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% ¥ 5% 1& (Polycyclic aromatic hydrocarbons,
PAHs) J&48 P B0 A DL BRI 5 A L&
Yy, HA B0 B0 | 358 A FIOMERS i S5 R PR — L LAK
H I BRI ARSI A 32 K — 25 4 . PAHs
TEAKAR L UURR W) F0 AR W) AR 9 B Tz 6 L O HLAR 3E
PAHs (5 & S 2, Yu %59 % B = 36 fl = 3F
PAHs &9 [E £ 4 F 203 PAHs {5 5% 1 FZ 4147,
H A =3 A93E (Phenanthrene, Phe) #AE W5
FEHil Y —Fh PAHs, Phe 7€ E¥ /K 5 H K b ik
JEE H7E 50 ng/L~26. 1 png/L Z [, 0 LI T3]
1 R YE9R] T ER VTR ] K BRI VL 3R 2 KA Phe
FHEE 4390 1 370,1 700,101 8 A1 91. 73 ng/LE ",
YT Phe Bk B m B E, BB AEN
PAHs B4 TR 285 Bt i v AR My i) Bk
iﬁ}l\'—‘[‘[l/lfl,s] .

ZVAE U UM 2R I [a ] B8 X K B & (Daphnia
magna) ] 24 h PRCEILH L (LCso) 53 50 5. 485,
3.226.0. 295 A1 0. 004 1 mg/L;0. 4 mg/L AJ Phe 5%

SN KA 2 1 A L 7 B IS R] 5 39 0™ &l I ) 7 A= i
FR MU 1, 2- T R 2R RN EE 0 KR O B OK &
( Pseudodiaptomus poplesia) B 96 h LCs 43 B N
788. 98 i1 54. 68 pg/LM", Hung ZFVS JH# K &7
RIS YR N PAHSs & B7E 5~5 440 ng/L
(T ) , Ho Phe JE g FEMEY . 5 & PAHs 1)
10.5%. Yoshinori 21 Je B4 isf [A] P4 2K 3 [a ] B 2 %)
RIS B F- BRI I8 4500 7 A 52, |l T IR I U
SN i i T A A S L T DL AT R A TS
YeYIRE R S ) B VRN ST

TR R 2 SR TR U R A 77 T 1) 32 A ST o
TEWFVE AR 25 2 58 09 W) o0 006 24 0 R £ i 2l v ok i 224
PP HAS R K % (Tigriopus japonicus) Jt—
Tl )32 A0 F VH AP0 R IS A SR 2 e S G
BN G TREFR L HEACE 6 V5 e M B0k, O w TR
VTS Y EE R W bR v AR . AR S e R H
AR PRBEAR K & Jy 52 A AR W) T JE Phe B85 PRV AT 5T
H 6. E T Phe X HARBEAR K 96 h 1Y LCso, Fifi
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Ja s FHA R BE (4 Phe T 424 i 8 0 2% 5% . B
RORH AW SRS A S IV T I R S 2R bR
LKL T Phe X HARBM/KZHE EREE
FIEFARE S VAL G H - LUBI A WAL PAHs X g i
Tir sl ) A 25 X B 4 Bl

1 bR ik

1.1 SRIGHF A Fn SEI8 & 4

3E(Phe, CAS NO.: 85-01-8, 4liJif 99.9%) 4 A
Dr. Ehrenstorfer GmbH /5] (BLAE H %, fE[E), —
FAFA(DMSO, CAS NO.: 67-68-5, 4liEF 99.5%) Iy
F Sigma-Aldrich A ® C g, 1 ED . ¥ 5 mg Phe %
T 1 mL DMSO %5 5 mg/mL BRI R T T
TRAE TR —IK

