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Abstract: Antidepressants are commonly prescribed psychotropic drugs. Trace levels of antidepressants and
their byproducts are widely detected in wastewater and other environmental water samples with the
development of chemical analysis, which is considered as emerging organic contaminants. In this review,
current pollution status of antidepressants and their characteristics as well as ecotoxicity in aquatic ecosystem
are discussed. Antidepressants in sewage treatment plants, sediments and aquatic organisms are reported at a
range of ng-L™" to pg-L™" (or ng-L™' ~ugkg™), and urban and hospital sewage treatment plants are considered as
the major sources. Since antidepressants can accumulate in biological tissues, they are supposed to have
potential chronic toxicity to organisms. Ecotoxicity data indicate that environmental antidepressants are unlikely
to cause acute lethal effects on aquatic organisms. However, antidepressant exposure can affect the growth and

development of aquatic animals, disrupt endocrine and reproductive functions, and alter reproductive behaviors,
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which has potential ecological risk and possible threatens to human health. In recent years, research on
antidepressants in environment increases globally, but such research is limited in China. Therefore, it is urgent
to assess the risk of antidepressant pollution in the urban water system in China.

Key words: antidepressant; aquatic environment; pollution characteristics; ecotoxicity
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Table 1 Typical antidepressants
Name; CAS; Name; CAS;
Classification Log Kow/pKa; Chemical formula Classification Log Kow/pKa; Chemical formula
water solubility water solubility
Tiproniazid Sertraline
CAS: 54-92-2 CAS: 79617-96-2
pKa=3.82 AN pKa=9.85
Log P: 0.37 I LogP:5.1
WS: - N A WS: 3.5 mg L™
SSRIs
F
Phenelzine Citalopram
CAS: 51-71-8 CAS: 59729-33-8 O
pKa=5.55 pKa=9.78 P
LogP: 1.1 LogP:3.5 O o
WS: 29100 mg-L™ WS: slight soluble
NH(CH,)COOH
MAOI Safrazine S_PtH;( Tianeptine Cl
CAS: 33419-68-1 reuptake CAS: 72797-41-2 M=o
inhibitor \\Y
II3C (o)
O
. Venlafaxine /
Selegiline X ~\
CAS: 14611-51-9 CAS: 93_413'69'5
Ka=8 67 L =cn pKa=8.91
Lpog P:2.7 e’ N Log P: 2.69 -1 on
WS: - WS: 572000 mg-L
Moclobemide Duloxetine Q
CAS: 71320-77-9 Q o CAS: 136434-34-9 Q
pKa=6.02 /@AN’\/N\) pKa=9.7 o
LogP: 1.5 Cl H SNRIs LogP: 4 S
WS: - WS: - < N
CH;
Imi . IO
mipramine . .
g Milnacipran A
CAS: 50-49-7 O O CAS: 92623-85-3 < N7 ey
pKa=9.4 N pKa=9.83 LN
WsL-Olg 8P2: 4.8,01;1 Ly CHs Log P: 1.42 CHy
FSeme fotR WS: 19000 mg-L™! HN
z
Chlorimipramine Trazodone NJ\/N]
CAS: 303-49-1 Q . O CAS: 19794-93-5 -
pKa=9.2 i pKa=7.09 ~, /7 °
Log P: 5.19 K/\T;I'CH‘ Log P: 2.9 Q‘N\_/N
WS: 0.294 mg-L™" CHj WS: indissolvable al
TCA
Amitriptyline CHCH,CH,N(CH;), Maprotiline CH,CH,CH,NHCH;
CAS: 50-48-6 | CAS: 10262-69-8
pKa=9.4 O O pKa=10.54
Log P: 4.92 LogP: 5.1
WS:9.71 mgL™ WS: slight soluble
NaRlIs
Doxepin CHE c Mianserin
CAS: 1668-19-5 ([ HCHCHN(CHy), CAS: 24219-97-4
pKa=9.76 pKa=6.92
Log P: 4.29 o Log P: 3.83
WS: 31.6 mg-L™ WS: -

H;
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be continued:

Name; CAS; Name; CAS;
Classification Log Kow/pKa; Chemical formula Classification Log Kow/pKa; Chemical formula
Water solubility Water solubility
. . H
Fluoxetine H Reboxetine N. o~
CAS: 54910-89-3 O, NS CAS: 98769-81-4 [ H3g Q
pKa=9.8 O pKa=7.91 o
Log P: 4.1 F Log P: 3.1
WS: 50000 mg-L™" WS: 8000 mg-L™"
H
N =
Paroxetine O\/ Mirtazapine N )
SSRIs CAS: 61869-08-7 O 0 CAS: 61337-67-5 N
pKa=9.77 \@ b NaSSA pKa=6.67 N
LogP:3.6 Y LogP:2.9 Q_
WS: >1000 mg-L™' WS: slight soluble N
CHj;
F
Fluvoxamine o Bupropion o
CAS: 54739-18-3 NTNTNH, CAS: 34841-39-9 [ H
pKa=9.16 0" NDRIs pKa=8.22 Cl N\é
LogP:3.2 FiC LogP:3.6
WS: -- ; WS: 312000 mg-L™
"pKa: Acidity coefficient; *Log P: octanol-water partition coefticients; "WS: water solubility; - No data.(This table data derived from Drugbank
database)
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ngL™), EHHEMEITG1.2ng L"), B PEIT(2000 ng- L"), FARIWHI(G516 ngL™"), arlibk(120 ngL™"),
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Table 2 Environmental concentrations of typical antidepressants
Compound Concentration /ng-L™" Source of sample Area Reference Year
Anmitriptyline 17.6~20.8 WWTP influent Canada [22] 2008
15.6~21.0 WWTP effluent
0.87~3.70 WWTP downstream river water
46~283 WWTP influent [23] 2012
26~128 WWTP effluent
0.5~21 WWTP effluent USA [24] 2008
25~86 WWTP effluent [25] 2008
37~290 Medical waste [17] 2011
110 WWTP effluent [26] 2014
849 WWTP influent England [27] 2008
207 WWTP effluent
35.5~1055.5 WWTP influent [28] 2013
18.2~243.0 WWTP effluent
6 WWTP effluent France [29] 2008
1.4 Drinking water
0.3 WWTP effluent EU [30] 2013
3 WWTP influent China [31] 2015
1.2 WWTP effluent
4.37(wet-season) WWTP influent Mexico [32] 2016
<0.26(dry-season)
2.45(wet-season) WWTP effluent
1.76(dry-season)
Doxepin 920 WWTP influent Germany [33] 2006
360 WWTP effluent
6 Surface water
0.8 WWTP influent China [31] 2015
16.1 WWTP effluent
0.1~2.0 River water
Fluoxetine 50~99 WWTP effluent Canada [34] 2003
3.1~3.5 WWTP influent [22] 2008
2.0~3.7 WWTP effluent
0.42~1.3 WWTP downstream river water
1842 WWTP influent [18] 2007
14+0.1 WWTP effluent
20~91 WWTP influent [35] 2010
9.0~26 WWTP influent [23] 2012
7.6~20 WWTP effluent
16.2~43.2 WWTP downstream river water USA [36] 2010
12.30 WWTP downstream river water [34] 2008
12 Surface water [37] 2002
40~73 WWTP effluent [25] 2008
0.8 Drinking water [38] 2009
42~180 Medical waste [17] 2011
8.7 WWTP effluent [26] 2014
0.4~2.4 WWTP influent Norway [19] 2006
1.2~1.3 WWTP effluent
1.1~18.7 WWTP influent [39] 2008
0.6~8.4 WWTP effluent
nd-3465 WWTP influent Portugal [16] 2011
5.21~17.8 WWTP influent 1 [40] 2016
10.5~34.0 WWTP effluent 1
5.20~9.39 WWTP influent 2
11.3~30.1 WWTP effluent 2
19~929 WWTP effluent Spain [41] 2007
55.2~1310 WWTP influent Hong Kong [42] 2012
15.7~30.3 WWTP effluent
4.9~175.9 WWTP influent England [28] 2013
5.6~44.9 WWTP effluent
0.4 WWTP influent China [31] 2015
2.6 WWTP effluent
1.4 River water
<2.9(wet-season) WWTP influent Mexico [32] 2016
<2.9(dry-season)
6.6(wet-season) WWTP effluent
4.41(dry-season)
5.72 Surface water Portugal [43] 2016
3.4~118.0 WWTP influent England [28] 2013
1.1~20.0 WWTP effluent
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be continued:
Compound Concentration /ng-L™" Source of sample Area Reference Year
Norfluoxetine 0.83~1.0 WWTP downstream river water USA [34] 2008
1.8~4.2 WWTP influent Canada [22] 2008
1.7~1.8 WWTP effluent
1.2~13 WWTP downstream river water
11 WWTP influent [35] 2010
6.3~11 WWTP influent [23] 2012
5.7~10 WWTP effluent
0.7~9.3 WWTP influent Norway [39] 2008
0.7~2.4 WWTP effluent
7.7 WWTP effluent [26] 2014
7.66 Surface water Portugal [43] 2016
nd-51.2 WWTP influent 1 [40] 2016
nd WWTP effluent 1
nd-45.2 WWTP influent 2
nd WWTP effluent 2
Paroxetine 2.1~3.0 WWTP downstream river water USA [34] 2008
13 WWTP effluent [25] 2008
28 Medical waste [17] 2011
4.6~5.3 WWTP influent Canada [22] 2008
4.3~52 WWTP effluent
1.3~3.0 WWTP downstream river water
7.16 WWTP influent [35] 2010
4.3~16 WWTP influent [23] 2012
4.0~12 WWTP effluent
0.6~12.3 WWTP influent Norway [19] 2006
0.5~1.6 WWTP effluent
2.9~12.9 WWTP influent [39] 2008
1.0~11.7 WWTP effluent
>2000 Medical waste [44] 2008
27~39.732 WWTP influent Portugal [16] 2011
45~105 WWTP influent [45] 2011
60~240 WWTP effluent
nd-22.3 WWTP influent 1 [40] 2016
nd WWTP effluent 1
nd-23.6 WWTP influent 2
nd-26.5 WWTP effluent 2
1141 WWTP effluent Spain [41] 2007
nd WWTP influent [46] 2015
2.4 WWTP effluent
Fluvoxamine 0.4~3.9 WWTP influent Norway [19] 2006
- WWTP effluent
0.8~1.7 WWTP influent [39] 2008
0.49~0.8 WWTP effluent
5.1~5.3 WWTP influent Canada [23] 2012
2.9~3.9 WWTP effluent
354~516 Medical waste China [20] 2013
Sertraline 33~49 WWTP downstream river water USA [34] 2008
57~87 WWTP effluent [25] 2008
78~120 Medical waste [17] 2011
71 WWTP effluent [26] 2014
6.0~6.1 WWTP influent Canada [22] 2008
5.1~5.8 WWTP effluent
0.84~2.4 WWTP downstream river water
14~34 WWTP influent [35] 2010
7.6~34 WWTP influent [23] 2012
5.7~21 WWTP effluent
1.8~2.5 WWTP influent Norway [19] 2006
0.9~2.0 WWTP effluent
8.4~19.8 WWTP influent [47] 2008
3.7~14.6 WWTP effluent
2.1 WWTP effluent EU [30] 2013
3.11(wet-season) WWTP influent Mexico [32] 2016
<0.77(dry-season)
5.99(wet-season) WWTP effluent
6.53(dry-season)
21~37 Medical waste China [20] 2013
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be continued:
Compound Concentration /ng-L™" Source of sample Area Reference Year
Norsertraline 3.0~7.0 WWTP downstream river water USA [34] 2008
30.5 WWTP influent Norway [47] 2008
6.2 WWTP effluent
10~30 WWTP influent Canada [23] 2012
7.8~24 WWTP effluent
Citalopram 40~90 WWTP downstream river water USA [34] 2008
52.2~52.7 WWTP influent Canada [22] 2008
46.8~57.8 WWTP effluent
34~11.5 WWTP downstream river water
307+18 WWTP influent [18] 2007
207+11 WWTP effluent
136~223 WWTP influent [35] 2010
136~326 WWTP influent [44] 2012
86~223 WWTP effluent
44~322 WWTP effluent Australia [48] 2006
770000~840000 Medical waste India [23] 2007
430000 WWTP effluent [21] 2009
400 WWTP upstream
river water
76000 WWTP downstream river water
2000~8000 WWTP upstream water of the lake
13.0~612 WWTP influent Norway [19] 2006
9.2~382 WWTP effluent
62.9~303.6 WWTP influent [47] 2008
21.9~238.4 WWTP effluent
340+40 WWTP effluent Spain [49] 2004
33.3 WWTP effluent EU [30] 2013
61~72 Medical waste China [20] 2013
nd-20.4 WWTP influent 1 Portugal [40] 2016
nd-61.4 WWTP effluent 1
nd-35.7 WWTP influent 2
nd-67.4 WWTP effluent 2
Venlafaxine 600~1000 WWTP downstream river water USA [34] 2008
195.7~213.0 WWTP influent Canada [22] 2008
175.9~214.6 WWTP effluent
12.9~45.9 WWTP downstream river water
526~1115 WWTP influent [35] 2010
788~2982 WWTP effluent [23] 2012
600~2563 WWTP influent
143~206 WWTP effluent Australia [48] 2006
2010+50 WWTP effluent Spain [49] 2004
28.8~446.1 WWTP influent England [28] 2013
21.4~285.1 WWTP effluent
119 WWTP effluent EU [30] 2013
nd-39.4 WWTP influent 1 Portugal [40] 2016
63.8~327 WWTP effluent 1
nd-66.7 WWTP influent 2
86.6~374 WWTP effluent 2
Trazodone 41~45 WWTP effluent Australia [48] 2006
nd-23.6 WWTP influent 1 Portugal [40] 2016
3.63~73.5 WWTP effluent 1
nd-38.3 WWTP influent 2
8.50~100 WWTP effluent 2
Duloxetine 1.2~2.0 WWTP downstream river water USA [34] 2008
0.1 WWTP effluent EU [30] 2013
Maprotiline 0.4 WWTP effluent EU [30] 2013
Chlorimipramine 0.3 WWTP effluent EU [30] 2013
Mianserin 1.5 WWTP effluent EU [30] 2013
0.9 WWTP influent China [31] 2015
11 River water
Bupropion 50~60 WWTP downstream river water USA [34] 2008
70~191 WWTP influent Canada [35] 2010
1 WWTP effluent EU [30] 2013
Mirtazapine 29~80 WWTP effluent Canada [23] 2012
6.2~44 WWTP effluent
Desmethylmirtazepine 6.4~26 WWTP effluent Canada [23] 2012
3.6~17 WWTP effluent
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I )5 K AR T 33 HH 7K S5 D7 B A 24 288 RS U A B — 5 /KA 3 T ) L+ B Ay, BT LA i B
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W AZ 23R IR B R Sk, Horb R 2 Rk A T IHHhIX, H4x 20 Fok AT RRSEHIX, H R HLIX )
SCHREE B A A VT (PR A vk P g 3465 ng L™ 1), S b 35 1 X gt s R VR B 180 ng L™ gL
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Fig.1 Source and migration of antidepressants in environment
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TTHE LKA YER R A P B A, 2 it MK R BE B B DTRR R BAT F5 A5 Yt i — R 1B
T E NS AR AR BT AR 2, T ad i Vs K HE ORI R 7K il g N b2 KR R oK, B e NI K.
AL, U 24 A5 2 I AR A HE RO KR R A mT e N KR RS, g T iE i 2 P AR A PR B
ITIER A R, PUMERR 25 0 B4 R MR B 25 KRR 2 — .

