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FIIRGE DR 5 (22 3057 ) R it 1 A ) AR B Bl A R0
HAR (O - N)FRRHETEALY) AT, m]
BRIE VA W32 PAHs 5535 Ye iy bt i i A= 2 iz 1),
RE S Ji& BHLIEE P 25 W) %) PR I5E 14036 17 1 LA B 2 B3 Bl
Mo HAEG, ©AMERFF e mEr | wm e
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JRURS: S (R 27 BB AR R LA K o o0 2 5 5 Ml 418 14 o
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1 ARSI
1.1 B 5RHA
. =HRIE, B, —HEBEIBA Sigma 2

(Sigma-Aldrich Corporation, USA), i KTF 97%;
PRI [ v 1 24 4 P Ak 2 A BR S D
1.2 ¥t

P52 F K i 5 ol AT RS A, 3k B £
IEH W05 0 SAE R L8 sh W, B K AR R T 5 ok
(12+2) g, B 5 AR URA vk AR (R A7 I 5z 1] 52
W RS HELREFITYFE 1 . Y15
), R K ] 3 55 Gr 4 MR B B (Sargassum
thunbergii) SN R SR 05 FI 2, SE5 K b R 3% PR AT 1
B JE TR, I S P R G KRR (15+1) C,
FEAE . SHIIEEE L BRI R I O T I R 03 S S
Ji%, 500 mg/L Y 4 Fhfifi &, F5iX 4 Mt & 5 K
FiC 8 i AN [ B2 22 A D7 ARV TR 2 TS, M
JE. SHIRIE D BUR R R BRI e S, #RAE
ZAIFER R E 10, 20, 50, 100, 150 pg/L 5 43K
YRR RE, TR 1S O REZERT 11 P9 TR B s 51 Xt
WA, 90150 06 25 2R B 7 4% A S 5 v PR B X IR 5 S
PO IR 2 8 T d 25 2 S5, TR I 2280 g% AT XTSI 36 ) e
M, 36 125 mL 4 FFDRAE A, SEg0mT R
JH 5B R T R W DR T 2K 8 i SR B AR A, 4R
Ja ¥R AGE . SR B T A A
WA BT W, BT INA 1 SRARE Y
ifIZ )5 L A PE (REEIRE O, RAab 32 10 4
SEATERE, SCERIEAT 4 h, S EAR T EE A v
FE VS R AR A o i, AR 5 A AR AR

FIHEE R
13 &

#E45 % (oxygen consumption rate, OCR), HEZFR
(ammonia-N excretion rate, AER)FIE A (0 : N)H
LA Rk ORI R

Roc=[DOy-DO, |xVIWit, (1)
RAe=[(N—No)xV1/IWit, (2)
O : N{H= Roc / Rag, 3)

1, Roc Al Rap 430 38 7 B 4 5 o 15 il 5 46 4
R (mg/(g'h) FIHEZE AR (ug/(g'h)); DOy DO, 73514
TR . A K TR A i (mg/L); N, No
G390 R SETF bR L 4 SRR K TR R ER B (ng/L), V
R IR A BIRBL(L), ¢ R S2BmFE] (h), W R 05 )
SR (g)-
14 HELH

SEEEE ] SPSS 25.0 Ak T ST oA, H
Excel XJ 8040 47 B AN — 250 T 2k H ANOVO-
BLIR R T 22 00 B BB 4% Ak B 2H 5 ok BE 2 A 25 Sk 4y
Mr, H P<0.05 i}, FREREE.

2 &R

21 EMRSEAE. HEER O N
%R

R 1 AT, A5 2 A A T R SRR B R AR
VA M 0 B 2R b T A, FLHE SR b E R
Jo R R B RN A BT T MR s LT,
O : N L I %% 5% o ok B 18 I B I S22 7 1 1Y
e JEREWRE N 10, 20, 50, 100 F1 150 pg/L
() FE SR 1 1 35 0 B4 (P<0.05), 4 3E i vk
JERH] 150 pg/L B, FE4 K H] & AH 8 mg/(g-h),
X REZL T8 280.95%; 5 i S B A it i HE 20
TEFEFT R EE Jy 10, 20, 100 A1 150 pg/L B 5 25

T X IR 2H (P<0.05), MAEFm K L E] 20 pg/L A,
HE R Rk B e KA 22.87 pg/(gh), Bx BR 40 T