AW ST T H A B2 BT 7K 28 B 76 SE 56 %5 N i 4k
B 7RO TG REE FR AR B R RO IR (21 =
2) C.Y6mEE 12 hs 12 h, B3RP AWK 2 0. 45 pm
DRI U8 KB SRR R 2941, A R4 X107
cells/mL ¥ & K # (Platymonas helgolandica) , I
T BR R IR 2 LS BB TR A AR 20 A R S5 R s
1.2 =¥ EHELE
121 gl ZHER(GB/T 13266-91 K
TR B 2 R AL 80 Ak st e Oy ik )ik A 7.
B EN BRAH IR IR, DA M 2.0,2.8,3.9.5. 4,
7.4.10.4.14. 4 mg/L Phe B84, 3L 9 41, &4k
Y& 20 HBEALIEIN T 24 h B9 H A< JEBEAE K 3 TG540
TR R 2 55 96 h S RIS B O BEVE A IR, Mk
JEHR 1 X 107 cells/mL, ZEEIKRN 5 mL, frf L5
Y DMSO e BE A S T 0.1 Yo, BREHIE 3 >
7o B 24 h B — IR EE R, JE LS H AR R BEAR K 3%
FPIRIL il 3ok S A2 5 sl g 2, LA 15 s N2k 20 3 g
TIPSR BE T, AR 4l A 28 B0 43 BT O 35 38R 96 h 1Y)
LCSOWST .
L2.2 bR g ARSI S LR E Phe
BRI 12 1 2 R M B 4331 A 0.5.50,500 pg/ L, Pk 11k
24 h AN TC W A IR SR 2R B 520 . SRR AE /S FLAR
AT ARALCE 10 Ik, BA- L i i 3 41
17 I SE 4 i) DMSO W B 5 & T 0. 1060, 250
RO B AR 5 SR I AR AR R . S 0 [ g K T
e R TR FE N LLREHLE L 6 H H A R BEAR K % . 78
T TS MEA I, T S-gauge M, i AR ARG,
WRIAK g =[In(,) —InC) ]/t HHRERKHE (2,
K1, FORFEFR YR A AR K EAR K, L Fom
IR R TC T A IR IR 1 FOREEFRI R
L2.3 A A fESCIORT— R £148 5 ) M
PEAMR (n=100) F 7S FLAR H 85 5%, DLORUE 55 36 i 5 1)

Tos gl AR A — i ] BEBE AL . PR AR i Fo AR
AL 24 DO T 12 LR 4L 1T H LA
H20 AEL, BRERRN 4 mL, RE MG T XA
L2.1, HRIEMEHE T WELT IR RE R iC
A ENTC AR ERE L AR (N~C) B 2 4 1A 2
PRCC~AD YR I, 2% I 300 A 0 S B s o0 < T
TR HUPARME St L0 1Y s K A BB AL A AR i
HEEE i A A DRy A e L M A BT A R O R
KA E A OLE D,

(A~F. 45 G PR Naupliu stages; G~ J. g B¢ 2 4l {4 Copepodid
stages; KUHEPE B (5 3k Br s ML LAY P42 28 ) . Adult males (The
arrow shows the specialized clasper) ; L. 514 (57 3k B 7 Sl @6 A2 5
). Adult females (The arrow shows the genital segments).)
K1 AIRDR & Y HAS PR R K S T SRR
Fig.1 Morphological characteristics of Tigriopus japonicus

at different developmental periods

1.2.4 B 435 kL FarlE ff HA B K &%
KH BB WA AU BEAR  ZEAH R 1Y) Phe ¥k B2
FYRSLRR R WAL SR H A SR BEAR K & 10 d IO
PR OUR =R, DL B K 7 B[] O B g
FEENTF — W EEDP I ED

IWERASLILAE =B B A= 1 F1 AR JE 1 44 (<<24 b,
HMBEATA Phe MK E . BRI L, &
T F1L AT RN & & 28 2 L iR (O F R 4
(A) I B a]
1.2.5 B & R FE L by £ 1€ 100 mL [y %5 [
SR P B A 0.5.50,500 pg/L Phe fil 1 X
10° cells/mL %5 & K B 5 30 R R o 1) A5
ik 30 RYLHR T 24 h i gk & s v s
#% 24 h, [A]RSE 35 VA 5 ) A L RN 0] IR 4] (o A
) DARN B AE TO I & A5 T W IE A KA O
NRBEEBEE 3 A TPAT. EIESH G, B YSI A
ASCIN 5 Xof B £ R S 565 2 1) 9% i 48 (DOD L SR JE B T mL
T TR BT PRI 2 76 B U8R T Bk Boh
BATEHF S RRENTE. RI\EAX D~ HHE
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IEKAR B R R AN R

F=V({nC,—InC) /(N *1); (D
G=V{UnC,—InCy) (Cy—Cy)/LN « t (InCy—
InCo) ], (2)

