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Abstract; Selective serotonin reuptake inhibitors (SSRIs) are a class of antidepressants which are used widely in
human clinical medicine. Due to high prescription rates and ubiquitous use, SSRIs are frequently detected in the a-
quatic environment, and their potential ecotoxic effects have caused widespread global concern. As vertebrates, fish
show some homology in neuroregulatory system compared to humans, and thus, can be susceptible to effects due to
psychotropic drug contaminants in the water. This review outlines the metabolism and bioaccumulation of SSRIs in
fish and introduces the influence of SSRIs on the growth and development, reproduction, and behavior of fish.
Based on published data, we point out the limitations of current toxicological research on SSRIs and propose future

studies for this important class of chemicals in aquatic toxicology.
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25975 M1k & ¥ (pharmaceutically active com-
pounds, PhACs) & —ZE 8 s B R MR B2 MY
PR %, H B AT AR B A LTS ), 4
TSI HA R R IH R BUR 2 RS iR
AR 2596 T PhACs 1) 2 AT, Hop™=
A IS 5 G ) (8 2 28 ) R 2 5T B AR B
PEOF S RS UIRE, ITAER , HERRE AE FR P
Al 7] (selective serotonin reuptake inhibitors, SS-
RIs) 2 PR F 3G Y7 AR AE | £8 JEAE F1 5 38 PR A5 25 K
PR 25 . BT E N S H Y SSRIs A
6 Tl JVETT AR PETT A Ak PR 2 SR
P 2= FNUAR VDI (B 1), TR R Y7 26 24

L AR 25 W 0 43 A UK THiE R KW
@2%), i 10% 2! AR 2% BB ml 5k 27 ¢, 17 SSRIs
(T B B 21 30% P, IRAh, KRB R
SSRIs =2 U5 T 15 K HE T, K2 8005 K Ab BT %t
SSRIs 4 22 4 A (<56 % )~ B fdi b BR 5 415 K
S SSRIs KA ™ itk ATl i Ry 45 Hi 2 K
1A, SSRIs 7ET5 /KA F K AYHE J ng-L™' ~ ug
<LKV MR K i B A ng - L' K, )
T, 5 HhAMREE V5 7K Ab B T35 7K b 2 7K Hp ) e e Y
JE BN 219 pug - LM A1 0.22 pg- L7
U, H1F SSRIs M & B K, AE /K FREE i i 24
TR A S B ERON  E T2 e,

H
3-\NH E
o "
F
E Oi) N7 F
i O F \ o
F HNa A+, O J o ~ F
HN O ) NZ HN
i e} C )
CH, CI
FPETT MY Ak Py k22 3L P 22 ARV
Fluoxetine Paroxetine Sertraline Citalopram Escitalopram Fluvoxamine
CAS No.: 54910-89-3 CAS No.: 61869-08-7 CAS No.- 79617-96-2 CAS No.: 59729-33-8 CAS No.: 128196-01-0 CAS No.: 54739-18-3
pK,: 10.05 pK,: 10.32 pK : 9.47 pK,: 9.59 pK,: 9.78 Pk, 9.39
logk  :4.05 logK :3.95 logK_:5.29 logK_:3.74 logK :3.76 logK - 4.7
1 I E R B REUN ST ( SSRIs ) B g5 Fn o IB4L 45 14
I : CAS No F/R b2 SUAE BiC 5 1 s pK, F7nfilf B #4; logK,,,, F/RIEVBE- /KM BL R KL,
Fig. 1 Structure and physicochemical characteristics of selective serotonin reuptake inhibitors (SSRIs)

Note:

CAS No. stands for Chemical Abstracts Service Registry Number; pK, stands for dissociation constant;

logK,, stands for octanol-water partition coefficient.

