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Study on the Different Responses of SCCPs Stress be-
tween Polymesoda erosa and Polymesoda expansa
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Abstract :[Objective]To study the different responses of SCCPs(short-chain chlorinated paraf-
fins) stress between Polymesoda erosa and Polymesoda ex pans. [Methods]The lysosome neu-
tral red retention time(NRRT), total antioxidant capacity(T-AOC) and MDA content of blood
of two clams were observed along with the change of the different time and dose SCCPs. [Re-
sults]In the early stage of low SCCPs concentration stress,the NRRT of two clams showed
hormesis,especially for Polymesoda erosa. T-AOC and MDA content showed that Polymesoda
erpansa was more resistant to adversity. The

responses of two clams to SCCPs were similar

We#s B :2017-05-31 under middle and high concentrations of SCCPs
YR A T AE 1983 ) T3 B BBFIC A EZMF LS rress. [ Conclusion 3 The  responses  of
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* [ G T 2 VR0 Bk B 2l B U A 6 I (2017FY100704) . SCCPs stress were similar with the change of
7 AR A B G 30 H (2016 GXNSFBA380033) )7 P B#BE 2 dose and time, and the resistance of Polymesoda
AR5 S H ASYI22HSLID M7 M MR SFINE  ex pansa to adversity was slightly stronger.

S A A U (GKLMC-08) BE i) Key words: short - chain chlorinated paraffins,
w o AEIEH B UKA1966—), B g B, FEMNFAMAME  Polymesoda erosa s Polymesoda expansa s stress

25T E-mail ; gxybing@tom. com,

498 Guangxi Sciences, Vol. 24 No. 5,October 2017



0 3

LA 58 & XY J 4 S04k A 15 (Short-chain Chlori-
nated Paraffins,SCCPs) /& ik % K B F 10 ~13 ik
JE T AL R 30 % ~70% B Ak A 3 (Chlorinated
Paraffins,CPs), SCCPs Ji 7> &2 7%, A ¢ Atk 2k
WERME KEETBRE N FR/RAEAITG Y
(Persistent Organic Pollutants, POPs) 51, 3£
PRBE OR3P 22 NS R BRSO 70 3 L RN K HE 2 Bl 8L 55
ke B0 R AL O TR A LIS Y
Y1 (POPs) i 18 8F IR EE 23 2 ) dof H 5 A POPs % ik
TS AR T e SR A I K ST A I, SC-
CPs HH B A B AEK R . R EW IR E R
MG XA R . ORT ARF ST 3 R H i 7 2 2=
BT SCCPs X 3L 3h W) 47 B AR By # . SCCPs
RE 3 i WG 1A 2 3l W F e L FROIR B LB OME 98 E K
RS ORTAE )4 (1) SCCPs £ UK [ H BB #E %
PRI SR E S b FE TSR B4 . SCCPs B
AR 0 KR AR ) AR 0 X K AR TG R HE A
¥y, Firsk 2% % Bl SCCPs ¥ H A& ¥ 8 Oryzias
latipes MR B TEMEAE . XU AR50 R BUAS A 77
HEEY SCCPs 1T 3 i BE & £ iR i 2 & W L FE T2 % 1
Tho g gt E K, AP RY] 20~24 pg/L BIT]
B 2 W52 3] SCCPs ¥ KM Daphnia magna
WK Mysidopsis bahia 1 P B e R e,
ZED2T R BA DU Mytilus edilus %F T CPs f) 5 (K 5%
W 9.3 mg/L. [ARBFZEYIN &Y 2 i A &
A i AR 7 R 3 — R H G T SCCPs B {5
Gy PR 1Y B F AR S BEE R S AT AR Rk . HET b 0k
SCCPs 1Y # £ AVE AL i A A . 28 48 19 35 1 3t
WRER Bl = R 3] S R 1 U5e DL 2K 1 P A P 8 A 41
SENNEAN 2 7 O RN ES SN R SRS i IR W S e
WA RS RS G W MO VR TS Y s
ZIR R Polymesoda erosa 5 7E£L W WL Polymesoda
ex pansa VEELA AR X4 PR b B 24 0076 DL IR G
A Trboma . EANTRA RS AT B
Z Gy RS R . DHLER R 35 8 18] R XA E 1
DX 73 P e L g B it - 3 o T 5 R e O I Y Y 3 b A
Wibs i P xt SCCPs #y Wi 17, 1] 82 1 fige 7 76 il X SC-
CPs 38 i FE HIBL ) B 7 2% 22 531

