~182
Sulfadiazine China (RW, 38~336, ~100), ltaly (RW, 236, -), USA (SW, 50, -) 137,144,152,183
Suffadimethoxine Italy (RW, 28~74, -), Korea (SW, ND~240, 0~25), Luxembourg (RW, <0.3~3, -), 3,23,137,140,146,15
Spain (RW, ~8 3, -), USA (SW & GW, ND~68, 0~8) 4,183~186
Sulfamerazine Korea (SW, ND~115, 0~13) 154,186
Sulfonamide g ifamethazine Korea (SW, ND~250, 0~63), Luxembourg (RW, (0.3, -), Spain (RW, ~113, -), 23,24,137,140,154 1
Switzerland (SW, 54, -), USA (SW & GW, ND~360, 0~17) 57,184,186,187
Australia (SW, Max: 2000, 73), China (RW, 37~193, ~100), Germany (LW, 250, -), 3,5,7,16,24,137~140,
Italy (RW, ND~402, -), Korea (SW, ND~150, 0~13), Luxembourg (RW, 0.3~22, -), 142~144,146,147 149,
Sulfamethoxazole ,
Spain (RW, 58~149, -), Sweden (RW, (1~10, 50), UK (RW, <50, 0~100), 150,152~154,
USA (SW & GW, ND~1100, 0~91) 163,183~190
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Sulfapyridine Iltaly (RW, (12~121, -), UK (RW, (2~142, 0~100) 138,139,183
Sulfonamide Sufiathiazole Australia (SW, Max: 40, 21), Luxembourg (RW, 0.3~2, -), Korea (SW, ND~610, 0~88), 137,143,154,
USA (SW & GW, ND~80, 0~8) 184,186,187

Tetracycline

Chlortetracycline

3,137,143,146,

Australia (SW, Max: 600, 57), Korea (SW, ND~100, 0~63), USA (SW, ND~420, -) 153 154185187

Demeclocycline

USA (SW, 125~325, -) 153

Doxycycline

Australia (SW, Max: 400, 34), Korea (SW, ND~20, 0~75), USA (SW, 100, -) 137,143,154,186

Minocycline

Korea (SW, 0~200, 63), USA (SW, 18, -) 137,186

Oxytetracycline

Australia (SW, Max: 100, 13), Italy (RW, ND~19.2, -), Korea (SW, ND~110, 88), 3,4,137,143,150,
Luxembourg (RW, 0.3~7, -), USA (SW, ND~340, -) 153,184,186,187

Tetracycline

Australia (SW, Max: 80, 33), Korea (SW, ND~75, 0~100), Luxembourg (RW, 0.3~8, -), 3,137,143,146,153,
USA (SW, ND~300, -) 154,184,186,187