SSRIs J2 38 A 417 1] A4 5 fish iy A 1ML 775 28 A is Ak
X IfiL 7 2% (serotonin, 5-HT) Y -FFFE I, M 42 2 28 finh
JE RS S-HT BE 1Y #2245 T, 35 20 HTANAR 19 35028 (K]
)M SEET ISR O, MR R R 1 pg- LD
FAKRTF 1 g L' % SSRIs i, Hifit 3¢ ) SSRIs ¥
JE 2k 3 5 N 29677 ) & (peak concentration, C, )
AHEF BRI A X b 28 2 0 1 b 2208 T 2
— 5-HT fERW RN ARK KT AT 55T
I Rl AT SR Y AR SSRIs (R IE # 4
ATEG R 5-HT DhfRe S5, T4 0 28 1 & 1y
AEFRYIRE AN AR EE AT
PEAEREMERN , LA, 2R A G A G AEK T BES E
PR IR 2 22 85 T KR ¥ SSRIs, B %) 37 3| 7K

fAcrfr SSRIs Hy52MN , A SCHE K i 25 ) i 1) SSRIs AH
KHFFT R LA | LA SSRIs HTIAR Y 25 ¥ 7
BLUHIAT, 5041 SSRIs 7 oA P AR IHRRAE | IF B2
T SSRIs XA K LT A5 Mt &47 /557
AT PR BEPERLNE , I X 7 7 9 1) J8 LA K 4 I 1R 2 e 4
W Tl DR

1 SSRIs 7E £ 2K 44 7 B X 1§t R 4 #1 7R R ( Metabo-
lism and biological accumulation of SSRIs in fish)
1.1 SSRIs 7E AN IR RE

Y (7, P450 B (cytochrome P450, CYP450)/2:
W FL BN A AR N 25 A A DG Bl . L, SS-
RIs 76 A& 3%l CYP2D6 & CYP2C19 1R
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5-HT#%ia 1k

il
SSRIsff:Fi#E 45 Inhibition

Target of SSRIs

L-to 2
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Fig. 2 Schematic diagram of serotonin (5-HT) synthesis, release, uptake, storage, metabolism and
SSRIs targets (reference from literature [12])

e EL= CYP2D Hil CYP2C YRR, [ 1t
SSRIs 7£ ffi 2 4 P ] fig (oA 1) CYP450 1R,
SSRIs £ AP i 2R R N-Z2 34k, an
FPGVTAE AR N9 N-25 HE AR 77 9 o 25 Rl vt
TTUS SR, JPETT A (R oy i 2 AR W IR
ERFEIGITY FEBE D ARG, AU 2 1% 1R
PUTTHEAR A 2 H P T T, HoAR TG A 10 Al Y
TR desh, S FLE A L, 2% SS-
Rls WIS AN A I R0 o an, 3805 7T 78 A
W 1 ~4 d™) T AE 75 8 Oryzias latipes){&
W 9.4 d*, AT UL, SSRIs 7 £ 24 IR L
RN AR R AR AT REAFAE 25 5%, AR H AT OC T
SSRIs 7E A b iy 3= ZEAC U G | 32 2 AR DL &
PRI AN A — P IR E
1.2 SSRIs 7EfZEIA YA R 2R

H: W' 4 (bioconcentration ) & 4§ 7K A A= 9 3 1ok
BB MK PR A7) i, S Bk 2= 1) i fE
TRAE A WA PR AU R o K PR R Rk B R IR 42 T
A ) FH 2 (bioaccumulation ) 42 5 7K A= A= ¥ i Fr &

wiedrE AR A B 2O MoK = Y, =
A=) TTAE AR AR AR TN e o o 7K P v e
MG, AV EEREYHREN—FMEM, 1E
/7K 43 B £ %X (octanol-water partition coefficient,
K, VRS S WAk 1y B e Tk 2K 9 AH H i B 40 o
MW B logK,, >4 B, — A iz b =9
AHXF2EE . SSRIs 1) logK,, 1£ 3.74 ~5.29 Z[&], B
A—EREIRE, BRETE B RIANILER, £ EE
[AF(bioconcentration factor, BCF) 14 4 £ 2 A +
(bioaccumulation factor, BAF)BE % /2 Bt b 24 ¥y ot 7
RN R RE Ty, HAEBOR 1AL & W TE 2Rk
W RREI K, ez , FURRE T8/, BT, 2
AWFFIRIE T SSRIs BEHEFEZ R OR N B, I
i B ( Carassius auratus) F1 U 88 ( Oncorhynchus
mykiss)ZE 0270