1 MH5RFIE

1.1 RENHRESYIF

I FH £ B 08 Fe 78 21 A 00 SR 4 T T G LA T R
PN B S A 2T R AR X (21933728 NL109°9' 22" E) , 4
IEMAFE 2017 F 108 H 24 K% 58

il

Brown

Py % e BOR 28 3000 5 B3k 1 R /N AR B T
R, e, HER 20 L6 J (31, 21+ 1. 34) g/~
F R (47.343.2) mm,5e 5 (24, 26£2. 8) mm,5% 5
(42.11+2.7) mm; 78 20 B 6F 5 (30, 11+3.06) g/
A~ 58K (49, 345, 6) mm, 79 (25. 062, 3) mm,
70 (40. 81, 9) mm, FEMEHEPYIFE S d. 157 %
JER TR 2 A DU B T8 A B R 4 K 4R e
I /KA A RK 5V B KIR A R &7 /0 g
2 BRIE K L ERE R (151 1) Yo K T4 Ik K 5 bR
#E(GB 11607—1989),
1.2 BhiEALIE

SCCPs(CAS85535-84-8) Il [ 4t 50 17 3% 7 4= W Bk
BARAF AR U212 %, IR 45 %
B SCCPs ¥4 0.5 mg/L.1.0 mg/L.5.0 mg/L.
10. 0 mg/1..20. 0 mg/L 3£ 5 AN e 41,1 A% B2
1A H 3 A (DMSO) ¥ 751 % B2, 45 41 21 B iR
HEARM A 2 DA B AP ARSI 4G
A 16 A0, FEBME A 0 R.1 K.3 K.5 K,.7
KA 15 K, DL SS#EBRIE RS 3 R(R3 DA 15 K
(R15 )43 B BURE , B 41 B R BEALEL 4 A 200 4 A
TE LT AR, B ARG N g A DL () 45 00 AR W b B W AR A
a0 0 ) R R O o8 A K 1 RS B . K
MAEEADL 0.5 L JKit, 48 £F )5t SCCPs, DMSO i i,
24 h AN Ta) T Bl 58 AR, R A2 B0 T A R 4 K HUN
B, ORI L 26~28°C LR (151D Y%,
1.3 &#irEmam

FH T mL — W T S 2% 20 Sl b SOV Ao R ) A e
LI 5 3 AR 0 2 5 50 35 v, T A G AR B Y
R, MDA SR i i B A8 L b 2 R b ik
FE U R AR R b M £ AR AR E] 3% (New-
tral Red Retention Time, NRRT) il :2M) . I ¥ 1
BB EALTE 71 (Total Antioxidant Capacity, T-AOC)

M 58 2 B8 Benziei Al Strain'® (Y5 ¥, ML R E G
SR BCA 3 g,
1.4 HEFESW

TR0 B4 SR AR 224 BT AT S A R
P <<0.05 N AfFAEREMZE R, P <<0.01 K NIETE
W 25, R E TR s 3 TEAS 56 45

2 HERESW

2.1 IR XF SCCPs &Y M 5z
ZIAIR 3 A AE AR R Y A LR BRAL R DMSO 41
TE e K B BE Y B3 22 5% (P =>0.05),
ZEA ML NRRT A2 Ak B 7] 42 - i i) 28 1k 2% 80 1 R
[F] Y Ea#(E 1) . SCCPs Ik ik B B8 41 (0. 5 mg/L.
499