99.39%; O : N WAEFE &M B4 10, 20, 50, 100
H1 150 pg/L B I 35 3 F X R 4H (P<0.05), O : N HLBé
& JE R A9 TH R (20~100 pg/L)H LT B3 BTt
20~100 pg/L BT W JE T O @ N b i xf id
111.1%~222.2%, Ui 055 S VE R T 1R P fg
YR kAR T BE AR, JF B R
JE 1 v AR i T BB AR T e K 2ok H TR i A
KA.
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Fig. 1 Influence of phenanthrene on the oxygen consump-
tion rate, ammonia excretion rate and the total O : N
ratio of Apostichopus japonicus
25 7 (P<0.05) A RI/NG FhER R, Jo i M 25 5(P>0.05)
JA RN F 8RR, TR
Significant differences (P<0.05) with different lowercase letters,

there was no significant difference (P>0.05) with the same lower-
case letter, the same below
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WM R AR g . = R E R B
10, 20, 50, 100 1 150 pg/L AIFEA R B2 T Xt
HEZH (P<0.05), B & 38 0 ) - 000y oG R, AR G
PENFRN »y=4.897 1x+1.2267, R>= 0.894 5, H 4
= RLAE TR IR F] 150 pg/L B, FEAESRIA T i
KAE 27.8 mg/(g-h), BXFIBAITHE 1 224%; HXHR4]
ARG, 7 50 S A R[5 R 2 25 i Ak 3420 o o v 32 )
FHE R LT s, BIESIEE AR 0 NI
Bl — F LR VR B 1 T s AR 2 BT, ARG
PE RN y=0.302 6x + 0.499 3, R = 0.593 3, {=H
FEAEF R A E] 100 pg/L B, O @ N His B R ME
2.16, BXF MR TR 1037%. VEBAOT I 24 = 5E3E
PVE R SR e B AR Uk AR T 3 AR
b, I H Rl — R T v B ) o LA i 7 e
AT RER 2ok H T IR FiK AL &4
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Fig. 2 Effects of 3-methylphenanthrene on the oxygen con-
sumption rate, ammonia excretion rate and the total
O : N ratio of Apostichopus japonicus

Ll I 3 2 i o dk i 8 446 TR AR S 0 L T R
BUTEME 10, 20, 50, 100 F1 150 pg/L BYFER
R T X R AL(P<0.05), B 2 09 F) B -5k
B ER, FRPETFE A y =2.46x + 3.44, R* = 0.955 2,
HY B B IR S 150 pg/L B, #FEAZABE A
fH 19 mg/(g'h), X IAITHR 201.6%; 1iHIZHA0
PR HE R AR BT 10 pg/L B W3 T
XTHRAH, HAE B B 20 Fl 150 pg/L B i 22K
TRIRZH (P<0.05); O @ N FEH B R E N I 5
BARE IS, HAMAHCH TN y=0.289 7x +
0.296, R* = 0.796 9, 4 BUJFi i B3R %] 150 pg/L B,
O : N ik B K(E 2.18, XA FH S 289.3%. ik
A7 300 2 76 B A F R R 9 g o o i A O =k
AT WE AR, I HRE A B 0 T AR T
T Re W RE K 2k B F e i fi KL &9 .

S ENOCR #RAER ——ON . 125
22 i
2w d 2.0
SR N {15 &
EY ¢ b Z
SH 10f 1108
ww 5 \ 10.5
000 20 50 100 150 °
E/(ug/l)
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Effects of anthracene on the oxygen consumption
rate, ammonia excretion rate and the total O : N ra-
tio of Apostichopus japonicus
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L O 0 N LU BETE 5 58 Jot it vk B 398 e R o S i 1
Frimas, PR E R EWE R 10, 20, 50, 100
150 pg/L MFESR F3 W3 T X 41 (P<0.05),
I BN O O R, HAHCHE TR y=
4.34x +3.293 3, R*= 0.822, H. Y — FI LB i o vk ¥
IKF] 150 pg/L B, FEAEHIAE|FAMH 33.7 mg/(gh),
B IRAL TR 439.2%; 5 ) 2 B A4 B i HE A R AE
TR BT VR O 50 R 150 pg/L A I v TR IR
A, HAEZHE BB 20 A1 100 png/L B 52
fIE T4 B2 (P<0.05); O : N [ — L 80 o vk
JE R T AR 2 T, A S R R
y=0.347 1x + 0.396 7, R*=0.843 5, >4 "I JLE i &
WeSEEE] 150 pg/L B, O N ik 8 i KAH 2.6, #XT
HRZL Tt 55 364.3%. Uh W5l S 76 BUAE S R N g
AR T R AR T BE AR, I Bk
P 56 BTt vk ) v LA i 75 e 2 T RE R 20K
H TR A KL A4

&= OCR @3 AER ——O:N
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K4 THIEXTRISFERSR . HEZEM O © N HLHsEm

Fig. 4 Effects of 2-methylphenanthrene on the oxygen con-
sumption rate, ammonia excretion rate and the total
O : N ratio of Apostichopus japonicus
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B, Ok 1
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Tab.1 Comparative toxicity study of four distinct PAHs
PAHs FEA BRI IR /% HEZCRAEHE /% O = N M1 %/% LA TN %
E[3 243 45 172 460
=R 930 4 864 1798
B 110 -10 161 261
TP 232 -3 225 454
3 W —E, B, FTRAHED, FEECR T s R AR