Ko FARERIEAKFE(mL « hD, BiRE Rk R KB/ ik
BERRE K G AR E R (cells « b, RIGE HE e 225
/NI ARGV ARER B AR TR (ml) s N 4R
F LN HAG C IUEREREWIRIE (cells « mL ")
C, AT BRI 1 S B VR E Ccells « mL ") 5 C fX
TSI PRI Y (cells « mL )5 AT
i C(h)

R,=(Cy—C) +V+0.7/(n+1), (3)
KRy AR (pL « ind '« h )50, RFEEH
XTHRZH DO ¥ (mg » L) C, ARSI 4H DO ¥k
(mg « LD VAERILEIFBAIR (mL) s n RS 2
FAH ¢ ARSI ] (h) 0. 7 AR RS TR R LI
AUNES @

1.3 #HEs 1

Bl R AP S hrif 2230, H] SPSS 22.0 1
WATG T 2F o8, 7 2 R B Levene’s Jrik ks, ok
PR 7 2243 M1 (One-Way « ANOVA) M 4 B 21
A BRI 22 57, JF#F4T Tukey’s WEVER TR, B
fR/KF P << 0.05 25 3. P << 0.01 N2t i

a1

o
2 4

2.1 Phe 3t H A ERIAK BRI BB IRE

VAN BRZH HAS PR AR 7K 2 i A R 3 ok 0, R
FHBER AL Phe X H A R BEAE K K1Y 48,72,
96 h LCs 4351k 3. 061, 3. 983 Fl 3. 675 mg/L (I3
D), B, H A FEBEAR 7K 2 S0 T 2R Il 25 %% 2% 1) i)
F14) JIE K T2 5 R 38 1) T o 8 T T v s 2 B BH I 1 )
TR (WL 2),

F1 Phe MAXREREKZIMFUEIRER

Table 1 Experimental results of acute toxicity of Phe to Tigriopus japonicus

SEGRI ] R N 95% B W] et I XA R
Exposure time/h LCs/ (mg+L ™1 95% confidence interval Linear equation Correlation coefficient R*
48 3.061 2.788~3.379 y=10.601x—5.150 1.000
72 3.983 3.538~4.488 y="7.876x—4.728 0.983
96 3.675 3.180~4.240 vy=28.201x—4.534 0.960
120 - 5l 2.3 Phe 3t ERKFNEFER R0
£ 1007 = 721 231 WA K E XA . 5,50 A
= B0 - %k 500 pg/L Phe 5% 72 H1 96 h 15 52 FA% T H A 2 5
$ 60- Bk 2 1 Ho 2 4 (P <20, 05) . i1 500 pug/L Phe
a0 AL 72 F1 96 h [ F AR BN B H X BRAL T T
B 20 67. 291 63. 9% (P<<0. 01, WLIE 1), 50 F 500 pg/L
e T T T T T T 1

0 1 2 3 4 5 6 7 8
Phe¥fé ¥ Concentration of Phe /(mg-L™)

K2 AR Phe X HAS JRBREAR K & B R L5 R
Fig.2 The effects of different concentrations of

phenanthrene on the mortality of Tigriopus japonicus

2.2 Phe ISHEE R | 87Kk Z 50 FE 0K 2= &Y 8401

52 BXF AR EL . 50 #1500 pg/L Phe 258 3%
FEAR T HAS FRBEAR /K 28 87K 3 5 % (P <<0. 05),
HA R NG XA 45.1% 5 27. 8% (JLIE 3).
H A SR B K 2 BRI 32 W FE Phe A9 2858 T 1B T 5
O PE T R, 50 BEALA L 4 B R BE T 68.500.
84.4%.93. 8% (P<C0.01),

Phe 5% 24 h J5 H A B K 3 19 Eo AR K Rt 31
THETRE(P<C0.05), 1 48 h B 4% 2 (14 be AR K o %
JoBE MR (P>0.05),

2.3.2 A F Bt 55X BEALAH EE . 5.50 1 500 pg/L
Phe 23 B F LK T FO A H A R BEAR K & N TC 174
& B B R 4k . N TC 1T 24k & B B LA LA
B LR K B B BRI EHE, I B Phe Xf FO 0% & B
[ 4) S0 K- R 30 3 B I8 7 790 S A 8 (P <20. 01, ULIA
5). 500 pg/L Phe £ 88 T FO A3 HL 5 JoH: BRI %
LA F1 AR, Y 5 F1 50 pg/L Phe 28 J5 FO
AR ) F1ACE K 3R 55 R E TR R B I
1] 5% B ZEL R P 5 2 K (P <<0. 01,
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0.184