1.0 mg/L)ZEMM 3 F (1 D XFL0 R NRRT 52 31 1
BHIEBFVER P <<0.05), I “F Y
Jop S SRk BE (5.0 mg/L) DL WA 4, 21 B
NRRT i ] [B] % | 52 28 T ks #4( P <<0. 05), K
HE R B (10, 0 mg/1..20. 0 mg/L) B30 2H 7€ ik 38 4]
W1 HONRRT B EFM T XA P <0.01)., £
Wi )5 45 it 4 NRRT 345 R [ 2 3 42 v L fE R fi
PR AZ F) X BRA K- P <<0. 05),

LA ISP EALTE 1 (T-AOC) Zfb #aH K 2
Fizs . FEMERIH (1 D& gl T-AOC {E X F
PR B F R E (P <<0.01), 0.5 mg/L a0 7E

JihiE 5 d i T-AOC PR FF 18 =0 I Wi 55 7
K, T-AOC A .3 TR, HAb M A 2H N HE 2 3 K
i T-AOC HZ W TR, A R15 d B, 2% e 4
T-AOC ¥ g% & 2 %F B4 K- P =>0.05),

27 B M 4% B 38 4 MDA & B Wi 3 BTk, 0.5
mg/L.1.0 mg/L A2 EFH-T - LI L
JiiriE J5 MDA & &2 80 T B B R RE 4K &2 21 X Id 40
K P <<0.05), 5.0 mg/L M UL I JHhia 4 bt 5 5%
BF ) ZE & MDA % & 3% Wi 7+ s X Wi )5 . R3 d B
MDA &8 AR5 . R15 d i MDA S8 82T
Ra e B AR Bk 3 5 X B4 /K - ( P <20, 05).,

180 4 0od Bid B3d Bs5d @a7zd B15d BR3d BRI5d
160 + a
1404 a : i, a
a cfi]a a Matalb
cf:
1207 e IRHET= by
= 1004 [} LB THE o
C 5 HH E .
£ 804 = E
= | B e
“ oo HNEFEY |1 i f
o1 HNEHEN | HE z
204 [ NEEVEN || L E = e
O__-zf. 1 ER ' 1 :‘§§5§\I . . . 4= | &
0 DMSO 0.5 1
e ¥ Concentration(mg/L)
AF/NG PR R 22 5 WE (P <<0.05)
The lowercase letters indicate significant difference (P <C0. 05)
Bl 1 SIA] SCCPs i BE T 21 M0 L 809 it O o PE LD AR FE I E) C e =)
Fig.1 Effects of SCCPs on NRRT in the blood of Polymesoda erosa (n =4)
6+ god Bi1d B3d Bs5d B7d B15d B R3d B RI5d
B 2
& a
on 9] 5
=]
”." ¢ a
= -
£ 4
)
& 3 :
: § | HIE §
> 3 &N g 3 i
< 3 1 g ¥ E
2 N =N g Y g
N =N E Y 5
N =N £ Y g
N =N g Y g
N =N = Y g
N . . £N g N g

0.5

e ¥ Concentration(mg/L)
ARG TR 22 5 . 2% ( P <20. 05)
The lowercase letters indicate significant difference( P <C0. 05)
Bl 2 AR SCCPs e B 200 il A 0 A AL TG T3 (e =0
Fig. 2 Effects of SCCPs on T-AOC in the blood of Polymesoda erosa (n =4)

500

Guangxi Sciences, Vol. 24 No. 5,October 2017



0.10 |

0.08 4

0.06

MDA (nmol - mg'pro)

0.044 a

0.024

0 DMSO 0.5

Ood Bid B3d Asd

B Rri5d

Bis5d

BRr3d

11 e

T STTTTLTTTTTTTTTIS

LSS IS LS LSS TS s

1 S 10 20

# % Concentration(mg/1.)
AFRVNE FREFR R 22 5 W3 (P <<0.05)
The lowercase letters indicate significant difference( P <Z0. 05)
3 R SCCPs e JE F 2L WL ifiL i MDA & 5 (n =4)
Fig. 3 Effects of SCCPs on MDA in the blood of Polymesoda erosa (n =4)