oth Metronidazole UK (RW, (1.5~24, 0~91) 138,139
ers
Vancomycin ltaly (RW, 0.44~11 69,-) 150
Anticoagulant Warfarin Spain (RW, Mean: 1, Max: 3, -), USA (SW, 12, -) 137,191
Amitryptiline Canada (RW, 0.87~3.7, -), UK (RW, ¢0.5~71.6, 0~100) 138,192,193
Citalopram Canada (RW, 3.4~115, -) 192
Diazenam Germany (RW, 33, -), Italy (RW, ND~2 13, 0~100), Romania (RW, 228~407, -), 14,6,141,163,191,
P Spain (RW, Mean: 3, Max: 12, -), UK (RW, ~10, 50), USA (SW, 0.43~62, 11) 193~195
Fluoxetine Canada (SW, ND~50, -), UK (RW, Mean: 9.0, Max: 13,5, 50), 3,24,137,142 161,
USA (SW & GW, ND~56, 0~16) 163,182,192,193
. Meprobamate USA (SW, ~73, 84~91) 16,163
Antidepressant " o zepam France (SW, 2.4, -), UK (RW, Mean: 3.2, Max: 5.5, 83) 193,196
Norfluoxetine* Canada (SW, ND~1 3, -), UK (RW, (5, 88), USA (SW, <0.5~2 .88, 0~1) 142,163,182,192,193
Oxazepam Spain (RW, Mean: 20, Max: 46, -), UK (RW, Mean: 11 4, Max: 17 4, 83) 191,193
Paroxetine Canada (RW, 1.3~3.0, -) 192
Sertraline Canada (RW, 0.84~2 4, -), Spain (RW, Mean: 11, Max: 12, -), USA (SW, 2.4~12.4, 3) 142,191,192
, Canada (RW, 12 9~459, -), Spain (RW, Mean: 12, Max: 59, -),
Venlafaxine UK (RW, Mean: 351, Max: 71.6, 100) 191-198
Austria (RW, 23.0~133.1, -), Canada (SW, 0,.3~650, 7~100), Finland (RW, (1.4~80, -), 5~7,22,59,92,122~124,
Germany (SW & GW, 45~1100, -), India (RW, ~128, 100), ltaly (RW, Max: 175.3,-),  137~139,141,142,145,
Carbamazepine Korea (SW, ND~595, 90), Romania (RW, (30~81.2, -), Serbia (SW & GW, 8~130, -), 151,154,160,163,164,
Spain (SW, (2~110, -), Sweden (RW, (1~500, 100), Taiwan (RW, ¢0.5~120, -), 180,182,185,190,
Antiepileptic UK (RW, ¢0.5~794, 0~100), USA (SW & GW, ND~113.7, 79~92) 191,197~203
Dilantin Korea (SW, 1,1~8.9, 75), USA (SW, Mean: 13, Max: 40, 91) 7,16
Gabapentin UK (RW, <0.,6~1887, 0~100) 138,139
Primidone Spain (RW, Mean: 39, Max: 200, -) 191
) ) Diltiazem Spain (RW, Mean: 4, Max: 9, -), UK (RW, (1~65, 0~100), USA (SW, 1 3~16, 10) 137,138,142,191
Antihypertensive -
Enalapril Italy (RW, Max: 0.5, -) 141
At s Cyclophosphamide Canada (SW, Mean: ND~6, -), ltaly (RW, ND, 0), Romania (RW, (30~64.8, -) 6,141,182
ntineoplastic
P Tamoxifen Spain (RW, Mean: 0,15, Max: 0.1, -), UK (SW, (10~212, -) 112,127,149,191
Acebutolol Finland (RW, <0.8~14, 100), Spain (RW, Mean: 44, Max: 170, -) 145,191,197
Finland (RW, (11.8~55, 100), ltaly (RW, 3.44~241, -), Korea (RW, ND~690, -), 4516.123.138.139
Atenolol Spain (RW, Mean: 470, Max: 900, -), Sweden (RW, 10~60, 100), 14’1’14'5 16‘3 19’1 19’7
UK (RW, (1~560, 0~100), USA (SW, Mean: 10, Max: 36~48, 63~74) oy
Beta-blocker Metonrolol Finland (RW, (3,8~116, 100), Spain (RW, Mean: 90, Max: 380, -), 5,138,139,145,
P Sweden (RW, 30~70, 100), UK (RW, ¢0.5~12, 50~100) 191,197
Propranclol Korea (RW, ND~40.1, -), Spain (RW, Mean: 54, Max: 270, -), 5,112,123,127,138,
P Sweden (RW, (1~10, 100), UK (SW, <0.5~215, 14~100) 139,149,190,191
Sotalol Finland (RW, (3.9~86, 100), Germany (GW, 560, -), Spain (RW, Mean: 100, Max: 160, -) 22,145191,197
Bronchodilator ~ Salbutamol Italy (RW, Max: 2 5, -), Spain (RW, Mean: 27, Max: 86, -), UK (RW, <0.5~8, 0~43) 138,141,191
BLLA
Austria (RW, 1.6~125, -), Brazil (RW, (25, -), Canada (SW, ND~470, 0~77), 0 4138-141 145
Fibrate Bezafibrate Finland (SW, ND~20, 43~100), Germany (RW, (50~88, 100), Italy (RW, 0.8~57 2, -), v S

