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\/*/)—-?: 1,2,3,4 ,

HE: ARABERTBEATEESEOHNELER. REFME. REFALEZRESMN
FUEFRAHYm, LREET 3AHERIKE (0. 100, 1000 pg/L) Fr 2 A~ A F (0
S0pg/ll), £32AEFEH, #ATSHANFALL. HRET: QY EREMERZMN
BRmEYm, BEF2BREHE, E-FAFEBE AT XL ZH: 50ug/L F T 100
ng/L BB K AT R e 8, 100 ng/L BB TETREGFEESR. QyaZaRSEM
FREFEME I, MEHFRA WAL HRERMERE R H: Opg/l FTHEH
WhmaREMENEE, E2BEREALEMEE; 1000 ng/L # 2R T 34 o2 K
M &E, E4RFRANENEE. O HBSCHMBENE T EK, "NZ =
HERERW, ELRAGHTLAEZZR. ORERLEWHECEHE, FNEMNE
B, MPEELZ-HREYH, Opg/L T 100pg/L HARERP 48, T S50ug/L T 1000
ng/L B MEMP S E; 100 ugL AR TERM2EEPEE, 1000 png/L f 2K
THEEMBERPLE; YECNIBEHTEL-FERH, MNPRCPLZ-F#
REYM. FREN, MERMELZ MU MW ESEERKTEERERLZF R
W, BB A RERALARERH, THAREAACEZMESMFITEFHMER
EZ A

REIF: bR E; BB, F; REFAMLE; EAMFITEF

hESFES: X 171;S917

R (MPs) 48 242 /NTF 5 mm S8R RE
SCURL o WS REAE YV TP R A AR, 7EIR K
YRR T E, W E I EY . TE M)
Yy RV HE S 0 A R U BB L 3R T AR
Ko BRAKPESR, AT JE K ER 5 g 4
A UL Yy L HJE Z 355 18 (PAHs), £ SR
(PCBs) & 35 A VA LIS Y By (POPs)™*, 1 98 K}

i BHEA: 2019-10-19 &R BHI: 2020-02-04

X HAFRERS: A

5 H R M T e R ST g, SR
X 7K AR A ) 1 TP B0 A R S %

HET, SC TRl LW MA LS e 2
AR C A B . Oliveira 47 & 8
WOk S Z 38 05 B A F 2 8UNMR KB IR
J& 0 (Pomatoschistus microps) £ Bk IR 53 5 i A1 55
Py 18 o S i 0% 1 B 35 B IR . Rochman 461 B 5%
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2 WY (Rl SR RH 5 15 IR R ) A~ 75 e mT % H AR 7 Bl
(Oryzias latipes) )N 53 W F GE 3 T HRR0N . FE
(Phe) j& — Fl L7 Z IR 7 IR RAL S, BEELEE .
Bum, SRR, JE I E W EEL s, X
KA AR ) e R M, Karami 55U & K BR
5 v G s e A AE S A W38 X 9 A 8 i (Clarias
gariepinus) I A5 16 2 5500 A 58 b AH DG JE TR ) 2%
KPR AL H R

£ Wl f (Symphysodon haraldiy, i 7=+
WL, A E A AR,
“PUFMLT I Z ERERR. LRI AR T
AT Ny, WAE IS YRR 1 Y SR s
Wen S5 R FE T (0L FTR 0 L R I £ 4 £
AITEPERLN, A SEE B 7R R OB R AR &
30065 R R R A AT | PR 2 ZURE A
UK C. NEGERAMRHEMRM C. N, PAESML
ST SRR AR, 48 s T B TS Y W O R
5 2230 57 ke AE Z 180 AH B AR X #0288 19 A 25 7 B
SR, SR VA T K b G R Y A 2 XU
PR EAK A