2.2 FELAWWIT SCCPs K ME Bz

TELLIL 3 AR YR i 25 B X BAL A DMSO
MM LR E MBI TR EZER (P >0.05),

ELLRE 45 30 41 NRRT A8k @ # Kl 4 fr
7~ o SCCPs IRV Wrie 2 (0. 5 mg/ L) 7 e 3 (1
DX ELLA I NRRT 23 8 EFSEHNCP <
0.01), T “ B W 24 A3 8407, 22 S Bl 36 B )
FEK ,NRRT ZE W &%, 1.0 mg/L KU E a4,
NRRT M 36 47 19 R 32 7 R A, v oo 458 9k B2 (5. 0
mg/L) W (10, 0 mg/L.20. 0 mg/L) 4H 7F W 38
FIH (1 ONRRT 8 E K F X B4 K P <<0.0D),
EBRIA 5 & 4] NRRT S04 K [F) #8248 5, 1

1801

R B 3 20 (0. 5 mg/L.1. 0 mg/L) fEWK 5 2 %)
FRZH K C P =>0.05),

TE LTI A5 38 20 B BT S AR TR ) (T-AOC) 22 1k
ULIE 5. 2 a4 AE AR (1 D T-AOC AHXF T
WA 2 4R (P <<0. 01), Hoh IRk i (0. 5 mg/L.
1.0 mg/LYH M5 5 KRB ARRE T 55 5 i1 B4t
AALTE S BB S 7 K, Bk T-AOC {HZ 1 F %
B R A (5.0 mg/L) WA 3 Kk T-AOC (5%
W R A I A AR SR 15 KA T-AOC AL+ X R
K CP <<0.05 ., XMrid)s R15 d B, BR 20. 0
mg/L 40, Hofl i 41 1) T-AOC {5 fE 9% & 21 %t
fE 4 K,

BRi15d

SASSAS LIS S SIS

Ood B1d B34 B5d B74 B15d BRr3d
160 a
140
a a
_’g 1204 g 5 i
£ 100+ s “%
& . N N
z - N N
80 |1 N N .
§ § £
60 s N -
11t N & &
40 - § § .g:
1 \ N L E
201 '} BEE ) N I
1 LEE N BN B
DHEPEN [ N g \&E
0 T - - T . T = = T
0 DMSO 0.5 1 5
#e &% Concentration(mg/1.)
AR/NGFRRRZZSF BFECP <0.05)
The lowercase letters indicate significant difference( P <Z0. 05)
Bl 4 K[ SCCPs ¥ B R 18 214 00t 82 25 1 A o PR 2T AR R I ) C e =)
Fig. 4 Effects of SCCPs on NRRT in the blood of Polymesoda expansa (n =4)
JmAE 20174108 F 24 K% 5

501



e -
mﬁg—H

BRrisd

BRr3d

Bis5d

N a0 W W O W
s

VI LLLLSLLSLSLLLLSLL s

5

SILILI IS IS TSI ST,

5
#e & Concentration(mg/1.)

5

ARE/NEFRFRRZFBECP <0.05)

The lowercase letters indicate significant difference( P <C0. 05)

6 004 814 B34 Bsd
T‘g 57
£
g 44
3 § EN
3 \ 2\
< 2 \ =\
g \ =\
\ -
1 \ 2\
N | |
\
LLLEEPEN EN
0
5
Fig. 5

FELRMLA W38 2 MDA &R & 6 s iRk
FEEMMALH (0.5 mg/L.1.0 mg/L) B2 E F Wi
P, H 0.5 mg/L HTEMAY 3 RIS MDA & &4/
PREE T BARI A s 5138 5 . MDA % 538 W7 T K
0.5 mg/L 4 BEYK & 2 X BRAL K F-C P >>0.05), 5.0
1d B3d Bs5d

0.12{ Bod

0.104
0.084
0.06

0.04+

MDA (nmol - mg™ pro)