Spain (RW, 26.7~78 4, -), UK (RW, (10~90, 0~83) 182,203~206
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Clofibrate USA (SW, ND~890, -) 162
Brazil (RW, (10~30, -), Canada (SW, ND~175, 0~54), China (RW, NQ~248, 88), 2,4,102,124,127,
Clofibric acid* Germany (SW & GW, (1~70, 15~100), ltaly (RW, 0.41~5.77, -), Korea (SW, 3~14,-),  138~140,151,154,
Fibrate Spain (SW, 10~20, -), Taiwan (RW, (8, -), UK (SW, ¢0.3~164, 11~100), 158,160~162,182,
USA (SW, ND~630, -) 200,201,205~208
Canada (SW, ND~580, 0~46), China (RW, ND~22 4, -), 5,7,16,104,137,140,
Gemfibrozil Germany (SW, (2~27, 4~100), Korea (SW, 1.0~9.1, 38), 154,158,163,182,
Spain (SW, (566~1,550, 67~100), Sweden (RW, 1~170, 100), USA (SW, ~38, 58~78)  205,206,208~210
Atorvastatin Canada (SW, 1~16, -), USA (SW, 3.0~101.3, 5) 142,182 211
Stati Lovastatin USA (SW, 10.6~102.9, 2) 142
atin
Pravastatin Spain (RW, ~40 4, -), UK (RW, (60, 0) 138~140
Simvastatin Spain (RW, ~7 5, -), UK (RW, (50, 0~9) 138~140
Diatrizoate Germany (SW & GW, 30~2,000, -), Spain (RW, ~58 8, -) 131,134,135,140,212
lohexol Germany (RW, 40~360, -), Spain (RW, ~71 4, -) 134,140
Contrast media lomeprol Germany (SW, 10~890, -) 131,134
lopamidol Germany (SW & GW, 160~2,800, -) 22,131,134, 212
loromide Australia (GW, 168, -), Germany (SW & GW, (10~1,600, -), Korea (SW, 20~361, 88), 7,131,132,134,135,
P Spain (RW, 74 4~505, -), USA (SW & GW, ND~22 4, -) 140,151,212
Diure Bendroflumethiazide UK (RW, (0,5~15, 0~9) 138
iuretic
Furosemide Italy (RW, Max: 2547, -), Spain (RW, Mean: 22, Max: 110, -), UK (RW, (6~630, 0~100)  138,139,141,191
Acetaminoohen Germany (RW, (5~66, 100), Korea (SW, ND~76, 0~75), Serbia (RW, 310~78170, -), 71’2121112?122}18400’
P Spain (RW, 163~260, -), UK (SW, (1.5~2382, 0~100), USA (SW & GW, ND~380, 13~75) ’205’213’ '
5-Aminosalicylic
) UK (RW, (15~190, 0~89) 138,139
acid
Austria (RW, 15.8~35 5, -), Brazil (RW, 20~60, -), Canada (SW, ND~194, 0~23),
China (RW, ND~147, -), Finland (SW, ND~55, 57~100), Germany (SW & GW, ND~ 2,5,7,22,59,102,104,
Diclofenac 15083, 37~100), Italy (SW, 1~69, -), Korea (SW, 1,1~6.8, 38), Luxembourg (RW, 127,138~140,145,149,
0.3~55, -), Slovenia (RW, 9~282, 69), Spain (SW, (2~610, 67~100), Sweden (RW,  163,181,182,184,190,
10~120, 50), Switzerland (SW, 20~150, -), Taiwan (RW, 24~62, -), 199~207,209,217
UK (SW, (0,5~568, 0~100), USA (SW, Max: 1.2, 21)
Fenoprofen Canada (SW, ND~64, 0~14), Germany (SW, (2~54, 7~100) 182,205,206,208
Brazil (RW, (10, -), Canada (SW, ND~6400, 0~50), China (RW, ND~1417, 82), 2,4~7,24,61,102,104,
Finland (SW, ND~69, 71~100), Germany (SW, (2~152, 22~100), Iran (RW, 19, 100), 112,123,127,137~141,
Ibuprofen Italy (RW, ND~785, -), Korea (SW, ND~414, 0~75), Luxembourg (RW, 9~2383, -), 145,149,151,154,156,
P Romania (RW, (30~1152, -), Singapore (RW, (2~76, -), Spain (SW, (8~2700, 67~100), 158~162,182,184,
Sweden (RW, 10~220, 100), Taiwan (RW, (12~30, -), Switzerland (SW, 10~400, -), 199~201,204~208,
NSAID UK (SW, (0.3~5044, 20~100), USA (SW & GW, ND~5850, 0~67) 210,218,219
Indomethacin Canada (SW, ND~150, 0~13), Germany (SW, (5~60, 4~100), Korea (RW, (1~33,5,-)  123,182,205,206,208
Canada (SW, ND~79, 0~23), Finland (SW, ND~28, 29~100), Spain (SW, ND~300, 5,104,138,139,145,
Ketoprofen 0~33), Sweden (RW, 10~70, 75), Switzerland (SW, ND~5, -), Taiwan (RW, 110~620, -), 182,200,201,204,
UK (RW, (0.5~14, 22~69) 206,210,215,219
Meclofenamic acid Canada (SW, 80~115, 100) 104
Meferamic i Austria (RW, (0.4~136, -), China (RW, ND~22 .4, -), Korea (SW, 5~326, -, 123,127,138,139,
UK (SW, (0.3~366, 0~100) 149,151,154,203,209
Brazil (RW, (10~50, -), Canada (SW, ND~4500, 0~75), China (RW, ND~328, 23), 2,5,7,16,102,104,138~
Finland (SW, ND~45, 43~100), Germany (RW, ND~70, 0~100), Iran (RW, 9, 100), 140,145,151,154,156,
Naproxen Korea (SW, 1.8~18, 75), Singapore (RW, 8~108, -), Slovenia (RW, 17~313, 69), 158,159,161~163,182,
Spain (SW, ND~2000, 33~100), Sweden (RW, 90~250, 75), 204~206,209,210,
Switzerland (SW, 10~400, -), UK (RW, ¢0.3~146, 20~100), USA (SW, ND~145, 0~100) 214,215,218~220
Phenazone Germany (RW, (10~85, 100) 205
Salioviic acid* Canada (SW, 130.4~17000, 13~100), China (RW, 9~2098, 100), Germany (SW, (50, -), 6,104,138~140,158,
Y Romania (RW, (30~41 8, -), Spain (SW, 18~8800, ~100), UK (RW, (0,3~302, 60~100) 206,210,221
Sulfasalazine UK (RW, ¢(15~168, 0~100) 138
Romania (RW, (30~683.2, -), Spain (RW, 29 9~149, ~100), Switzerland (SW, (1~18, 6137140 151
Opioidanalgesic ~ Codeine 31~57), Taiwan (RW, Mean: 16, Max: 57, 82), UK (RW, (1.5~815, 0~100), ' JUN