R U E S RS RES

1.1 SLWHREFREESE

SEEYE 3 AR BE (0. 100, 1000 pg/L)
H2AFEWE (0. 50 pg/L), 32 NRFEA .
B TP RPRLAR 30~40 pum(TR HEAY AR (5,31
BRI & rboty), FELEE =97.0%( i T.A49).,
UL 270 J& [ — AE 7= R i LR L £ A7 FE £
Bl HL 5> 2 18 AN JKHEHT (35 emx45 cmx35 cm),
HINEL, BRBEBAHEN 152, REIRE
H, GLNPREE 24 WIS, WA KT 6.5 mg/L,
KU 4E+E (29.0+41) °C, pH 5.6~6.8, 4 K% M2 1
BT 4K 43k (8:00, 12:00, 14:00 Fil 20:00),
5 W o i 0 U B A NG B AT R R,
1 h 5 AR ZEAE B3 2 Kok 172, FFfb e
FRO RN AE R EE W BE . SEUR SR I8 8 JA
1.2 #mXRE&E

FRAH 4 A S A SR B, TR
K (survival rate, SR), 2 24 h YLk AL B, I %
KKK (final body length, FBL) FUR AT (final
body weight, FBW), 1% L & (condition factor,
CF). #lf2: MS-222(100 mg/L) FR ¥ J5 7E vk & F
PEAT AR, R AR I, TR A 2

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

(hepatosomatic index, HSI), K ff 1A 21 41 F—80 °C
WURIRAE, T RERAFAE oK ALG W . HAR I
MEAT). RERME G°C. §°N). A&
P27 (C. N. P& LA C/NL N/P I C/P BEJR
Ft) F1 RNA/DNA lj &

1.3 #®MsxE

fe K A G 100 SR 2R B -k 2 k1, KL B
B 000 1) SR - B R BT, 8P C L 8PN CL
N &R A€ AL 2R i {2 (ISOPRIME 100, Iso-
prime Corporation, Cheadle, UK) Jll2€ . P &&= F|HH
TR S TR F A (iCAP RQ ICP-MS, Thermo
Fisher Scientific, Bremen, Germany) | 5 . RNA
DNA % 2 B Jones %51 (1 7k o
14 HEBUWERSH

FEIG 3 (SR, %)= A B /) 4 K it <100

NEWEEE (CF, g/om’)y=(CAR A 0T /K 1424 %) = 100

JHA TS 5L (HST, %)=(HF 5 /AR /45 )% 100

HHT (%)=N & 1t (%)x6.25

B . ARG RE R 3R 8X(%0)=[(Reg it/ Rz ) —
111000
Kb, XAPCEEN, Ry p FonFE i SEBR IS 1Y
] 7 2 HAH °C/°C B PNAN, Ry g, 76 78 [ B il
PR EY R R FAL R FEZ .

K JH SPSS statistics 20.0 X 46 I 15 b5 1 17 3
SRS HEUAN R 7 22781 (Two-way ANOVA), #
A7 AE 38 B R F Tukey #6536 #2647 2 5 o3,
W E KR P<0.05, B L AIEARIEZE LR

2 4R

21 WEMMIENEtEARLENEEENE
KHIFZ MR

TR AR LR AETE F 2 100%, 4]
AR MAALZ IERZ W (R 1), Bl TE 5 i 5
(P<0.05) (&l 1-a), s 34HFIERT 4 A 1R 57 5 K
T B (P>0.05) (1 FE 1-b). %y fa IR % 52
TR R IE B — FR EE S (R 1), FE SO R fin
FEAGAS .35 (P>0.05), {E Bl SEBE I i B A% (P<0.05)
(# 1-c)o %o AR 48 8032 T B Je — % A2 55
M (2 1) JEMREE R 0 pg/L B, SESRE T F RS
BOC B3 0 (P>0.05), 1H3E A 50 pg/L B}, 100
ng/L TR 5 AR 48 % (P<0.05); TR 0
H1 1000 pg/L B, FE X 7R 8 5000 8 3 5% (P>
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1744 KorE ¥R