SSRIs BESFE 0.2 A [F] ZH S (HHIE 3G ' U
WLPR BRI )RR B T 2R R A () R R vk
JEMAPVR ) R O AN ], B BE ) A 22 4
K H F 2 A A IE S IEFA AR (R 1),
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Table 1 Bioaccumulation of SSRIs in fish
et/ 2 SRR TR ] HIEAEHES BCF 5 BAF &% 3CHk
Organisms Pharmaceutical Concentration Exposure duration Tissue BCF or BAF References
SIS £ 2% Laboratory fish
e . Eouc i
" FAPG T Fluoxetine 064 pg-L™! 7d - BCF:74, 80 23]
Oryzias latipes * Whole fish homogenate
N Eiard
B ik fif JEN _ 68 h 5 BCF: 0.019 ~0.220
. . FPUIT Fluoxetine 0.1 ~1 000 pg-L™" Whole fish [29]
Danio rerio embryo 116 h BCF:1.73 ~6.88
homogenate
. Ji¥i Brain BCF: 109 ~104
B 1 il PN . , .
o FPEYT Fluoxetine 0.1 pg-L7! 3,6d PIE Viscera BCF: 562 ~184 [29]
Adult Danio rerio
WLA Muscle BCF: 337 ~112
JFFE Liver BCF:3.16 ~3.23
01 pg-L! 3,6d Ji¥i Brain BCF: 133 ~3.01
il WLA Muscle BCF: 033 ~097
) JLPUYT Fluoxetine 29]
Carassius auratus JFFHE Liver BCF: 11.1 ~137
0.1~1000 pg-L! 30d Jiti Brain BCF: 124 ~110
ALA Muscle BCF: 12.1 ~166
HFRE Liver BCF: 19.5 ~626
) Ji%§ Brain BCF: 6.94 ~285
Ak Sertraline 436 ~116 pg-L™! 4,7d 28
Carassius auratus He M Gill BCF: 401 ~146 28]
AILIA Muscle BCF: 0.625 ~43.1
N ) ] HFRE Liver BCF: 85
g M Sertraline >3 ng-L i Brain BCF: 180
13d [25]
Oncorhynchus mykiss ® JFFIIE Liver BCF: 47
PHBLE >~ Citalopram 260 ng-L™! Lo
Ji¥i Brain BCF: 9
J— ) 1 Jidi Brain BCF: 68
PATT Fluoxetine 54 ~72 ng-L L3¢ Plasma BCF: 63
e WAZ VT Paroxetine 6.6 ~9.8 ng-L™! 54 Ji%i Brain BCF: 67 p4]
Rutilus rutilus ® n A 1 Jiti Brain BCF: 361
AU Serraline 47 ~65 ng-L 3% Plasma BCF: 14
VUL >4 Citalopram 211 ~340 ng-L™! Jidi Brain BCF: 16
JFRE Liver BCF: 345
JPEIT Fluoxetine 54 ~72 ng-L™! & Brain BCF: 138
AILIA Muscle BCF: 224
HFRE Liver BCF: 365
N . - B! . )
P~ W% VEIT Paroxetine 6.6 ~9.8 ng-L it Brain BCF: 198
o 3 months ) [24]
Salvelinus fontinalis ® JHERE Liver BCF: 264
Fr Ak Sertraline 47 ~65 ng-L™! Jifi Brain BCF: 191
WILA Muscle BCF: 109
o . JFAE Liver BCF: 39
PUBKYE 2% Citalopram 211 ~340 ng-L i Brain BCF: 17
BP0 2 Wild fish
JFRE Liver BAF: 2 7273
T At Kidney BAF: 2 6976
o . 4 MiAR Sertraline 13~16ng-L™! - Jiti Brain BAF:2 6555 [27]
Cyprinus carpio Ji8 Gill BAF: 1 5152
AILIA Muscle BAF: 757.6
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EX7] k7] ARERHE 2 08 8] HLIFhE BCF = BAF 275 3CHik
Organisms Pharmaceutical Concentration Exposure duration Tissue BCF or BAF References
JFFIE Liver BAF: 2 400
& AR Sertraline 10 ng-L™! 1 month B i Kidney BAF: 4 400
fixi Brain BAF: 240, 1 500
JFIE Liver BAF: 880
39 ng-L7! 6 months B AIE Kidney BAF: 2 800
fiti Brain BAF: 680
o ged N
i 45 ng-L™! 1 month 5k Kidney BAF: 70 [11]
Salmo trutta m. fario * .
K% Citalopram . JHFIE Liver BAF: 260
= P 58 ng-L 1 month B Kidney BAF: 710
» JFIUE Liver BAF: 590
53 ng-L 3 months B F Kidney BAF: 2 100
JHFIE Liver BAF: 360
.7 !
24 ng-L 6 months B Kidney BAF: 3 100
NSRS i . ¥ Brain BAF: 24 ~27
Sertral LOD ~220 ng-L™' - .
Micropterus dolomieu HHAK Sertraline <10 0 ng AR Gonad BAF: 27
PEFK 2% Citalopram  <LOD ~ 190 ng-L™' LA Muscle BAF: 2
ST g # Ak Sertraline  <LOD ~220 ng-L™! Jiéi Brain BAF: 68
. R - JFFRIE Liver BAF: 5
Micropterus salmoides o
VUKL 2 Citalopram  <LOD ~190 ng-L™! Jié§ Brain BAF: 8
AR Gonad BAF: 4 ~5
4 libk Sertraline  <LOD ~220 ng+L"! il Brain BAF: 13
i MR fidg e JFHE Liver BAF: 20
- ’ ce - Ji¥i Brain BAF: 4
Scardinius erythrophthalmus Az > (il ~ .L!
PAMLE 2% Citalopram  <LOD ~190 ng-L FERE Gonad BAF: 2 ~4
AILIA Muscle BAF: 1
N ) B fiti Brain BAF: 29
47K Sertraline  <LOD ~220 ng-L PERR Gonad BAF: 14 ~15
oo
o il o - JFHE Liver BAF: 9
Ambloplites rupestris e o .
VUKL 2% Citalopram  <LOD ~190 ng-L~! fidi Brain BAF: 18
PR Gonad BAF:2 ~3 o]
fiti Brain BAF: 23
F AR Sertraline  <LOD ~220 ng-L™! RS Gonad BAF: 2
4 MR AR fypice B JFAE Liver BAF: 1 ~19
Morone chrysops ) JI%i Brain BAF: 6
L2 Cital ~ L™ :
PYRL >4 Citalopram  <LOD ~190 ng-L FEIE Gonad BAF: 0
WL Muscle BAF: 2
FEMAR fyice ik Sertraline ~ <LOD ~220 ng-L™! B P Gonad BAF: 0.5
Morone americana * PGPk >4 Citalopram  <LOD ~ 190 ng-L™' PR Gonad BAF: 8
) B fiti Brain BAF: 15 ~20
S p Ak Sertraline  <LOD ~220 ng-L FEJE Gonad BAF: 2
Sander vitreus JFFIE Liver BAF: 3
PEMkE % Cital LOD ~190 ng-L~'
R O < ne PR Gonad BAF: 5
SN Amia calva®  TOEKY % Citalopram  <LOD ~190 ng-L™' HFHE Liver BAF: 1
i filg e v T
T fol ‘ PEEL 2% Citalopram  <LOD ~190 ng-L™' - JHFRE Liver BAF: 17
Oncorhynchus mykiss ©
2 E H 4 fyice s . fiti Brain BAF: 4
Perca flavescens PAFLY 2% Citalopram  <LOD ~190 ng-L LI Gonad BAF: 1 ~4