Kinney 2552 % 5135 7K A ER 7% A= ) A 4 B A P g PG 9T (95 B B 34 100~4700 pgL'o gh4h, Mg
KR RIPUNE A AT R e v R AR, IE T N (IR S KA AE R P, il B T E 4, EMEE
H T4 G 1 o A £ R 2R T AR AR AR b, — it AR s 4R R BB AR ik A TR SR AR SRR AL S AR
YrE R ). R 3 I TRIETTEA R AEDRMA LR P ARG 7, MWEFTT LG . S50 =0 i 3%
KA E IR PETT KR, HoKiE i pH B2 A H A U #0A4 = I RR FE 11(D-52, HORIBA)WIS,
2 pH 55T 9 [l fe, SPEVTE LT AR E & R EU(BCF) AR BIFA IR FE 3100 15, R AHUHIAR
KU EAEKEEMHAL T RIRBIGE ST, TR /KEARY B GEENEESN. 5— 0, 7R
SPUYVT ) BCF 2 BB B /KR pH AR THE Mg, HERKAE T %A 7TH pKa H4 10.05, IR
pH {E R H PG pKa {83 d S FE R, BR/KMEER, BRSSP SUE % . Chu ZE5°5R A
FEBARAE I 7350 8 TR VEIT . SPETT AE HEPEVTaE AN & &, iR =FieamEmd
LA IR BE 27805 1 pgkg ().