0.024

0.5
e ¥ Concentration(mg/L)
AEVNE TR ROR 28 5 B3 (P <C0.05)

The lowercase letters indicate significant difference( P <C0. 05)

& 6
Fig. 6

3 it

VoS TG A2 A0 B P P T AR R B AR R RS R
WV AR 2R 8 XA 2 45 G 0y v Rk T R il A
XoF RS 15 Y Wy 1) 0L 28 Sk T K A 2R P 40 L ) g AR
AT ARHEIE T, SCCPs IR e BE 3 4 (0. 5 mg/L,
1.0 mg/L)fE a4 (1 DXL NRRT £ 3L
BIEBESER 0.5 mg/L Wrid 4 X} 78 20 f4 W 5 1F
P AE R XA B4 77 A 1 I IR PT e A S BT e

502

B7d

AR SCCPs e B 78 £1 4 W i 9 S bt B ARk S (e =
Effects of SCCPs on T-AOC in the blood of Polymesoda ex pansa (n =4)

mg/L K UL b ke 21 A3 7 30 (1 ) MDA & & B
i E R (P <<0.01) , If Bl 5% 5 B[] ZE K MDA 7% &
BT s 20 5 . R3 d I MDA & & A47 is A 2
. R15 d B MDA & & 2 T RS E0 R %S
TXF 2 K- P <<0. 05)

B1s54d

BR3d B Ri5d

AL LSS LSS LSS S S S 4

Vrrrrzz777 Mo

ANTF] SCCPs #e B T E LR LMK MDA &8 (n =4)
Effects of SCCPs on MDA in the blood of Polymesoda expansa (n =4)

WAE I RN Z A Y B M s e, )
A 5T 2 B XCSE ST b R 40 X 35 e W 6 R 28 R e
R 7K Tl 5 VRS R B TS o A L BRI Tl AR R
FRE T T B i A RS O A A k) ot it 4
JHLXT V5 Yl Wy 1) 7 255 R R A A7 E A R . A R
DL E T ae 2 20 A 5 5B 20 B NRRT 2y i fisf (8] 28

KRBT G
SCCPs fEA Wik A Sz b B rh &= AR K
035 7 4 (Reactive Oxygen Species, ROS) , % 46
Guangxi Sciences, Vol. 24 No. 5,October 2017



TR X EY IR = R . BB R TE ) 2 LA
LGB A A ZR S0 AR i 02 2R 45 D) AR AL fAOIR 0 1 &5
HEM R IR, B o 2r A I TE 2T B A I e
SCCPs i i — 2 i 191 P B X HLAARTE 1A R0k s
Hh | A B B 0 R ) SE L T-AOC B 35 F %,
FKWHAZ R T SCCPs i F . MARTELAM MR K T
-AOC HAR T LRI HE LT T-AOC 8 B 2 -
I ] 725 b o8 A o B e 12, %o T 36 B A IR Bt ) S A L
FAEAR T B B B O B . MDA & B it o & 1k
(R 77 40 %k 4 JEE A AR i %) 1 IR S R e T
BUA N A H 3 28 KOt B B 52 i #2 . Bebian-
no 2L R S MDA J2 Bt S04k B A ML BE 72 2K 1
g, ALK MDA & &4k S T-AOC fH78 kL 2
TUAH G, A2 I MR 45 1 9 i 3 1 (3 D 7 b e
MDA & it I T A 2818 3% B A4 W) 14 2 B bt S Ak &
SR ST G e T (17 95 I B I RY St DA RN =87 93 I B )
41 MDA &% BT, B E THi e b R ol 5
TR, S BRI P SR T B R, DT i T
R RE i A AL AE .