44 %

#1 WERMFENEtERUESEEK, EEFME,. RERMR, £ESUETEEN

RNA/DNA #£ AN EZEFE D

Tab.1 Two-way ANOVA results on effects of MPs and Phe on the growth, energy storage,

stable isotope, ecological stoichiometry and RNA/DNA of juvenile discus fish

LS paits T 2 FELAR Y == A f= I=
W KK ;g ez ﬂg gy ML %ﬁf s gy BAEBGAE B L L KB RNAD
LER H . =
group FBL FBW CF HSI protein fat carbohydrate C N P C/N N/P C/P NA
MPs df 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
F 2129 0524 3761 4751 0.694 591.615  7.251 38767 0522 4990  0.694 107.785 16.683 135.09 167.65 0.067
P 0.137 0597 0035 0016 0518 <0.001  0.009 <0.001  0.606  0.026 0518 <0.001 <0.001 <0.001 <0.001 0.935
Phe df 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
F 9.698 0445 26.127 1254 13321 501.225  0.020 15014 0271 0013 13321 6.264 99.733 7593 26739  0.739
P 0.004 0510 <0.001 0272  0.003 <0.001  0.890 0.002 0612 0911  0.003 0.028 <0.001 0.017 <0.001 0407
MPsxPhe df 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
F 0272 0864 1130  6.027 3765 156.729  92.035 0.625 5579 2474 3765 33193 1.033 30852 35326 0.251
P 0.764 0432 0336  0.006 0.054 <0.001 <0.001 0552 0019 0.126  0.054 <0.001 0385 <0.001 <0.001 0.782
s R TR R 25 R (P<0.05)
Notes: the bold data in the table mean significant impact (P<0.05)
40 == MPs-0 1.4 == MPs-0
== MPs-100 mmm MPs-100
m\Ps-1 000 T L2 - g MPs 1000
30 t n 1o L T
g 20 .
g i = 0.8
Mm@ 20 B A
& 10 L *® 04
0.2 r
0 0
0 50 0 50
FEIRE /(ng/L) FEMRFE/(ug/L)
Phe level Phe level
(a) (b)
5 4
== MPS-0 == MPs-0 Bb
= MPs-100 == MPs-100 Aab
4 t mmm MPs-1 000 3 mmm MPs-1 000
o r Aa
g o\\o AaAa
@ . 3 B 'fPK( — Aa
N wmw )L
o O e T 2
g 2 =
=3 &
=S4 1+
1+
0 0
0 50 0 50
FEIREE/(ug/L) FEIRFE/(ug/L)
Phe level Phe level
(c) (d)

Bl WENSIEMEEMUENEREK @) KERE (b)), BHE () MATEES @ HOFME
AN B R [ S TS OB R K A B35 2 5, R KS F REOR ) — BB R R B R R 7 36 8 8 v I B B3

# 5 (P<0.05), FH

Fig. 1 Effects of MPs and Phe on the FBL (a), FBW (b), CF (c¢) and HSI (d) of juvenile discus fish

Different lowercase letters mean significant differences between MPs concentrations within each phenanthrene level, the different uppercase letters mean

significant differences between phenanthrene levels within each MPs concentration (P>0.05), the same below
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0.05), it ¥ER N 100ug/L Bt JE ] $2 5 iR 48
¥ (P<0.05) (& 1-d).

22 WMEBRFMIENEEHLWEYSEEEFL
apA)

LR w4 £ 8 A A2 R e (R 1),
I S 16 I w3 hin (P<0.05) (8] 2-a). Zh e HLIE I %
Wk . JE N T E R H A (P<0.05) (£ 1), FF
05K 50 ug/L B, fHE kL 2 3 o A 7 % it
(P<0.05); THIBKFHy opg/L i, JE X HLAE 5 JC
EHA (P>0.05), {HHIEEL R 100 5% 1000 pg/L B,
FE L RRAKLIE W7 7K F- (P<0.05) (8] 2-b)., %K
G2 kL K K 5 JEAE B IR (P<0.05) (3R 1).
64 0 ng/L B, Bk Ak A9 5 i Bl i SR ARk 1 o v
B A (P<0.05), {H %9 50 pg/L i, 1000 pg/L f# ¥4
BEAT 42 = e K A B P K (P<0.05); ¥R R 0
ng/L BF, B K A6 A B f BE HE 3 i R G (<
0.05), {H7 1000 pg/L B, 0] fifi 45 = 1 385 i (P<
0.05) (K 2-¢).