USA (SW & GW, ND~10, 8) 193,222-224
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EDDP Switzerland (SW, 0.6~12.2, 100), UK (RW, Mean: 19.1, Max: 38,2, 100) 193,203
Opioidanalgesic ", i Spain (RW, 89, 100), Switzerland (SW, ND~14, 0~41), UK (RW, ND~35.8, 17) 193,003 224
Norcodeine UK (RW, Mean: 8.9, Max: 19,9, 83) 193
Tramadol UK (RW, (30~7731, 0~100) 138,139,193
Canada (SW, ND~1590, 33~47), Korea (SW, ND~480, 0~100), Romania (RW, 5~7,104,137,140,
Caffeine 363~11121, 100), Spain (RW, 291~526, -), Sweden (RW, (5~110, 100), UK (RW, 142,151,154,182,

Psycho-stimulant

Mean: 265, Max: 437, 100), USA (SW & GW, ND~224 8, 92~100)

193,225,226

Amphetamine

Spain (SW, ND~12 1, 0~7), UK (RW, (1~14, 0~100)

138,193,224,227

17 a-Estradiol

Austria (SW & GW, ND~0.31, 4~7), China (RW, ND~2, 22),
France (GW, 0.8~3.5, -), USA (SW, 30, -)

3,158,228~230

Austria (SW & GW, ND~1.2, 52~60), China (RW, ND~120, 11), France (SW & GW, 3,119,120,156,158,

17B-Estradiol

0.3~4 4, -), Germany (SW, <0.2, -), Italy (RW, 0.11~6, -), Japan (SW, ¢0.3~32, ~100),
Luxembourg (RW, 1~35, -), Spain (RW, 6.3, -), USA (SW, ND~17, 5)

150,161,163,184,
209,228~239

Austria (SW & GW, ND~1.9, 2~8), China (RW, ND~1, 5), France (SW, 1.0~2.9, -),

3,158,191,229,

Estriol Italy (RW, 0.33~5, -), Japan (RW, (0.2~5.5, ~100), Spain (RW, 8~72, -), 930937 239
Singapore (RW, (3~451, -), USA (SW, 19, -) '
Sex hormone Austria (SW & GW, ND~4 6, 18~76), China (RW, ND~200, 65), France (SW & GW, 3,7,16,119,120,156,
Estrone 0.3~57 8, -), Germany (SW, 0,11~0.21, -), ltaly (RW, 1.5~12, -), Japan (RW, 0.2~47 6, 158,159,161,163,184,

~100), Korea (SW, 1.7~50, 38), Luxembourg (RW, 0.3~27, -), Singapore (RW, 191,209,228~236,

(1~304, -), Spain (RW, <4.3, -), UK (RW, ND~10, 62), USA (SW, ND~27, 0~79)

239~241

Austria (SW & GW, ND~0.94, 1~2), China (RW, ND~1, 5), France (SW & GW, 3,120,141,158,163,

170-Ethinylestradiol 05~3.0, -), Germany (SW, (0.2, -), ltaly (RW, ND~1, -), Japan (RW, ¢0.2, 100), 184,228,229,
Luxembourg (RW, <2.0, -), USA (SW, <0.05~783, 5) 232~235,238

Progesterone USA (SW, Max: 3.2, 21) 163

Testosterone USA (SW, Max: 12, 11) 163

* . Metabolite, SW : surface water, RW : river water, GW : groundwater, ND : not detected, NQ : detected but too low to be quantified
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Table 4, Toxicity classification of residual pharmaceuticals in
water environment®*