4 Hit

SRR 5 2B LT A X SCCPs i 38 13 25 Bl ) 4 -
B[] A8 fb B A HAE L, FEARHR B SCCPs /K ik in
IS N LB RSN ey PUE AR QAN N LA o U
FE PN Ay WY fb s PR R X sk E SCCPs 36 i) i
e NS O W G D G B R O 66 /1 L

SE k-

(1] EWHE, 200, VL HR. e R EE A A 3 A A

BLV5 e ity — Se i se i R [T, i B B2 (k%) 5 2010,
40(2):99-123.
WANG Y W,CAI Y Q,JIANG G B. Research processes
of persistent organic pollutants (POPs) newly listed and
candidate POPs in Stockholm Convention[]]. Scientia
Sinica Chimica,2010,40(2):99-123.

[2] European Community. COMMISSION REGULATION
(EU) 2015/2030 of 13 November 2015 amending Regu-
lation (EC) No 850/2004 of the European Parliament
and of the Council onpersistent organic pollutants as re-
gards Annex I[R]. European Community,2015.

[3] 37, Mk, ki 22, 45, 50 0% G010 A s B % 3% [ &1k
A B g e ], B T2, 2013.33(1) . 17-21.

WU P,HE W,ZHANG H J,et al. Influence of restricted
utilization of short-chain chlorinated paraffins on the
chlorinated paraffin industry in China [ ] ]. Modern
Chemical Industry,2013,33(1):17-21.
C4] Wi, 08, £ BE, 55, 065 &0 4 B 1E & M i 7 35
JEAE 2017510 A F 24 BF 5

(5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

M XA 2 A LT ). PRBE A2 . 2014.33(6) :873-879.
CHEN R,WANG Y W,WANG P.et al. Spatial distri-
bution of short chain chlorinated paraffins in soils from
Taizhou,an e-waste dismantling area[ J]. Environmental
Chemistry.2014,33(6) :873-879.
BUCHER ] R,ALISON R H,MONTGOMERY C A, et
al. Comparative toxicity and carcinogenicity of two chlo-
rinated paraffins in F344/N rats and B6C3F1 mice[ ] ].
Fundamental and Applied Toxicology, 1987,9(3) :454-
468.
SERRONE D M,BIRTLEY R D N,WEIGAND W,et
al. Toxicologyof chlorinated paraffins [ J]. Food and
Chemical Toxicology,1987,25(7):553-562.
UNEP, POPs Review Committee. Consideration of draft
risk profiles: Short-chained chlorinated paraffins (UN-
EP/POPS /POPRC. 4 /10) [R]. Geneva: UNEP,2008.
FIRSK A T,TOMY G T,MUIR D C G. Toxicity of,and
polychlorinated alkanes to Japanese medaka (Oryzias
latipes) embryos [ J]. Environmental Toxicology and
Chemistry,1999,18(12) :2894-2902.
XA, By 7 5L, 0 W, 55 AR AL A C10(50. 2%
COXFBE L 1 1R i 19 & B 3 LT ). WA R I Tl R 2% 2
#%2,2016,48(8):127-130,140.
LIUL H,MA W L,LIU L Y,et al. Study on develop-
mental toxicity of short-chain chlorinated paraffins C10
(50.2% CD in zebrafish embryos[J]. Journal of Harbin
Institute of Technology,2016,48(8):127-130,140.
AR EIA . B AL A AR 7R T A B v 1 A3 A R aT
B EeALBE LD, 75 & « vh B R, 2013,
LI H J. The distribution and migration of short chain-
chlorinated paraffins in the offshore regions of East
China Sea[ D]. Qingdao: Ocean University of China,
2013.
THOMPSON R,MADELEY J. The acute and chronic
toxicity of a chlorinated paraffin to themysid shrimp
(Mysidopsisbahia) [ R]. Brixham Report BL/B/2373.
Devon, UK : Imperial Chemical Industries PL.C,1983.
BROWN D, THOMPSON R S. Phthalates and the aqu-
atic environment: Part [[ The bioconcentration and dep-
uration of di-2-ethyl-hexyl phthalate (DEHP) and di-
isodecyl phthalate (DIDP) in mussels (mytilus-edulis)
[J]. Chemosphere,1982,11(4) :427-435.
JAWERB . AR AN AR B, AL )T T L0 LAY o3 A 4R AR
SN AL IR, 2014,21(2) £ 147-152.
ZHOU H L,ZHANG J J,XING Y Z,et al. Character-
istics of distribution and the influential factors of man-
grove clam, Polymesoda erosa (Solander 1786), in
Guangxil ] ]. Guangxi Sciences,2014,21(2):147-152.
(F#% 515 ® Continue on page 515)

503



(22]

[23]

[24]

[25]

[J]. Marine Environmental Science,2011,30(1):131-
134.