1600+ 0.16
0.14
0.124
0.10 4
0.08 4
0.06 4
0.04 4
0.02 4 **

14004 6
12004
10004 0.015
800 _
600 010+
40071 2 0.0051
200 >
0- ~ 0.0004 0.00-

500 500 500
Phe%ﬁ@f Concentration of Phe /(pug L") Phe%ﬁ@f Concentration of Phe /(pg-L™") Phe%ﬁ@f Concentration of Phe /(pg-L™)

0.0251

HER Grazmg rates
/(cells-h™)
HEk 2R Fllterlng rates
/(mL h )’
(=]
fe)
=)
TR 1 2% Respiration rates
/(HL h™)

G 50 B2 A L BT S8 T2 BG83 1 (P <<0. 05) ysex R 556 BRI AT HL LA G b2 L AOAR R 35 (P<<0. 01D, The asterisks indicate statistically
significant differences from the control group (% P<C0. 05, %% P<Z0.01).)
K3 AFEMEZR Phe(0.5.50.500 pg/L) 8% 24 h 4 H A FE B K S48 23 (A) JE/K I B) FIFIL AR (O B0
Fig.3 Grazing rates (A), filtering rates (B), and respiration rates (C) of Tigriopus japonicus

after exposure to 0, 5, 50, 500 pg/L phenanthrene for 24 h

30 7
o

5% o 5pg/L
[ 50 pe/

20 - M 500 pg/L

HoAE K # 2R Specific growth rate/%

A} ] Time/h

Ge7R 50 BRZHAH LU B G2 i 38 M (P <<0. 05) xR 56 FRALAH Eb FA G2 ik 31 (P<C0. 01D, The asterisks indicate statistically
significant differences from the control group (¢ P<C0. 05, x% P<C0.01).)
K4 ARMEELRY Phe(0.5.50,500 pg/L) B&fg 24.48.72 F1 96 h X H A JREREAR /K 8 HoA: A8 (14 52 )
Fig.4 Specific growth rates of Tigriopus japonicus alter exposure to 0, 5, 50, and 500 pg/L phenanthrene for 24, 48, 72, 96 h

180 (A) 3007 & *k
wS 1604 o o PO *o% 1604 (©) e
32504

,5‘; 1204 =T E 2004 g_‘IZO- * ok *
= § 1004 =g i 1004
o O (7]
g 801 .FOJEEEISO_ mF0 Eg a4 mFO
&E 60 DF1 4% 5100 oF1 ﬁ% 60 OF]
2 401 e 504 <5 404
“R 20 z2 D

[m) b (=) o 0D 204

0 550 500 5 50 500 00 5 50 500
Phef & Concentration of Phe /(pg-L™") Phe%ﬁﬁ" Concentration of Phe /(pg-L™") Phe¥ft & Concentration'of Phe /(g L. )
X

G R 50 BRI A L B Geit2f B i 38 M (P <<0. 05) w3 5 5% BRALAH EL LA G2 LAl i 3 (P<C0. 01) . The asterisks indicate statistically
significant differences from the control group (¢ P<C0. 05, %% P<C0.01).)
K5 [AWEERY Phe(0.5.50,500 pg/L) #5854 FO AU F1ACH A FEBEA K 25 A TC 19 S A & 7 26 R 2l AR A I CAD
TCAT YA A B B AR R I (B) LS MR JE 2l (A 0 25 B 380 A S0 1y B A (OO
Fig.5 Effect of 0, 5, 50, 500 pg/L phenanthrene on the on the development time of Tigriopus japonicus. N-C,
nauplius to copepodid (A); N-A, nauplius to adult (B); C-A, copepodid to adult (C)

2.3.3 @I E  SXMEAAMLL,5.50 F1500 pg/L Phe 500 pg/l. Phe B4 AR HBHIIIM S (P<<0.0D), &

u»\/

Rl 18 d BEFRR T H A JRBEAL K 38 By HE I8, Horp BUEFER I CILIE 6)
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1209

100

80

60

40

20 A *ok

Hipp e
Oocyte production rates/%

0 § 50 500
Phe¥f ¥ Concentration of Phe /(pg-L™)