1 :BCF Rm AW & G K+ ; BAF R AR H F;LOD Rl R, <LOD FRR ARAih s« -" Fom R4 Hh* AL SRR 0.64 pg L7
BOSRPYTT R 7 d, WIS TER K ek 21 d; PR VA TN TS K AL BT V5 K 5 © B R W Ry K MR 5 ITE R — AT R RS YL T O
ST B9 E AR T I TR B TS G Y RO HEAT B © R R R TEE VL L IS Hh 4 S A 5 P A DM B )£ 5 R 2 Y L

Note: BCF stands for bioconcentration factor; BAF stands for bioaccumulation factor; LOD stands for limits of detection, and <LOD stands for not detec-
ted; “~" indicates not given; * fish were exposed to fluoxetine at a nominal concentration of 0.64 wg-L™' for 7 d and then purified in clear water for 21
d; ° the exposed solution is the sewage treatment plant effluent; ¢ the exposure concentration is the surface water concentration; ¢ in the same river, fish
caught in uncontaminated river points are tagged and released to the contaminated points for exposure; © the exposure concentration range is taken from
the range of compounds detected at the river point.
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AIDVE BRI AT IS, kAR AT BEJ& SSRIs X £
FRAEMM EEARH L, a2 T i P 2 R S5
B L [ 4 ) PO iy A ot 22388 T 2R 4 1) el AR
RERZRZ M 0 25 10 & & AAT U270 S8, wli g iy
ST IR GEE LT Fr 1 - R -V ARl 0 5 HE S Y
AEFE . N R HES Y P A IR AR R R
T4 3 (gonadotropin-releasing hormone, GnRH)#
TR, A F A B0 W 0 A B T R A
YER", B, SSRIs 78 fa S i Py v il B2 1] BE X
AR ER AT At 24T b 5k
B