®3 HIARATHENESE
Table 3 Bioaccumulation coefficients of the antidepressant fluoxetine

Compounds Subject biology Tissue Expose concentration / pg-L™! pH BCF References
Fluoxetine Marine mussels Digestive glands 0.3 200~800 [54]
Gonads 0.075 8.1 124 [55]
Gammarid Tissue homogenate 82.01~115.09 8.51 185-900 [56]
Oryzias latipes Liver 10 7 330 [57]
8 580
9 3100
Brain 7 8.8
8 30
9 260
Oryzias latipes ~ Whole fish tissue homogenate 0.67~0.18 7.4 74 [58]
Norfluoxetine Oryzias latipes ~ Whole fish tissue homogenate 0.67~0.18 7.4 117 [58]

AU ZG I BRALE BT (R 1), T AT Z SR 25 RO SE A o ARV TSR, 5 2 T T e e
JCEE SRR B 4, TS A [ R B ARE NOKAERS R GE. FRE- /KT R (Log Kow)Z 564 i
G PR BRI — NS H 0 T o R R R PR &9, H3AGURRY b A HLUBR 5 2 5 W B LA AR 5
Pk, i Log Kow BEMRUF BTN TR L EIA R AT . 5 AR M A A ER IR ER2RAL,  FrfT 10
SSRIs MR ER 1 WE-/K 0 BC R E(1.21~1.39) #RBUK,  HAK IS i AR H i 10 H A B TTRBK
AP GG VT VR BE 22 B A I IR R RS D/l JRIRRHAE ORI, AP — A B R A ME TR ). (B
Schultz ZP WA E 1 HUANHR LG MTE AR AR h KL, JF A0 HT 7 HAE S LS b ik v w4,
WEFERM], PUIT S EhAR. A% VYT SRR VTR T IR 3 v TR AR, HE RETT . A i ARAn &
FH i AR AE SR AL RS IR L AR M v, KA R BE I LA, ST 1 EAAAE TR AR e v
BALRE S WA DR . AR i e S AR A, Sl o AT B R TRV bk, A
fh s SCRLVEFSFPUMARZS I B I oR S, IS B e R AR B, AR oy AR, A i
Dl SO BB AT i Ko X SR 2590 B A B R B R B (Log Koc), MR 1 T A Y, XK
2P IR P 2R B P AT AE 3.82~5.63, (KL, SSRIs SRPTIAR 245 8% 4 7 £E e L ANPTARY) o ' £& « Paterson
SN E AT SR TS B0 AR 25 9 P8 VT 7E K AR AR M SRS B (¥ 45 SRR B, RS S, BEAG IN TAD
SEANFRPGTT AN HRPE T AR R L ERRAR, (HA2BEE I (B O HERS , 25 W AR Pa YT A ¥ T RV P (2
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Mg n.

3.3 IMEHRPHNERAR 2N TS A
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—RALIERE R AE AR AR . BUALFRAIAL 220 Hr . 3% 4 5125 T 2004-2016 4 A SCERIRIE FIFREERE 4T
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Table 4 Analytical methods of antidepressant pharmaceuticals in environmental samples

Compounds Pretreatment methods Method of analysis Samples LOD Reference
Fluoxetine SPE LC-MS/MS Sewage treatment plant [36]
effluent 0.19~0.45 ng-L™"
Norfluoxetine Sludge sample 0.25~2.50 ng-g™"
Sertraline Fish brain tissues 0.015 ng-g™'
Norsertraline
Paroxetine
Citalopram
Fluvoxamine
Duloxetine
Venlafaxine
Bupropion
Fluoxetine SPE LC-MS/MS River water 329 ngL” [64]
Norfluoxetine 1.84 ngL™
Sertraline 1.92 ng-L™
Fluoxetine SPE LC-MS/MS Influent and effluent of hospital 13 ng-L™ [65]
Paroxetine sewage treatment plant 11 ngL™
Fluoxetine SPE LC-(ESI)-MS/MS ~ WWPT influent and effluent 025 ng L™ [34]
Norfluoxetine 0.28 ng-L™'
Sertraline 021 ngL™"
Norsertraline 0.32 ng- L™
Paroxetine 0.32 ng.L™'
Citalopram 0.45ng L™
Fluvoxamine 0.24 ng- L™
Duloxetine 0.24 ng- L™
Venlafaxine 029 ng L™
Bupropion 033 ngL™
Fluoxetine non-SPE UPLC-MS/MS WWPT influent and effluent Influent: 0.49 ng-L™! [42]
Effluent: 0.50 ngAL’1
SPE Influent: 7.6 ng-L™'
Effluent: 0.011 ng-L™"
Anmitriptyline SPE LC-MS/MS WWPT influent and effluent 0.077 ng-L’] [22]
Nortriptyline 0.057 ng-L™'
Fluoxetine 0.050 ng-L™"
Norfluoxetine 0.087 ng-L™"
Sertraline 0.048 ng- L™
Norsertraline 0.072 ng-L™
Paroxetine 0.096 ng-L™"
Citalopram 0.077 ng-L™'
Venlafaxine 0.10 ng-L™"
Desmethylvenlafaxine 0.097 ng-L™"
Fluoxetine SPE LC-(ESI)-MS/MS ~ WWPT influent and effluent 0.12ng L™ [35]
Sertraline 029 ngL™
Paroxetine 0.12 ngL™'
Citalopram 0.16 ng L™
Fluvoxamine 0.15ngL™
Fluoxetine SPE-ASE LC-MS/MS WWPT influent and effluent 11 ng-L" [51]
Fluoxetine SPE LC-MS Underground water 18 ng-L™ [66]
Fluoxetine PLE-SPE LC-APCI-MS/MS Fish tissues 0.07 ng-L" [53]
Norfluoxetine 0.14 ng L™
Paroxetine 0.24 ng- L™
Fluoxetine SPE LC-(ESI)-MS/MS Ground water 76 ng-L" [67]
WWPT influent 70 ng-L™'
WWPT effluent 100 ng- L™
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be continued:

Compounds Pretreatment methods Method of analysis Samples LOD Reference
Paroxetine Ground water 20 ng-L™! [67]
WWPT influent 26 ngL™
WWPT effluent 22 ngL™
Anmitriptyline SPE UPLC-MS/MS WWPT influent 2ngL™! [27]
WWPT effluent 32ng L™
Amitriptyline SPE LC-MS/MS WWPT influent and effluent 0.03~0.01 ng L™ [23]
Nortriptyline 0.05~0.03 ng-L™'
Fluoxetine 0.3~0.2 ng-L™"
Norfluoxetine 0.1 ngL™"
Sertraline 0.1ngL™"
Norsertraline 0.2~0.1 ng-L™"
Paroxetine 0.1 ngL™"
Citalopram 0.1 ngL™"
Fluvoxamine 0.4~0.1 ng-L™"'
Venlafaxine 0.1~0.04 ng-L™"
Desmethylvenlafaxine 0.1 ngL™"
Mirtazapine 0.1 ng L™
Amitriptyline SPE GC-MS WWPT effluent 6.8ng L™ [29]
Doxepin 16.6 ng-L™'
Fluoxetine SPE LLE LC-MS/MS Fish tissues 042p g-uL’I [68]
Sertraline 1.30p guL™
Trazodone SPE UPLC-MS/MS Fish tissues 0.1ngL™ [69]
Citalopram 033ngL™
Fluoxetine 0.78ngL™
Paroxetine 0.6lngL™
Sertraline 1.72ngL™
Venlafaxine 0.1ngL™

FIA 25 W0 IR I 7325 AL G VURE €l - £ B B B0 (L C-MIS/MIS ) AT €8 1 3 - B 925 (G C-MIS ) A 757
15 O (T 252 S WAL 0 M 7 ARIE R, LC-MS/MS IR M T GC-MS 1M 5 3N 2 .

LC-MS/MS 73§77 ZE 8 S X 4 70 b 00 25 0 FE St b AT B8 AU AL 3, KA il 2 B 45 30 3 A A S BB 1,

MITHEAT BRI . ARIEASF S TR, A0 LC-MS/MS 2 MR RS, — A BT B IRED. 1k
S BE(CI) . PR PR EIR(FAB) FLIE 55 B B YR(EST) KSR Ak 2 HE B R (APCT) S AN [R]85 -1 IR G
ICER o BT HUIAR 2 R 2 A DU, B B8R 22 1A FE R 55 R S YRR AE €8 1 - TS 16 A LC-(ESD)-
MS/MSPH. KA A 27 B 8 YA € T - 5 S 3 A [LC-APCI-MS/MS1™1%5 il 1 42 i 24 0 R R 2
B, W E AR AT I b AR 2 0 R R AT v R R R B v AR R O s AT AR R - R I X
(HPLC-MS/MS)™ S22 1o 24Uk €00 18- 5 3 BB A (UPLC-MS/MS)2™) - 38 [ 3R B3 {477 J&5 (EPA) R AT I 7K AR
g SR VR AN A ARE v 2 RIS A ERL L (PPCPs) AIARHE 43 HT 75 72:(Method 1694)103 b 5 PR B3 B SR 45
FEAFAR T VELHRREIR . (H 2 H ATIEPR SRR S R 2P0 0 e 32 B R R A R B 2 . B &
SEARAEAE s, DR R o A A B B I AN o3 AT 7 Y R B R AN R b IR . CRIE IR B RE B R T
AR 25 R 753, [ AH 25 X (Solid phase extraction, SPE) & fi i FH IORE S i AL 3 7 vER 4891 % 4
A LA HE R — AN A I 75 72 b 45 72 AN IRIZR B SPE A, BB AU 25 BREA 58 58 4G U 0 T4«
U0 Schultz ZEPEE L T M E IAEERE S 8 FHTIIERZG AN 2 FATAEMII) LC-MS/MS 8T 5%, 3 bR
FISCRLE 70%~118%, FFASM 7 IRTTV5 KA JBEH K NIRRT ATTR LA K i 41 43 X se 259 1)
WPEKF o Lajeunesse 221 o LG4 B Fh 88 1 20 46 [E MR 25 HURE 6 326 3 T4 K0 5 B8R, (8 EST IESF
PR LC-MS/MS 23047 7 NS K SRR TiT5 /K A 3k B K 6 Fhpidmar 254 4 dAQ P M i i