3 RF RN R EHEF G A
TR VR A ) FE AR 3R AT A BRI 40 o Wi AR Y
AR RN A AR, 1 A P A T vl e A ) A
SRR R AR . 20718 XN A T
W g B RS A N D RE 7 A — 2 RS2 IR, JE ad fle i
WP 25 B 2 ML DNA A AN S8 AR e B S A i
PE, P& VAR W A PR 3R ORI T S B
AR ARzIe b, 1 4 FORTRIR B B 23855 b
T, iSRRI B E & T X B4 (P<0.05), H
BE 4 Fh 2805 Rk BE B T AR N R AR A L T
A k5 R A B PR 5T A AS [R) B AR 41 AR EE AR
(Cherax quadricarinatus)f£ FiiE ik E A 0~8 mg/L &
R EPESEE AR TR AR L TR FEFE P IT 1
I MGEHERR (Urechis Unicinctus)TEUEMR A 0.019 8~
0.050 2 mg/L ASFRERIMA S5 T FESA R LA

3.1
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BUR RS R 15 AN EE (i AR RIS O, Vg ve AR il
WA UHFE RN E SR BT, AR W A A i Bl
A ATP, 4 )32 RIS RIRBE M E I, 230k
ARG R G ARG B, 4 5 8 95 ) 0L o i i o
b STANLAN T NEEZ N1 7 STELUS s S K VAV NTiN=x i)
IS HEERZ = H ARV B fe R, FESAUR bl — H
FARREE TS 220 S AREIS K, X nhe s S H
EREMEVE A HALFP S 2 A5 80 A ¢, gt — H
SRR T B - A0 CAT 351, S T
PEA R H 3L, B LA | 22U A A 5
TRAZIEIE, WA S5 A B PR R g )
WM, (RISIERM 2 6 Rk R )G, H
CAT 1M T2 I s, HBER . HIRMCERAE
VB TS, (ISR CAT 1&g, 2
FETE B EH RN K R (P<0.01), Hih 2 KRR E
Ve, 200 15 4% .
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32 3AFRAGRLHEAEGH

i Z R B Ve AR Y, HOAR B B i
LW LS BRI X B AR RS, R AR
TR AT AV R A ) A B 0 9 AR AR S A R U
W oR, 205 REIER TSN 200558
Z AR 1 (ARR), k175 5 SO ] 40 M €4 R il (CYP1A)
(O I, DA T 502 Ve 2 2 AR g 520 Ak s
rh, TR N 10~20 pg/L FEMMET, i
ZHFE R IR, FTRE S TR R A1
T, JLE R AR 2 2 R WM S, A AR B AR
R R IR HFECR T R A OC, HOha /R TR,
IO 3 R AR ] 2, 3% 45 NERICE 25201 5y 48 S —
o YA T E VR KT 20 pg/L B, fiRISHE
FR TR AR B AL FRALAR, X T RE R T
W AR IR oy Z2 IR 5 R 2 AR 1, TR AR 1 4
JH €8 SR WA B, SRR P iR R SR 1]
AL, W EETER RO, 7E = H SRR AL A T
WE R 10~20 pg/L W), (50 ZHEE S 0 0 2% T b
1 %(P<0.05), X 550751 = I 2R 4F FIZRR 2 36
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TP I I A O T g I ) S AR PR g
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Abstract: To investigate the toxic effects of PAHs, which is mainly composed of phenanthrene, 3-methylphenan-
threne, anthracene, and 2-methylanthracene on the marine organisms, the sea cucumber Apostichopus japonicus
was introduced to PAHs at varied concentrations of 10, 20, 50, 100 and 150 pg/L, respectively. The oxygen con-
sumption rate and the ammonia excretion rate of A. japonicus under the stress of four distinct PAHs were meas-
ured accordingly. The results demonstrated that under the stress of four respective concentrations of PAHs, the
oxygen consumption rate of 4. japonicus was significantly higher than that of the control group, and the concen-
tration of 3-methylphenanthrene had the greatest influence on the oxygen consumption rate per unit body weight,
with the correlation equation of y = 4.897 1x + 1.226 7, R> = 0.894 5. Similarly, the ammonia emission per unit
body weight also fluctuated with the increase of PAH concentration. Under the phenanthrene stress, with the
phenanthrene concentration of 20 pg/L, the ammonia exhalation rate fluctuated the most and reached the maxi-
mum of 22.87 pg/(g-h). The O : N ratio was substantially higher than those of the control group under the four
distinct concentrations of PAHs, and proliferated with the overall exposure concentration, and was most affected
by the concentration of 2-methylanthracene with the correlation equation of y = 0.347 1x + 0.396 7, R> = 0.843 5.
The experimental results established a scientific rationale for exploring the toxic mechanism of PAHs on 4. ja-

ponicus.
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