Eco-toxicity LC/EC/ICs (fish, crustacean, algae)
Low »100 mg/L
Moderate »10~100 mg/L
High 1~10 mg/L
Very high (1 mg/L
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Table 5. Toxicity data of pharmaceuticals for non-target organism
Therapeutic Compounds Test organism . Acute toxicity Ref.
use Taxon Species Test Data
Antibiotic
B-Lactam Amoxicillin Algae M. aeruginosa ECso (72 h) 0.0037 mgy/L, growth inhibition 243
Algae S, capricornutum  NOEC (72 h) 250 mg/L, growth inhibition 243
Algae S, legpoliensis ECso 222 ug/L, growth inhibition 244
Algae S, legpoliensis NOEC 0.78 ug/L, growth inhibition 244
Bacteria V fischeri ECso (15 min) 3597 mg/L, luminescence 245
Penicilin G Algae M. aeruginosa ECso 0.006 mg/L, growth rate 246
Algae S. capricormutum  NEOC 100 mg/L, growth rate 246
Quinolone Enrofloxacin Crustacean D magna ECso (48 h) 56.7 mg/L, immobilization 245
Crustacean D magna NOEC (21 d) 5 mg/L, reproduction 245
Norfloxacin Algae S. capricormnutum  ECsg 16,6 mg/L, growth inhibition 247
Algae S, capricomutum  NEOC 401 mg/L, growth inhibition 247
Algae C. vulgaris ECso 10.4 mg/L, growth inhibition 247
Algae C. wulgaris NOEC 402 mg/L, growth inhibition 247
Rotifer B calycifiorus LCso (24 h) 29,88 mg/L, mortality 248
Ofloxacin Algae M. aeruginosa ECso (72 1) 0,180 mg/L, growth inhibition 243
Algae P, subcapitata ECso (72 h) 1.44 mg/L, growth inhibition 248
Rotifer B calycifiorus ECso (48 h) 0,53 mg/L, population growth inhibition 248
Crustacean D magna ECso (24 h) 31,75 mg/L, immobilization 248
Lincosamide  Lincomycin Algae P, subcapitata ECso (72 h) 0.07 mg/L, growth inhibition 248
Rotifer B calycifiorus LCs0 (24 1) 24 94 mg/L, mortality 248
Rotifer B calycifiorus ECso (48 h) 0.68 mg/L, population growth inhibition 248
Crustacean D magna ECso (24 1) 23,18 mg/L, immobilization 248
Crustacean 7. platyurus LGCso (24 1) 30,00 mg/L, mortality 248
Macrolide Clarithromycin Algae P, subcapitata ECso (72 & 96 h) 72 h: 0,002 mg/L, 96 h: 11 pg/L, growth inhibition 248 249
Algae P subcapitata NOEC (96 h) 3.1 ug/L, growth inhibition 249
Crustacean D magna ECso (24 h) 25,72 mg/L, immobilization 248
Fish O latipes LCs0 (96 h) »100 mg/L, mortality 250
Erythromycin Algae P subcapitata ECso (72 h) 0.02 mg/L, growth inhibition 248
Rotifer B calycifiorus LCso (24 h) 27 53 mg/L, mortality 248
Rotifer B calycifiorus ECso (48 h) 0.94 mg/L, population growth inhibition 248
Crustacean 7. platyurus LGCso (24 1) 17.68 mg/L, mortality 248
Crustacean D magna ECso (24 h) 22 45 mg/L, immobilization 248
Fish O latjpes LGCso (96 1) »100 mg/L, mortality 250
Duckweed Lemna minor ECso (7 d) 5,62 mg/L, growth inhibition 251
Spiramycin Algae M, aeruginosa ECso 0,005 mg/L, growth rate 246
Algae S, capricomutum  ECso 2.3 mg/L, growth rate 246
Tylosin Algae M. aeruginosa ECso 0.034 mg/L, growth rate 246
Algae S. capricomutum  ECsg 1.38 mg/L, growth rate 246
Crustacean D magna ECso (48 h) 680 mg/L, immobilization 252
Crustacean D magna NOEC (21 d) 45 mg/L, reproduction 252
Phenol Triclosan Algae S, subspicatus NOEC (72 h) 500 ng/L, growth 253
Pyrimidine Trimethoprim Algae M. aeruginosa ECso (72 1) 112 mg/L, growth inhibition 243
Algae S, capricomutum  ECsp (72 h) 130 mg/L, growth inhibition 243
Bacteria V fischeri ECso (15 min) 176.7 mg/L 10
Crustacean D magna ECso (48 h) 92 mg/L, immobilization 254
Crustacean M macrocopa ECso (48 h) 54 8 mg/L, immobilization 254
Cnidarian Hyara attenuata  LCs (96 h) »100 mg/L, morphology 255
Fish O, latppes LCs0 (48 & 96 h) »100 mg/L 10
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Sulfonamide  Sulfadiazine Algae M, aeruginosa ECso (72 h) 0,135 mg/L, growth inhibition 243
Algae S, capricormutum  ECso (72 h) 7.8 mg/L, growth inhibition 243
Crustacean O magna ECso (48 h) 212 and 221 mg/L, immobilization 249,254