23 WEMMIENERHLEYNBRERM
REMBIF M

£ Al A1 4 f1 81C 2 R HE B —
8 5 (P<0.05) (3% 1), FEIENE NI W 14 hn (P>
0.05), {1 Fifi e 28 6} 384 hin 1 B IS (P<0.05) (1] 3-a),
41 8N AN Z IR RISESE B2 R (P<0.05) (R 1),
{EOR TR 2 88 25 F T 22 528 W3 (P>0.05) (1] 3-b).
24 WMERMIENtEtERLEaNEESLE
THEFHEM

£ pi Al £ 4l C B i A 32 T Y R R
(F 1), Bl FSCERL AT 38 i 58 0 (P<0.05) (& 4-a),
gt N IKPAUAZ B M (2 1), B AERS Jn 34 hn
(P<0.05) (Bl 4-b)., #hfa P ZiyERt . FER_H
M (P<0.05) (K 1)o FEN O pug/LAT, 100 pg/L %
SRR P 3 (P<0.05), {H4 50 ug/L i}, 1000
ng/L B ¥R AR P /KT (P<0.05); %8 KLk 100
ng/L BF, JEHSINSSHEN P &4k, {H24 1000 pug/L B,
FEHE N 2 BEAE P /K (P<0.05) (& 4-c). 41 C/N
2 SRR RN HE B — B B Y M (P<0.05) (R 1), B
THCERRL AT 18 hn G & 351G (P>0.05), {H BEEYS fin
M P A (P<0.05) (& 4-d)., %l ffi N/P il C/P 32 i #8
B FE N A H M (P<0.05) (R 1. FEHRO
pg/L B, 100 pg/L 13 %8 kL BT 34 in N/P Fi C/P(P<

o B 7K 77 % 22 F 4 sponsored by China Society of Fisheries

70 = MPs-0 == MPs-100 mmm MPs-1000
60 | = =
50
S o
i 5 40 +
]
E 230 |
20
10 +
0
0 50
FEMREE /(ng/L)
Phe level
(@)
>3 == MPs-0
30 L AbAb = MPs-100
' mmm MPs-1 000
25+
S8
= c; 20 F Bc
Nl
= 215+
= o Bb
1.0 + N .
05+ |-'-| ﬂ
0
0 50
FEIRIE /(ng/L)
Phe level
(b)
0.30 —= MPs-0
mmm MPs-100
0.25 {=mm MPs-1000
o Aa
%g 0.20 t i Bb
C%o1s | ab
E ,8 . Ba Aa
= S 0.10 | Ac
0.05 +
0
0 50
JEMREE/(ng/L)
Phe level
(©

2 WEHSFENERMUEHEEZEAR ().
AR A (b) FERIKAL &4 (o) BIFIT
Fig.2 Effects of MPs and Phe on protein (a), crude fat
(b) and carbohydrate (c) contents of

juvenile discus fish

0.05), fH4 50 pug/L B, 1000 pg/L % ¥ R 4% =
N/P F1 C/P(P<0.05); f{¥HKL A 100 pg/L i, FEH4
T2 BEAK N/P ORI C/P, {H R 1000 pg/L B, JF 42
2B N/P AT C/P (P<0.05) (K] 4-¢,0)
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1746 KopE o R 44 3%

C [FE /%o
S1C
|
=

715 L
=IMPs-0
EMPs-100 | L]
_p0 mMPs-1000" 7 )
0 50
FEWRE /(ug/L)
Phe level
(a)

10 =3 MPs-0
== MPs-100
g ™= MPS-1 000
Aa Ap Aa Aa Aa Aa
$
o O
& z
i 4 r
Z
2L
0
0 50
FEWRE /(ng/L)
Phe level
(b)

3 WERSIEMNERMUELE °C (A) F16°N (B) IS0
Fig.3 Effects of MPs and Phe on $"°C (A) and 3"°N (B) values of juvenile discus fish