4 IEPARMESEM
41 B2MEIMMN
SRS P B N PR S R AR T AE R AR AN I EE SR . B AT T RTINS 255 AR AR i E
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WA 2, DRA7K AR AR W RS AE i B B A 2 R R T ek Ak, 235 e — MR E ZL A H #5 » Brooks
2OV 5 PG VT % ¥ (P, subcapitata) W EUK % (Ceriodaphnia dubia)« K7¥&(Daphnia magna)F1 5 S 5 i
(Pimephales promelas) JLR# K LW IFG AR R B 7ESCIRZ0F R, 48T ORI KT 40 ug L™
I, A KSR B, T 5 BRI 1 2 B KRR B ECS0 4350 39 24 pg L'y MILUK
o RIUIRANE SR L 48 h 7S F I 5E 4 IR BT LCS0 43518 234, 820 Al 705 pg L.
Nakamura Z5P7 58 7 pH 698000 7T A S0k 25 1 R0 A= 9 & BV I B2 0, F 038 W ARG ¥ T 1 A= 0 A 2446 pHL,
EZIT pKa 1) pH 254F R MR S ISR, pH N 7. 8 A1 9 BF LA 96 h £71% 2 Al 5 £ 55 2 85t
WRPESFHI9: 5.5, 1.3 F10.20 mg-L™ . Minguez 257 F I i ifiL J5 A Q20 B4R 98 T Bl K i dk . SR
P F A 2 AR 22 P YT DU b DL eI 24 14 xS 2 R A i O 9% B D I RZ e (A B R D SRR SUKSE, BN
T, R LA e VR D LR ARSI B B v, BT 45 AR I 48 h P EAEIR BE LCSO(TE LU A 25 Fhis e
Vi REtE, R E RS [ R B B B S T Y B B DA B A8 DR 2t B A B i 4 T ORI e
#LL LC50 ARAE) 7 A 45.24. 4.76. 32.94 1 4.16 mg-L™', ANREMKHINEZE BA AR EEME . QIU
SEEU2VR FH 21 i e JEAR B AH AR TE T PR TR Kz bk i YT = RhT AR 2447 % 440 Hi 1) G2 25 P 1)
SR, 45 SREOR 24 h KRR SRPGTT . Kbk LCS0 40518 17.4. 6.2+ 21.7 mg-L™' . Johnson %7
Fi2&[E EPA 1] ECOSAR Tl 1 SSRIs ZEHTHIAR 25500 i HE AR B B3tk , 45 SRR B 9G¥ T 6T Pl K i) v 2
B, HUCEPEERE A, BRI S E AR PETT s 0 ARATT ) 3R S A R A ) e D) A B A R AR
EE PR R, HUCRBPGTT FARYD B . R 5 BBHRIRATH T LA H, Bl —F 25t A 1) 52 3 4
1) LC50 8% 1C50 AT —E, (HASH KRR ZESR, 1M H pH 2 B E LXK AWMERE R D N
WH MRS RKE, XBAWN LCS0 Wil 7E mg L™ 45, FIL, BREEHREE & T rHmas 24 g
(ng-L™")— AR 2% 7K A 2 3t i MEBUIE AR
F5 M HRBRLRE

Table 5 Lethal concentrations of antidepressants

Compounds Aquatic biology / cells Expose time LCs¢/ICs / pg-L™ Reference

Anmitriptyline Zebrafish 120 h LC50:1400 [8]
Abalone hemocytes MTT LC50: 45240 [71]
Clomipramine Abalone hemocytes MTT LC50: 4760 [71]
Fluvoxamine Western mosquitofish 168 h LC50: 546 [74]
Ceriodaphnia dubia 48 h LC50: 234 [70]

Daphnia magna 48 h LC50: 820

Pimephales promelas 48 h LC50: 705

Pseudokirchneriella subcapitata 120 h EC50: 39
Ceriodaphnia dubia 48 h LC50: 510 [75]
Oryzias latipes 96 h pH=7, LC50: 5500; [57]

pH=8, LC50: 1300;
pH=9, LC50: 200;

Oryzias latipes 72 h LC50:840 [76]
Xenopus laevis 96 h LC50: 7500 [77]
96 h EC50: 4900
Pseudokirchneriella subcapitata 96 h 1C50: 44.99+1.76 [73]
Chlorella vulgaris 96 h IC50: 4339.25+446.09
Scenedesmus acutus 96 h 1C50: 91.23+2.74
S. quadricauda 96 h 1C50: 212.98+16.13
Daphnia magna 48 h EC50: 6400+1300 [78]
Pseudokirchneriella subcapitata 48 h EC50: 27+5
Paroxetine Ceriodaphnia dubia 48 h LC50: 580 [75]
Xenopus laevis 96 h LC50: 5120 [77]
96 h EC50: 4100
Daphnia magna 48 h EC50: 6300 [78]
Pseudokirchneriella subcapitata 48 h EC50: 140
Abalone hemocytes MTT LC50: 4160 [71]
Daphnia magna 48 h EC50: 2500 [79]
Fluvoxamine Ceriodaphnia dubia 48 h LC50: 840 [75]
Pseudokirchneriella subcapitata 96 h IC50: 4002.88+142.52 [71]

Chlorella vulgaris 96 h 1C50: 10208.47+379.24
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be continued:

Compounds Aquatic biology / cells Expose time LCso/ICs0 / pg-L’1 Reference
Fluvoxamine Scenedesmus acutus 96 h 1C50: 3620.24+134.96 [71]
S. quadricauda 96 h 1C50: 3563.34+118.94
Daphnia magna 48 h EC50: 13000 [78]
Pseudokirchneriella subcapitata 48 h EC50: 62
Sertraline Ceriodaphnia dubia 48 h LC50: 120 [75]
Xenopus laevis 96 h LC50: 3900 [77]
96 h EC50: 3300
Pseudokirchneriella subcapitata 96 h IC50: 12.10+1.00 [73]
Chlorella vulgaris 96 h IC50: 763.66+25.42
Scenedesmus acutus 96 h 1C50: 98.92+6.74
S. quadricauda 96 h 1C50: 317.02+21.46
Oncorhynchus mykiss 96 h LC50: 380 [80]
Thamnocephalus platyurus 24h LC50: 600
Daphnia magna 21d LC50: 120
RTG-2 96 h LC50: 4.0+0.6
PLHC-1 96 h LC50: 3.7+0.7
Daphnia magna 48 h EC50: 920+170 [78]
Pseudokirchneriella subcapitata 48 h EC50: 43£19
Xenopus laevis 96 h LC50: 3900 [77]
Amphitrite 24h EC50: 196.39 [81]
48 h EC50: 113.88
Oryzias latipes 72h LC50:841
Daphnia magna LC50: 1150 [76]
Citalopram Ceriodaphnia dubia 48 h LC50: 3900 [75]
Abalone hemocytes MTT LC50: 32940 [71]
Daphnia magna 48 h EC50: 20000+4000 [78]
Pseudokirchneriella subcapitata 48 h EC50: 1600£1000
Oryzias latipes 72 h LC50:9136 [76]

*LC50: medium lethal concentration;
*IC50: half maximal inhibitory concentration.

4.2 TEHIFEHRL

VBB A A Fi FS LU 7 5 2 B 12 ) B A HE T (3 B B o DA I P A ks ™. ANkt R 7E T S8E
R 2 e R AFTE, AHHAEAPIRE S 225 Yo B i R, W kB 38 B0 AU Re 11 T B, X R
1E E AR PRI R 5 WEGEH R TG et 2 SRS, JUilar 2y g AmsE sy, HE
BAERHR IR Z RS, TIRWMENWMES, TEREBMRE R B A . BB EX TP
VI RS TEYEWT T BT IR A T RSP B, W TCR 2 IBUIIAR 2 2 ik £ 1  5-F2 €0 i P48 A 1) 771 (SSRI)
KBS e 2K AEAEY T, S-BREREA BB — P 4 R G E AT BE R T NS, RISk
R S-F2 K P 1 SO £ 5200 2 FPAH DG AR 34T . A WFFLRI, SSRIs ZRHTHMAR 24 T jd i 5
WM ZE KT, TSP EEAEYNER. RE. AU AP,

W5 75 J BB NIE IR AR . KB YRR A B0 AT SR 2 ik 4G bR 31
A RGEREI: (WERSICRE T, MR RENEIKEEMNAEKEE. W Yang %0
it CABE 1 1 A Pt 5 1 SR 25 BT oK & MO LA KR AE BRI 5200, 3R B BR BT AH JCUR FE K 1) 2 R
REfg AN ORI IR A KRS, SURAIIRNIRE DR R K, RN = A iR E, 3
e it Ak . Foran ZEVR I AT R THITT 4 FESRIHAENENRRE %, I A
PEAR IR I 174-ME ZBE(E2) /KPR R . (2)FRBEAH IR B (M DL inAR 25 B8 Xt B bs 2B 410 2
FEAETE . BUEMEYEDE S B ER PG TT 7 d 52 R ECTE R AR L ARG 2 B 3 £%, JEHOPE A E2
TE RIS BT bR, SO S R R A B R M M TR SR A B M AE, O LR
Bk I P VT 2R FR AR RS T OR SR B I S AR R, PR (K P W R A RO PR T A R e
Gt BSANHEVE A U BRI — BN M R EIER . Q)SIITER S IR FEEFU AR 2 K I B 5 T
LSBT R . Perreault 2NN F W S G VEST A 6 pg-g (R E)GIETT IS, A R M
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BRAR: /K P9 rEyT #8100 d, FHJ5 KAL RSB T A EEIR Y, (4) ik FE AP IIAR 25 B2 55 2 e K
AEYI . W0 Henry 25U NG L E M SUK R R B — CIRFEIPUNEZ T, Sdibk. 2 rEiT. &R
YOH L PR T AN PR 2 A R I SOUK SR ST BE ) I RN IR EE 7 AN 0.045. 0.44. 1,466 1.789
#18.0mgL ™",

FIT A B VR RS BRI 4 T 15 R & 5 M ¥ A BAE R, XM R AE 23 TR - A R B —
T A —H A3 E > MESFIEE S E A KRR > 5OU M E S AN EOE— TR, Bk,
] B AR AL S P 51 R 43 RS A6 S (MIE) A Bl T B A HAE AR )/ R O A /K P 45 5 15y J2 IR B 52 3
HHEERBEAOP) MR . HAl, Cf SCHRIRE TR S 250 /K A AR M ) B 1 BN HE: (1)
PR AR IR B (LA 24 5 B 2 8K A AR 72 A e S B3« I Minguez 257 W R WX K25 7E 1 pg L™
IR B IR BE T wht e R SR A B A W I R AR P S P2 AR, S SSRIs SR PE L 22 FHin 2 PR VT AR B,
TCAs ZEBTHIHR 24 B K B AR AN ECK A B B (M e 5 R . (B2, QIU Pt s iR e
WEAHBAERTOR B AR . JRPETT KR ZEMRECEAN IR A ERN SRR, KA ERESH. PiH
W ARG A DL AR R A R R 2 B B ], Mt R AR TR R X BB E R,
FEI R PR 2R 25 W0t RS R M S (AP E - RIS Z SN AR D9 5 BT AR 2454 2 B2 5 A% A -1
nuclear factor-xB & 14 11 T %5 UIAH G o (2) WAL BE I BTN 285 2> XK AR A= P A N b F U E R -
Gonzalez-Rey il i B 706 DIAEFR AR QIR FE (A PE VT 282 T, DLl . Ma sy o w1k
(ARG R, GRPG VT R B TR F X I L= A R, 1A AT A B 2 B ETY; van der
Ven 25N R 78 R IUAE K AN S8 AL S0, SR T B S tE A br B (. ORI ANIE W B 1), oK
LM EA MR SO REILELIE S BN IS B Q)P 2y &g /K A V4 R4, De Abreu
SEONVER T S PG VT S0 8 58 X B £ BSOS ARG, e RIS B i 5 e AR L, R R A1 o
WA AR, S5 R RG] SR E ST E AN S H, SRALMNEN T WIRERA. Park 207
FIH Affymetrix JEPRE IR FT 15 5 4 0 2 52 TPV T A& dibR 5, B0E 00 A A @ A M 9 A 24 2 [1]
(R ZE 5, &b SRR W NS I I Tt R T s i Vs ) Y 255 1) 52 RS2 e, 1S EE DRI AT DAy SSRIs K25 (14
MIbsEYD . 3R 6 5t T ISR SR 2GRt KA 7S R R H AR A0 10 5 11 28OS