GRS 0T BRAHAR LU BB Ge it b 0 i 35 M (P <C0. 05) xR 5 0 B
HAH LG BB Ge it E A i M (P<<0. 01), The asterisks indicate sta-
tistically significant differences from the control group (x P<C0. 05, %% P<C
0.01).)
K 6 ANFEREER) Phe(0.5.50,500 pg/1) ##% 18 d
X H A PEBESE 7K T HE B 1Y 5
Fig.6 Oocyte production rates of Tigriopus japonicus

exposed to 0, 5, 50, 500 pg/L phenanthrene for 18 days

2.3.4 B FhH A9 A F B 55 %) BEZHAH L
50 pg/L Phe 28 T8 H AR K & 10 a NI L™
ZROR IR T (P <<0. 01) [ %) BRAL1Y 58. 3%
(WL 7A) . I6Ak, 50 pg/L Phe 258 T P2 & & B[]
W T B K (P<<0. 01, JLE 7B),

(A) *

504
40 1
301
20 1
10 1
0_
0 5 50

Phe¥f [ Concentration of Phe /(pg-L™)

B)
g 35-
=]
=301
g 254 *
g 204
"‘é 154
£ 104
=} 5-
0_
0 5 50

Phefé [ Concentration of Phe /(pg-L™)

[ e ]
S o O
I

511 58 /2 & A [A]
Oocyst development time/

724 8X Total number

G 50T BRATAE LU ELB BE 12 b 9 i 3 1 (P <<0. 05), The asterisks
indicate statistically significant differences from the control group (x P<
0.05).)
& 7 AFEHEE K Phe(0.5.50 peg/L) 585 T H A BB K %
10 d {9 SR 2l CA) FIBRE K 75 I [ (B) #5200
Fig.7 Reproduction and oocyst development time of

Tigriopus japonicus exposed to 0, 5, 50 pg/L Phe for 10 days

3 e

3.1 Phe Xt H R ERIRK FZ 4 (1 2SR

AWFFEM AT Phe X H A SR BESR K & 41141 96 h-
LCso 2y 3. 675 mg/L, 2 MERE M E0 B BRIk 45 25 5 1
R FEAUA NG 30 1) — IR (8 24 h B 200 3%
fil SN A W) 2 )5 BT 5 R 1 TR BE AR BB T
MIERMKE L HIFEZ DR E B B, S35 m] — M5
QEPPRIAS R R R 2 R R AR EOR 22 5. 11
0, Phe X7 K 95 4 K 3 (Acartia tonsa) 1) 48 h LCs,
o 316. 7 pg/L, 1 Phe X =2 f£ B 4 ML (Brachionus
calyciflorus )] 24 h ECs, 24 195. 7 mg/LP% | G 5T
118 Phe X}hEE K & (Pseudodiaptomus pelagicus) iy
96 h LCs2k 161 pg/LUY iR FAWFFE NS Phe X H
A PEBEAHK Y 96 h LCsofH . SPEREEIIREE R T5
PR BEHEUE R TITT 55 A2 25 KU PPl AR 0 I e $ 1t
FEREE . DA PRUERT I BR B AR T RE S A AL IR AP A
ARG FEUCR T A W i) B T Jre 2 8 S 5
3.2 Phe X BARMIEKZERR MRUAREKLZ TN
A1)

16 VT R R B LI 45 SRR P, 5,50 A1 500 pg/L
Phe % #5345 80 H A JREEAR K 2 (1) I 236 1 28 R B )
I R BE ) Phe B2 22 FEAR 1 AR B AMIE K 2,
B Phe Zxfg W 0938 . B AR JR 504G /K 28 19 Fo AR K
HAGZEREAL Horbrp YR Phe 282 W FRAIR T H
A PRPEA K B FO A FLACH A F A . A Phe %%
2 BRI o FO AR & & A B2 S 2 F1 AU
KB FMER . Yoon 545 20 mg/L BiRFRiHK
W R HAR RS K &, 2 FEUE R K F RS 5
ARSI IE G, Fei S50 5 R B, B e K H
ARIRPESK ZM G BT . AWK 3R RER
FRE F 0 ) 2 B B R B AR 2. i, 2
#& T 3.5 pg/L WY 24 h J5 H A JRGEAR /K 2 ) AR
SIAERBUR G2 2 Re W R RS, 1 5 pg/L
b2 FBUTA MAH YR, T H EWEShRE ST T E Y
M 3 HAR B ABE K e B I, Phe 1T BB 1
B R BRI E R R, FEURA KK
TH%E.
3.3 Phe 3 B AR EBHIE K ZEIHRE TR