2.5 WEBNMIEXEFEILELE RNA/DNA
AL

b %Al 11 4 1 RNA/DNA 32 skl . JE
K ZH AR H W (P>0.05) (% 1), A[ER&E &M
T ERALE (P>0.05) (K 5),

3 Wi

Tl B8 Rl 2 % T LA 3 2 A 28 T A T8 (R A
TR, SEEEEEAARNL, dEmsmEgd K",
1117 7K A S B 8 ] fil 4 X £ 2 i BE A LA A 3 )
REF= A= SR, TR i HL AR U, E e AT
FP, BT AR IAREK LA, OB R MEER
A 30 X6 B R A A7 4t R MR R R RS R
R B E R . Wen &0 56 T o B 15 40 %)
LR R BB, R B A T 4 £
14 A K RN A 1 Bt 35 T RS R, AR B R
P 240 f2 % K AR 1000 pg/L 3988 R AT 50 pg/L
A5 — R B IE Pk o IR RE AT R o fa R A
FWARRE . E TR TR BT A, s—dE
TR EEREAR T S R, 8 O RE X I W
Wi AR G 3, WA HE NI 2 52 i - R Al £ A Y
X5 Jee U K BUAE R #E (0.5~2.0 pmol/L) X 5f i
JIEL 36 A 3 A R R — B, AT RE R 2k
XoF G R 2 8 W RO [ s I 0 o PR O R £ 2 T
WA T, A R R R BT = T Dk
TEJFIEAC 8 fE S 4R w , %A 2R W) R I A 7 g
R, AT RE S L R B R T RO R AR AR
LR M & e RS BT R Lu SR
K B R 2 A BE I A R LR, O S EUF
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HIE e A= R A5493 5 Horng 252 BIF 58 3 W] 35 i 22 9
BRI THFEBE SIS, X5RTR
SERE R

BmEBT. IR AR OK LS P R =R
BRUT, S5KNY SR8, oKt
YR — T s HE M R T, TR
SN S S 38 B 23 R Y, X AT R AR
W ik K A 1 7 o BE LR S TR R — R R
T g B A R IR . Wen 85 & BHL Gk 0 R} 2R BE
J& LRI A BE QA OC Y e S M R
W T REMREE Y BIHFE . Oliveira 5529 & HE
2 5 FEEE W38 T I IR A0 R A R N S O
STt . TR A W R W R AR BRI (Spini-
barbus sinensis) & W& & 3F 09 1 RE S HBE I A1 AL BE
A RS, SHRE, PR B E IS
5 0 FH oF Sz 5 0 W R BT AH LR PV, B 4 Yin
PR B Gl (Sebastods schlegelii) 28T X8 Kk
5% 21 d 5 HAKRA ZURIT & it 0 BEAR . A BT
FEH 100 3 1000 pg/L i #kE T 3F 5% 57 L B AR 1
Wyt RLIE D5 K7, HE DU - R Bl A1 £ %)y £ T 6T Ak
SRS HE S G W0 B B I FE AL S R B oK Ak
G, HWEED . K, mEEEE R
PUR 38 T S R #F (Acipenser schrenckii) 411 4.5
FHAE A0 J5 18 L A48 02 W D R 7 o A 2 )
XA LTS Y 0 0 W B 2 A8 B e AE A Y R R X
B R AE R BERY S TR BN, 0 51 50 pg/L
FE N RS I T L sl fa &) fOREL R 7 A i
PL Kz 50 pg/L 3EF 1000 pg/Lig ¥8KF (5% 1000 pg/L
OBRLT 3E) #e /T iAKA G K. R,
Karami 55" & I 5 # i (Clarias gariepinus) %
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10 1 W, % OBRS 2355 R AR A W0 XL R il AR R 2 A AR S A ST A R AE Y 5 1747
" S N=]Er
- S-
40 = MPs-1 000 10 |mmm MPs-1000 -
i 1
41 © 20 | 41 z 6
® By
10 + 5
0 0
0 50 0 50
R /(ug/L) IR EE /(ug/L)
Phe level Phe level
(a) (b)
8 —= MPs-0 6 — MPs-0
== MPs-100 == MPs-100
mmm MPs-1 000 5 MPs-1 000
6 L
§ Aa  Aq AaBa s 4 + ]
L Bb K< 3
<Tﬂ Ab ﬂdé (@]
%g 2 L
2
1+
0 0
0 50 0 50
FEHR L/ (ng/L) JEWRE /(ug/L)
Phe level Phe level
() (d)
8 35
— MPs-0 == MPs-0
Ab MPs-100 100 A
Eb MPs-1 000 30 (e PSR
6 25 Bb
= A Aalll Aa £ N 20 L Aall| Aa AaBa
>4 £3
& S 15
) 10
5
0 0
0 50 0 50
FEIRL/(ug/L) FEWTE /(ug/L)
Phe level Phe level
©) (H