xR 6 PR R AR S BUE

Table 6 Toxicity data of antidepressants for non-target organisms

Exposing concentration

Compounds Aquatic organisms ~ Beginning time fugL! Exposure time Toxic effect Reference
Inhibition of growth and
Amitriptyline Zebrafish 4 hpf 0.001~1000 120 h development; change ACTH (8]
concentration level; oxidation
oppression.

Western mosquito 48~72 hpf 0.05~5 91d Increased sleeping time. [74]

fish 59d 7~71 100 d Delay copulation behavior. [74]

Ceriodaphnia dubia Neonate 190~2920 7-8d Reduce spawning numbers; [75]

affect reproduction.
Mussels M . Adult 0.075 7d Damag-e gllls.; have endocrine (83]
Galloprovincialis disrupting effects.
Elevated plasma estradiol
Japanese medaka 4 month 0.1~5 28d levels; abnormal offspring [86]

development.

Fluoxetine Japanese medaka Neonate 100 1000 72 h Disturbance the behavioral [81]
and reduce the speed

Reduce spawning rate;

Zebrafish Adult 0.32~32 7d reduce E2 levels in ovary. [87]
Male goldfish Adult 0.054,54 14d Disrupt the reproductive [88]
system.
Bluchead wrasse Intraperitoneal m]e(itllon, two-weeks Serotor.lm is assopaFed with (89]
(6 mug-g~ bw) aggressive behavior in fishes.

Significant effect on the
Adult 0.0025, 0.028 21d secondary sexual [60]
characteristics of male.

Male fathead
minnows
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be continued:

Exposing concentration /

Compounds Aquatic organisms ~ Beginning time gl Exposure time Toxic effect Reference
Echinozammarus Disturbance the behavioral
4 Adult 0.001, 0.01, 0.1 1h,1d,8d and neuroendocrine of [93]
marinus
crustacean.
Echlnoggmmams Adult 0.01~10 7d.14d,21d Change 'Fhe phototaX{s and [94]
marinus geotropism of amphipod.
Induce the foot of marine
Fluoxetine Marine snails Adult 34.5, 345, 3450 4h gastropod fall from the [95]
basement
Interfere with the formation
Sepia officinalis Juvenile 0.001, 0.1 45d of the cognitive behavior of [96]
juvenile Sepia Officinalis
Reduce the amount of
Paroxetine Ceriodaphnia dubia Neonate 220~6960 7~8d spawning females, and affect [75]
reproduction
Reduce the amount of
Ceriodaphnia dubia Neonate 100~2210 7~8d spawning females, and affect [75]
. reproduction
Fluvoxamine . -
Interfere with the formation
Marine snails Adult 0.00434~4340 4h of the cognitive behavior of [95]
juvenile Sepia Officinalis
Malf: fathead Adult 0.0016, 0.0052 214 Significant effect on the [60]
minnows secondary sexual
Reduce the amount of
Ceriodaphnia dubia Neonate 40~1840 7~8d spawning females, and affect [75]
reproduction
Sertraline Echinosammarus Disturbance the behavioral
g' Adult 0.001, 0.01, 0.1 1h,1d,8d and neuroendocrine of [93]
marinus
crustacean
Disturbance the behavioral
Japanese medaka Neonate 10 72h and reduce the speed [81]
Amphitrite Neonate 0.001-1000 24h,4gp  Disturbance the behavioral
and reduce the speed
Reduce the amount of
Ceriodaphnia dubia Neonate 590~7840 7~8d spawning females, and affect [75]
reproduction
Interfere with the formation
Citalopram Freshwater snails Adult 0.00000313~313 24 h of the cognitive behavior of [97]
juvenile Sepia Officinalis
Interfere with the formation
Marine snails Adult 4.05, 40.5, 405 4h of the cognitive behavior of [95]
juvenile Sepia Officinalis
Malf: fathead Adult 0.305, 1.104 214 Significant effect on the [60]
minnows secondary sexual
Interfere with the formation
Freshwater snails Adult 0.0000313~3130 24 h of the cognitive behavior of [97]
Venlafaxine juvenile Sepia Officinalis
Interfere with the formation
Marine snails Adult 3.13,31.3,313 4h of the cognitive behavior of [95]
juvenile Sepia Officinalis
Daphnia magna Adult 0.3 30 100 Affect the quality of eggs [76]
Bupropion Mal§ fathead Adult 0.0074, 0.057 214 Significant effect on the [60]
minnows secondary sexual
)
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