Sulfadimethoxine ~ Algae S capricormutum  ECsp (72 h) 2.3 mg/L, growth inhibition 247
Algae C. vulgaris ECso 11,2 mg/L, growth inhibition 247
Bacteria V/ fischeri ECso (15 min) y500 mg/L 10
Crustacean D magna ECso (48 & 96 h) 48 h: 248 mg/L, 96 h: 204 5 mg/L, immobilization 10
Fish O latjpes LCso (48 & 96 h) »100 mg/L 10
Sulfamethazine  Bacteria V fischeri ECso (15 min) 3447 mg/L 10
Crustacean D magna ECso (48 & 96 h) 48h: 174 4 mg/L, 96 h: 158.8 mg/L, immobilization 10
Fish O latjpes LCeo (48 1) »100 mg/L 10
Sulfamethoxazole Algae P subcapitata ECso (72 h) 0.52 mg/L, growth inhibition 248
Algae S, capricomutum  ECsg 1,563 mg/L, growth inhibition 247
Bacteria V fischeri ECso (15 &30 min) 15 min: 78,1 mg/L, 30 min: 23 3 mg/L, luminescence 10,248
Crustacean D magna ECso (24 h) 25,2 mg/L, immobilization 248
Cnidarian Hyala attenuata  LGCso (96 h) »100 mg/L, morphology 255
Rotifer B calycifiorus LCso (24 h) 26,27 mg/L, mortality 248
Rotifer B calycifiorus ECso (48 h) 9.63 mg/L, population growth inhibition 248
Fish O, latjpes LCso (48 h) Y750 mg/L 10
Sulfapyridine Cnidarian H attenuata LCs0 &ECs0 (96 1)  LCso: ) 100 mg/L, ECso: 21, 61 mg/L, morphology 255
Sulfathiazole Bacteria V/ fischeri ECs0 (15 &30 min) ) 1000 mg/L 10
Crustacean D magna ECso (48 & 96 h) 48 h: 149.3 mg/L, 96 h: 85 4 mg/L, immobilization 10
Fish O latjpes LCso (48 896 h) »500 mg/L 10
Tetracycline  Chlortetracycline  Algae M. aeruginosa ECso 0.05 mg/L, growth inhibition 246
Bacteria V fischeri ECso (15 min) 13.0 mg/L, luminescence 245
Crustacean D magna ECso (24 & 48 h) 24 h: 380.1 mg/L, 48 h: 225 mg/L, immobilization 245
Fish O latjpes LGCso (24 &48h) 24 h: 88 4 mg/L, 48 h: 78 9 mg/L, mortality 245
Oxytetracycline  Algae M. aeruginosa ECso (72 h) 0.207 mg/L, growth inhibition 243
Bacteria V/ fischeri ECso (15 &30 min) 15 min: 87 mg/L, 30 min: 64,5 mg/L, luminescence 245248
Rotifer B calycifiorus LCso (24 h) 34 21 mg/L, mortality 248
Cnidarian H attenuata LCso &ECs0 (96 1) LCso: ) 100 mg/L, ECso: 40,13 mg/L, morphology 255
Crustacean  C aubia ECs0 (24 h &7 d) zigt;l;t?(‘)gf)g?;%? ilr::]?!)ﬁglr:zatlon’ 7d:0.18mgl, 248
Fish O, latjpes LCso (24 &48h) 24 h: 2154 mg/L, 48 h: 110,1 mg/L, mortality 245
Tetracycline Algae M. aeruginosa ECso 0.09 mg/L, growth rate 246
Algae S. capricomutum  ECsg 2.2 mg/L, growth rate 246
Crustacean D magna ECso (21 d) 44 8 mg/L, reproduction 252
Duckweed L, minor ECso (7 d) 1,06 mg/L, growth inhibition 251
Others Metronidazole Crustacean D magna NOEC (21 d) 250 mg/L, reproduction 252
Antidepressant Citalopram Crustacean  C adubia LCso (48 h) 39mg/L, 256
Diazepam Algae T. chuii ICso 16,5 mg/L 257
Crustacean A parthenogenetica LCso 12,2 mg/L 257
Crustacean D magna LCso 13,9 mg/L 258
Cnidarian H. vulgaris f:g::gg;g polps {1 mg/L, chronic toxicity: 10 ug/L 259
Fluoxetine Algae D, tertiolecta ECso (96 h) 169.81 ug/L, growth inhibition 107
Algae P, subcapitata ECs0 (120 h) 24 ug/L, growth 260
Crustacean  C, dubia LCsp (48 h) 234 yg/L 260
Crustacean D, magna LCeo (48 1) 820 ug/L 260
Fish P pimelas LCsp (48 1) 705 pg/L 260
Paroxetine Crustacean  C dubia LCso (48 h) 0.58 mg/L, 256
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Sertraline Algae P subcapitata ECso & NOEC (72'h) 0,14 & 0,05 mg/L, inhibition 261
Algae P, subcapitata ICs0 (96 h) 98,92 ug/L, growth inhibition 262
Crustacean O magna ECso & NOEC (48'h) 1.3 & 0.1 mg/L, immobilization 261
Crustacean D magna ECso & NOEC (21 d) 0,066 & 0,032 mg/L, reproduction 261
Shrimp T. platyurus LCs0 &NOEC (24 h) 0.6 & 0.4 mg/L, lethality 261
Fish O, mykiss LCso & NOEC (96 h) 0.38 & 0.1 mg/L, lethality 261
Antiepileptic ~ Carbamazepine  Algae D subspicatus ~ ECsy 74 mg/L, growth inhibition 108
Algae P subcapitata NOEC (96 h) 100,000 ug/L, growth inhibition 263