& 4

WEBRSIEMNERRILELE C (). N@B). P 2K C/N (). N/P (e) 1 C/P (f) HIZ M

Fig. 4 Effects of MPs and Phe on C (a), N (b) and P (c) contents and C/N (d), N/P (e) and C/P (f) ratios of juvenile discus fish

#& T 10 3 100 pg/L FE T 500 pg/L 844 54 fin 1T
JHF FEE AR SR ) A7 o B T K Ak A 9 AR I A
Gh, BB AT 7 B S Re AR P R AR
Yin G5 & BV [COF- il 28 o 0 L 2 87 S L AR 1
i AR, WA S O R R e &) £
BT, (HEEWR B R 4 = T & BUKOF,
AT RE R4 #0327 e Fﬁﬁﬁ%‘*kﬂmﬂﬁﬁﬁﬁfﬂ“

[ K P2 % 2 32 /) sponsored by China Society of Fisheries

B R E [F)E 2R AT LS I B o B

R EWER, RO i R
SEIRTA.ph TR R A A e B IR DR [ E Y
Jit LA % £ 5 E 18] 52 2% 20 B 742 3l n] S kK A e

TSR R B SR B0 o IB R R B AR T A
PR 87C, A AR AN % 30 R 0 3R R e A1
HEGTERT, I -E R Al A fa R 2 21 81C AR
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1748 KopE o R 44 45

1.2

== MPs-0
mmm MPs-100
1.0 | MPs-1 000

0.8 it .

0.6

RNA/DNA

04 r
02 r

0 50

R E/(ug/L)
Phe level

5 WERNSFENLRHLELSE
RNA/DNA #9211
Fig. 5 Effects of MPs and Phe on RNA/DNA value of

juvenile discus fish

b FT BB 2 S 9 R 2 R T AR K ORI A R
RN AN K| N2 Ao N g v § 2R
EEZ G WML ERm, HAFRZET2ZRA
8% Zhu 55 & LI A R B8R T L R
3UC M N B E T, X HAMIEL KA,
PRI RL SR B A 2 AR L T RE LA W
FiRe S

C. N. PEAVKEEWMMITE, HES
KA HLR B A AL AR A A e, Bilan N
TCEREAN . B . W) EEH 5y,
1M P IGE EEAAE TR AR, LSkt
8 IR NPTV AR e EROR =B | P
TP, MIREE | TRAER R KA MUERE, 4R
TLE S RA AU R R RS . i,
SHT C. N. P ICE P 1Y 728 46 7] T 4 b T i A
S5 W 38 T A 28 AR K R AT A A B R 0 e
ARG, OB R RN T LR s
e C i, XrRERF A E AT IHYS
P BT BRACE, K VR 43 TE 2 B AR B RN A
FERINA =8 & C AW AT, JER— 2R
HOm T NKS-, arRE IS 45 F M A T RO A R s
TNMWEARD, XN IERE TR
VTR T 34 o ORI E B — B R 5
THfa O/N, JLIHZIETT R ON, X F 2
JEH T NSRBI MEEEN T Pk
V- H S5 HE/ 4 T 38 HANAE P FEAIK, HE P
1) RNA & i 7E R B8 400 F R kA B 3281k,
PRI A 1% P T BB 32 22l HoAth 2% P 4 5 EE g i
MIHFERT S, BR T B —AE LA, T8RRI R
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X N/P AN C/P A T AR B AN, X bt i
220 0] BE 5 R & C R AR R B K AR A DL K
B N R B s A e,