2 SSRIs xf & K ) & 14 1E A ( Toxic effects of SS-
RlIs on fish)
2.1 SSRIs X a2y atEm it

SSRIs R 10288 ) i 1 5 PR AH X B, -~ B st
)& (median lethal concentration, LC,, )il % 7£ pg -
L™ ~mg-L™" /K (5% 2), B4k i 57 & 19 SSRIs 75
Pe(ng L) — A 205 0 238 i M B R0y . H
HIOCT SSRIs X a2y At B AN F X 24 D
TEFRVETT A I ARFIPE IR > . AR 4 AN [F] SSRIs X
TP 72 h-LCy, {EL, BUPE T FI 45 AR B 22 VAR

*(LCy, =0.84 mg-L™"), & T VI BRI = (LC,, =9.14
mg-L™)F 2), HAN, A IS T 1 B (hydro-
gen ion concentration, pH)4% 4 T, SSRIs X a2 (%) &
PR IR KRR ML 25 W) 255 %X (dissociation
constant, pK, )Y pH Z&f4 T 259 () B ks
2.2 SSRIs XA K & B0

1e4 A1k, B 25 SCHkHRIE T SSRIs Xt 2
AR LT RIS, BN, SSRIs 7] L5 2 1 2 i Wy
TR OB STH FILR e 45, Hob JETT
1) 2% 58 AN BENS 5 RS BE D 1 R IR ) BB T 2R 348 T
(0.52 ~276.63 pg-L ™)™ 38 & 5 8BE D MR G /AT
RS A AT B TR CR e 2 TN 2 AL Z N
10.009 ~99 pg- L™ RALAnL, FPGTT K 5 R
(003 ~0.50 pg-L™",35 d)ik <G 31l 4 i (Poecilia
reticulata) 3 0 [ AL B BB 58 BE A4 T 5
ZW 0 B TEITA0 we- LAY R EEAENS N
BRBEE 0 A IEAL T bR R B N (H RE S I 2 il
BES R IE L (10 pg- LY iR e T S
o YRG0 W TR 2% 5 35 1 (100 g - L™, BbAh,
SSRIs I AEfE TP i 45 0 25 Kk B M DG SE R I R 3k
Sehonova 260 BE o 4 iR IR & #5 7E 0.1 pg- L7 Al
10 pg L& AR T 29 144 h J5 , B SEm 28 %

R2 SSRIs x&EXKRMEHE
Table 2 Acute toxity of SSRIs on fish

25 ZIRAEY R ARH ] /h o 27 3k
LCsy/(mg-L™")
Pharmaceutical Organisms Expose time/h References
Bt fa iy Danio rerio embryo 168 1.18 [36]
BED #4144 Danio rerio larva 96 025 37]
B Af {4t Gambusia affinis larva 168 055 [38]
ST FHdifagfifa Juvenile Pseudorasbora parva 96 2.89 39]
AR
BSR4 f Juvenile Pimephales promelas 48 0.71 [40]
Fluoxetine
B {70 Oryzias latipes larva 72 0.84 [41]
55 (pH=7)
HF
96 13 (pH=8) 34]
Oryzias latipes larva
02 (pH=9)
B0 Oryzias latipes larva 72 0.84 [41]
W 8416 Juvenile Oncorhynchus mykiss 96 038 [42]
& Ak
. 0.65 (pH=6.5)
Sertraline
BB kS fl Pimephales promelas larva 48 021 (pH=7.5) 35]
007 (pH=8.5)
L H £
. o 72 9.14 1]
Citalopram Oryzias latipes larva