Bacteria V fischeri ECso (15 &30 min) 15 min: 52,2 mg/L, 30 min: 81,000 ug/L 10,263

Crustacean D magna ECso (48 h) »100 mg/L & »13,800 pg/L, immobilization 10,263
Cnidarian Hyara attenuata L Cso & ECso (96 h)  LCso: 29.4 mg/L, ECso: 15,52 mg/L, morphology 255

Fish O latjpes LCso (48 896 h) 48 h: 354 mg/L, 96 h: 35.4 & 45 87 mg/L, mortality 10,250
Duckweed L, minor ECso (7 d) 255 mg/L, growth inhibition 108
Antineoplastic - Cyclophosphamide Algae P subcapitata ECso & NOEC (72 h) ) 100 mg/L, growth inhibition 264
Crustacean D magna ECs (210) »100 mg/L, reproduction 264
Tamoxifen Rotifer B calycifiorus LCsp (24 1) 0.97 mg/L, mortality 265
Crustacean D magna ECso (24 h) 1,63 mg/L, immobilization 265
Crustacean 7. platyurus LGCso (24 1) 0.40 mg/L, mortality 265
Beta-blocker  Atenolol Algae D subspicatus ~ ECso 620 mgy/L, growth inhibition 266
Crustacean D magna ECso (48 h) 313 mg/L, immobilization 266
Fish O latjpes LCs0 (96 h) »100 mg/L, mortality 250
Metoprolol Algae D subspicatus ~ ECsg 7.3 mg/L, growth inhibition 108

Crustacean D magna ECso (48 h) »100 & 438 mg/L, immobilization 108,266
Fish O, latppes LCso (48 h) »100 mg/L, mortality 267

Propranolol Algae D subspicatus ~ ECso &ECso (48 h) 5.8 & 0.7 mg/L, growth inhibition 108,266

Crustacean D magna ECso (48 1) 75 & 7.7 mg/L, immobilization 108,266

Fish O latjpes LCso (48 896 h) 48 h: 24 3 mg/L, 96 h: 11.4 mg/L, mortality 250,267

Duckweed L, minor ECs0 & ECso (7 d) 113 & 114 mg/L, growth rate and growth inhibition 108,266

BLLA

Fibrate Bezafibrate Rotifer B calycifiorus LCso (24 h) 60,91 mg/L, mortality 268
Crustacean D magna ECso (24 h) 100,08 mg/L, immobilization 268
Cnidarian H. attenuata L Cso & ECs0 (96 ) LGCso: 70,71 mg/L, ECso: 25.85 mg/L, morphology 255
Clofibrate Fish D rerio LGCso (96 h) 0.89 mg/L, mortality 269
Clofibric acid* Algae D subspicatus ~ ECso 115 mg/L, growth inhibition 108
Bacteria V fischeri ECso (30 min) 100 mg/L 270
Ciliates T. pyriformis ECso (48 h) 175 mg/L, growth inhibition 270

Crustacean D magna ECso (48 1) 72 mg/L & ) 200 mg/L, immobilization 108,263
Duckweed L. minor ECso (7 d) 12,5 mg/L, growth inhibition 108
Gemfibrozil Algae C. vulgaris ECso (24 h) 195 mg/L, growth 271
Algae P, subcapitata ECs0 (72 h) 15,19 mg/L, growth inhibition 268