i 8 A K S PR 1 2l O B A R S
), EAEBAREPET RNA & &4k, A
M il 1) DNA % 52— 19, T RNA/DNA [
1B A8 A AT S B 9 28 1 S BCIR B, AT AR R
TR A A K RVE FR AR FR AR 2 — 1, A
51, RNA/DNA KAZWEE FE R ZH L H 5%
Wi, 3 55 4 R AR BT 2 AR 32 108 RE R EE A9 5 ik
H—2

4 g

o5 L TIR, OORERTEE 2% 88 X LR Il £
FURERESS PRI/ 5 AN SR R: E5S T BNl &3
R ZURE A A, BUREAR E A 3R AR S Ak
St i eE R AR A . MRS AS R A B TR
T IBRE 15 1 X f J6 AE 25T MR AR AR, O
TG G B LR S MRS AL S SRR A A
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Effects of microplastics and phenanthrene on the stable isotope and ecological
stoichiometry of juvenile discus fish (Symphysodon haraldi)

FENG Xiaosa "***,  WEN Bin "***,  LIU Junheng "***,  ZHANG Yuan "***,
GAO Jianzhong "***,  CHEN Zaizhong "***

(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Engineering Research Center of Aquaculture,
Shanghai Ocean University, Shanghai 201306, China;
4. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the effects of microplastics and phenanthrene on the growth, energy storage, stable iso-
tope composition and ecological stoichiometry of the juvenile discus fish (Symphysodon haraldi), we set three con-
centrations of microplastics (0, 100 and 1000 pg/L ) and two levels of phenanthrene (0 and 50 pg/L ), forming a
total of six exposure combinations for eight weeks. The results showed that the final body weight of fish was not
influenced by exposure to microplastics and phenanthrene, but exposure to phenanthrene reduced the condition
factor. The hepatosomatic index (HSI) was influenced by the interaction of microplastics and phenanthrene.
Exposure to 100 pg/L microplastics increased HSI under 50 pg/L phenanthrene, and exposure to phenanthrene
increased HSI under 100 pg/L microplastics. The protein content increased with increased concentrations of phen-
anthrene. Microplastics and phenanthrene had an interaction effect on carbohydrate and crude fat contents.
Increased concentrations of microplastics increased crude fat content but reduced carbohydrate level under 0 pg/L
phenanthrene, and exposure to phenanthrene decreased crude fat content but increased carbohydrate level under 1000
ug/L microplastics. The 8"C of juveniles decreased with increase concentrations of microplastics. The §"°N was
influenced by the interaction of microplastics with phenanthrene, but no significant differences between exposure
combinations were observed. Exposure to microplastics increased body C content and exposure to phenanthrene
increased N level. Moreover, microplastics and phenanthrene had an interaction effect on P content. Exposure to
100 pg/L microplastics reduced P content under 0 pg/L phenanthrene but exposure to 1000 pg/L microplastics
reduced P level under 50 pg/L phenanthrene. Exposure to phenanthrene increased P content under 100 pg/L
microplastics but reduced P level under 1000 pg/L microplastics. The C/N ratio was influenced by exposure to
microplastics or phenanthrene alone, but ratios of N/P and C/P were also affected by the interaction of micro-
plastics and phenanthrene. The results of this study suggest that exposure to microplastics and phenanthrene
showed no significant effect on the growth and survival of juvenile discus fish, but it could change the energy
reserves of fish body, which might account for the changes in their stable isotope composition and C, N and P stoi-
chiometry characteristics. The results of this study can provide scientific basis for the ecological risk assessment of

microplastics and phenanthrene in aquaculture waters.
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