T LCyy FRn P REILHRE ; pH R S B TR BETE 4L,

Note: LCs, stands for median lethal concentration; pH represents hydrogen ion concentration.
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i 2 AT TR 4% 3X 1 (real-time quantitative poly-
merase chain reaction, qPCR)H: A XS HuO & B HH ¢
FE (nkx2.5) MR B F0 il & & AH OG5 B (otx2 N
pax6) 1 K& B MK (bmp4) ) mRNA 7K F-EA7 0
ELEREIR, o2 £ 0.1 wg- L' &M REE %
98, pax6 F1 bmp4 7€ 0.1 png- L™ & IARREE )5 W
= RE, MRTA FERAE 10 pg- L7 4 iR 2 52 J5 15 ik
FHTH, Wu SR £0 R B EE 7E 0.1 ~ 10 pg
L7 PG 120 h J5 R qPCR BARG0T T 5 H
R A EE R RIE K, & B DU 7T 7% 55 B % b 3
T R A A A A ) R A A SR R R
(egrl Fl egrd), Horft egrl £ 0.1 pg-L7' 110 pg-L™
MR PG T 72 2l b W2 N8, T egrd 1E TG 82 41
H g 2N R, Park SFLIEBE 0 A1 05y ] R EE T
25 wg L7 F1250 we- L™ AP 7T Fi ph Ak 96 h
Jo , RS SR 2H 27 B AR AT B £ (%) 42 68 PR 3k
B, 25 3 7 8 42 240 A= KA OG5 T (insulin-like
growth factor binding protein 1b)FILA A& & A AH &
JE[H (myogenin)7E 25 pg- L™ 1250 wg- L™ A4
VTR Jo o 3 L, R A0 ) R & B 1) R DG 2k [
(MCM2 minichromosome maintenance deficient 2, mi-
totin (. cerevisiae))F1HR i BOL AN M & 7 1A G
(ornithine decarboxylase 1)7E 25 pg-L™" 1 250 pg-
L7 AP R fE W35 T, [FIE, 76 25 g L7 AN
250 pg-L7' & MiMREEE S , myogenin FE[A i 2 194,
ATLUE B T 19 SSRIs B AT 5] i fa 2 1 A=
KEE S ., —Jri,5-HT B RS/ HHES Y iR
MGERE T REEBEER, S —Jm, 2%
FIHFL S S-HT G R G HA R K FRIE",
2590 40 S REPERON 7T g 5 AR AR 2591
VERIBE AT 56, R, SSRIs W] R i &/ F T 2%
M 5-HT RERFE MK AERK LT, Ik, B 5-
HT RER S 4h, SSRIs L fig 38 5o e HoAth i 0 42 &
G I TR BE RS NI RE R G, R fh
KR RE , HI, T SSRIs #Mifa2 k& A AL
il 2L IR
2.3 SSRIs ¥ Sy LE AT REME

PRZE N 53 W R GEaE L T Fr -0 -4 iR il (hy-
pothalamic-pituitary-gonadal axis, HPG %ll) ¥ 15 & HE
YA G, [ HPG sz Z2 00 2 0, and:
JRSS I P i B 2 R 43 9 GnRH 7E
2 T HE B 1 1) 2B B A T RE O T A 4R A T AR
FHEST . 2R fa /0 A 2 ~3 PRl GnRH

(GnRH1 ,GnRH2 £1 GnRH3)®* | GnRH 51\ T3
IR SZ IR 45 4 V87 42 38 4R A2 i 2 (luteinizing hor-
mone, LH) Al fi¢ U ¥4 #{ % (follicle-stimulating hor-
mone, FSH)2 i 14 i 3 Z (gonadotropin, GTH) )&
BB . GTH RS 4 il 4 IR 1) & & Rk,
P I P S AL P 2 [T R RO 7 2 8, DA RO 1
Y510 5P 3 A BN B - A ST — T T, 5-HT
RENS I AL 52 HPG il 7 - ) 2 P A S D B
PR AR A BE AT R (B 3)! Y ) — T i,
11 5-HT 8 28 58 32 14 i 215 11 st 7 ) 5 159
I BB 07 S-HT BB R 485 A2 58 N 40 WA 9 15 5 3
B UIROC

SSRIs T8k & PR BE % X #6028 11 A= 58 7 A= 5
WS PERRIEAS T H0 E 333 1 P 43 8 R AE B AH G
SER IR Horp RS TR B I VG VT R R R
T PRSI B R O Y AL [ o 24 B 58 2 (28 ng
-L7',21 d), 15 A RS A T 5 Y28 ng-L 7,21 d)
FfE: 45 6 Carassius auratus) (0.54 pg-L™',14 d)
I35 BB 2 1 D ) A R, 38 o 0.1 pg -
L7, 4 J) % At 4 057054 wg L', 14 d)ILiE
HR R e A i, R AR PR FL A 09350 ng- L7,
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