Bacteria V fischeri ECs0 (0.5, 24 & 48 h) 85,74, 64 6 & 45,1 mg/L, bioluminescence 268,271
Crustacean D magna ECso (24,48 & 72h) 571,426 & 30,0 mg/L, immobilization 271
Statin Atorvastatin Duckweed L. gibba LOEC (7 d) 300 ug/L, growth parameters 272
Simvastatin Algae D tertiolecta ECso (96 h) 22 8 mg/L, growth inhibition 107
Copepod N. spinjpes [ Cso (96 h) & LOEC  LGCsp: 810 pg/L & LOEC: 0.16 ug/L, growth rate 273
Grass shrimp P, pugio LCs0 (96 h) & NOEC 1,18 & 0,625 mg/L, larvae survival 274
Contrast media lopromide Algae S subspicatus ~ ECso (72 h) »10.0 g/L, growth inhibition 275
Bacteria V fischeri ECso (30 min) »10.0 g/L, luminescence 275

Crustacean O magna ECso (24 & 48 h) »10.0 & ) 1 g/L, immobilization 275,276
Fish L, idus LCso (48 h) »10.0 g/L, mortality 275
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NSAID Diclofenac Algae D subspicatus ~ ECsg 71.9 & 72 mg/L, growth inhibition 108,277
Algae P, subcapitata NOEC & LOEC (96 h) 10,000 & 20,000 ug/L, growth inhibition 263
Bacteria V fischeri ECso (30 min) 11,454 v 263
Crustacean D magna ECso (48 h) 22 43 & 68 mg/L, immobilization 263,277
Fish O mykiss LOEC (28 d) 1 &5 ug/L, histopathological & cytological alterations 278,279
Fish D, rerio NOEC & LOEC (10 d) 4000 & 8000 ug/L, survival 263
Duckweed L. minor ECso (7 d) 7.5 mg/L, growth inhibition 108
Ibuprofen Algae D subspicatus ~ ECso 315 & 342 2 mg/L, growth inhibition 108,277
Crustacean O magna ECso (48 h) 1~100, 101.2 & 108 mg/L, immobilization 102’:077’
Crustacean 7. platyurus LGCso (24 1) 19,59 mg/L, mortality 250
Cnidarian H. attenuata L Csp &ECs0 (96 1) LGCso: 22.36 mg/L & ECso: 1,65 mg/L, morphology 255
Mollusc P carinatus LGCso (72 1) 171 mg/L, survival 281
Mollusc P caninatus NOEC (21 d) 5,36 mg/L: survival, 1.02 mg/L: growth 281
Fish O latjpes LGCso (96 h) »100 mg/L, mortality 281
Indomethacin Crustacean 7. platyurus LCs0 (24 h) 16.14 mg/L, mortality 250
Fish O, latppes L Cso (96 h) 81,92 mg/L, mortality 250
Mefenamic acid ~ Crustacean 7. platyurus LCsp (24 1) 3.95 mg/L, mortality 250
Fish O, latppes L Cso (96 h) 8.04 mg/L, mortality 250
Naproxen Algae D subspicatus ~ ECsg »320 & 6255 mg/L, growth inhibition 108,277
Algae P subcapitata ECso (72 h) 31,82 mg/L, growth inhibition 282
Rotifer B calycifiorus ECso (48 h) 0.56 mg/L, growth inhibition 282
Rotifer T, platyurus LCeo (24 1) 84,09 mg/L 282
Crustacean D magna ECso (48 h) 166.3 & 174 mg/L, immobilization 108,277
Crustacean  C aubia ECso (24 1) 66.37 mg/L, immobilization 282
Cnidarian H attenuata LCso &ECs0 (96 1)  LCso: 22,36 mg/L & ECso: 2,62 mg/L, morphology 255
Duckweed L, minor ECso (7 d) 24 2 mg/L, growth inhibition 108
Salicylic acid Algae S subspicatus ~ ECso (72 h) »100 mg/L 270
Bacteria V fischeri ECso (30 min) 90 mg/L 270
Ciliates T_ pyriformis ECso (48 h) »100 mg/L, growth inhibition 270
Crustacean O magna ECso (24 h) 118 mg/L, immobilization 270
Sex hormone  17p-Estradiol Fish O, latppes NOEC & LOEC (21 d) (29.3 & 26.3 ng/L, testis-ova induction 283
17a-Ethinylestradiol Fish P. promelas LOEC (21 d) 1 ng/L, plasma VTG induction & ultrastructure testes 116

ECso: half effective concentration, LCso: half lethal concentration, ICso: half inhibitory concentration, NOEC: no observed effect concentration,
LOEC: lowest observed effect concentration
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