Phe 388 T H A JRBEAR K 8 B A R 28T . B
BEAE Phe W BEAY TR HAE DI AR BT [, 500 pg/L &
FRAl LRI, B0 F1 A" E . fEmKIE Phe 2
BT HARRRR KR 10 d SIS980T %,
HOPFE R B W] 3 m . R PRI — B4 5 1R AT
& AR THI G PREE Y 1 38 ) B B PR AS i RE e S 2 1Y
Sy BCEHCA PR S e b s o B R B B



34 M, A JEX A R RRK SR AR KR S I 85

MRERE . S WRoTdE 1 55. 29 pe/L i MU V8 XL
ACTBBPA) a] L2 H A FEREAR 7K 2 M 1R A 5 ) i 3%
Fhimo A KRS [ 0F 58 S B0 T 1 1 5 I R ik
(BDE-47) 23 380 H A JE BEAR 7K 2 7 4 0 W] g
MELEM I E &NEE, SRR ek ENRIETG R
Bt Almeda Z557 4R3E Acartia tonsa G5t A7 T2
=5, HOp A 2 7 7 Phe, ¢ B (Fluoranthene) 4§
PAHs, £H] PAHs /] LGRSO ™ — R, S5
SEUORE PAHSs 230 it R R K 5 1 e 2R K LWk
FEDPIE] A U™ By i 18] DA K7 K e A B
S R P DR R 7K Y e 2 A R 7 K i B R
PAHs oAUk, K, PAHs B85 255 iRk 2 2 M ik
AN BRI B ARG ™ R 3, R A BRI AE R B L,
BRI

Z5 FRTIR , Phe 58 38U H A SR BESG K E 18 12
FRIEIK R FNE W 2 B, K E R, B AR
JIF B s HAFAE — 2 B (B R0 R0 o Vg A A2 A
BRI O 2 R T AR W A 1 B
FF VRS BB AR ) A B PT BB S i /N AL
TET& Sl A W RIS I i T AR S R GE I RE

4 Z5iE

Phe XF H 7% jg B 4 K & 21 /K /9 96 h LCs
3.675 mg/1L, Phe fYRIHREE AR T H A JRREAL K &
FROE L 8 DB K 38 5 R I 3, R BORE i B AR /D R T
T A AR BRI B R ASE 4G s Phe QH 2 82 25
FECH A PRI K 28 HE O AR AR SRR g o b
B K 7 N ) A A, 2 7R S v VR A O HE B B E RE
J1 32 3

S 3k -
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Effects of Phenanthrene on Feeding, Growth and
Reproduction of Tigriopus japonicus

Li Lianxu, Wang Jun, Li Xuan, Wang Dong, Ru Shaoguo
(College of Marine Life, Ocean University of China, Qingdao 266003, China)

Abstract: In order to explore the toxic effects of polycyclic aromatic hydrocarbons (PAHs) on marine
copepods, this study chose Tigriopus japonicus as the test organism and phenanthrene (Phe) as the
representative PAHs to conduce exposure experiments. The acute toxicity test measured the 96 h median
lethal concentration of Phe against T. japonicus was 3.675 mg/L.. The chronic experiments showed that
5, 50, and 500 pg/L Phe significantly reduced the specific growth rate, prolonged the time from anarchy
larvae to adults, and decreased the egg-laying rate of T. japonicus. Moreover, 50 pg/L Phe reduced the
total number of juveniles and prolonged the egg sac development time, and no egg produced in 500 pg/L
Phe exposure group, which resulted in reproductive failure. The F1 offspring produced by females ex-
posed to 5 and 50 pg/L Phe were cultured in clear water, and their development time was also signifi-
cantly delayed. In addition, 50 and 500 pug/L Phe significantly reduced the feeding rate and filtration rate
of T. japonicus, and the respiration rate was decreased in all exposure groups. Therefore, Phe had obvi-
ous toxic effects on feeding, growth, reproduction and offspring development of T. japonicus. This
study could provide references for the evaluation of the ecological risk of PAHs on marine zooplankton.

Key words: Tigriopus japonicus; phenanthrene; ingestion; growth and development; reproduction

REHRE B #