CHEN C P,CHEN R F,CHEN P H,et al. Intermedi-
ate culture of juvenile horseshoe crab (Tachypleus

tridentatus) mixed with juvenile spotted Babylon
(Babylonia areolata) for restocking horseshoe crab
populations[ J]. AACL Bioflux,2016,9(3) :623-626.
W3 I, B BT L A VI Y R R G A RO
At 5 e B LC D/ /vt e 1 2 v b 3 B IR B 1 2308
AR BAEEE 2014,

CHEN C P,HSIEH H L,HUANG D S,et al. A review
of artificial breeding and releasing programs of the hor-
seshoe crab Tachypleus tridentatus at the two sites
across the Taiwan Straits[ C]//Proceedings of Cross-
Strait Workshop on the Artificial Breeding and Relea-
sing of Fishery. Taipei, Taiwan, 2014,

HSIEH H L.CHEN C P. (Pending for review and
publication) current status of Tachypleus tridentatus
in Taiwan for Red List Assessment [ M ]//CAR-
MICHAEL R,BOTTON M,SHIN P S,CHEUNG S G
(eds. ). Changing global perspectives on biology., con-
servation, and management of horseshoe crabs. New-
york:Springer,2015.

JACKSON N L,NORDSTROM K F. Strategies to con-

[26]

[27]

(28]

serve and enhance sandy barrier habitat for horseshoe
crabs (Limulus polyphemus) on developed shorelines
in Delaware Bay, United States[ M]//TANACREDI ]
T.BOTTON M L,SMITH D R (eds.). Biology and
conservation of horseshoe crabs. New York: Springer,
20009.

HSIEH H L,CHEN C P. Conservation program for
the Asian horseshoe crab Tachypleus tridentatus in
Taiwan: Characterizing the microhabitat of nursery
grounds and restoring spawning grounds M]// TAN-
ACREDI ] T,BOTTON M L,SMITH D R (eds. ). Bi-
ology and conservation of horseshoe crabs. New York:
Springer,2009.

LIN W Y.CHEN C P,SHIN P. Collaborative conser-
vation for horseshoe crabs[J]. Oryx,2014,48(4) :482-
483.

FORWARD R B JR, TANKERSLEY R A,RITTSC-
HOF D. Cues for metamorphosis of brachyuran crabs:
An overview [ ] ]. American Zoologist, 2001, 41 (5):
1108-1122.

R R EZ)

(E#% 503 ® Continue from page 503)

[14]

[15]

[16]

[17]

[18]

A EEM . 5 fh, B b, A S (ML i

I ll K 2 s B 2004 :106-108,113-115.
HAO Z B,CANG J.XU Z. Plant physiology experiment
[M]. Harbin: Harbin Institute of Technology Press,
2004:106-108,113-115.

FERNLEY P W,MOORE M N,LOWE D M,et al. Im-

AR B I R

pact of the sea Empress oil spill on lysosomal stability
[J]. Marine Environmental Re-
search,2000,50(1/2/3/4/5) :451-455.

BENZIEI F F,STRAIN ] J. The ferric reducing ability
: The
FRAP assay [J]. Analytical Biochemistry. 1996, 239
(1):70-76.

SMITH P K,KROHN R I, HERMANSON G T,et al.

in mussel blood cells

of plasma as a measure of “antioxidant power”

Measurement of protein using bicinchoninicacid[ J]. An-
alytical Biochemistry,1985,150(1) :76-85.

STEBBING A R D. Hormesis-the stimulation of grow-
th by low levels of inhibitiors[ J]. Science of Total Envi-
ronment, 1982,22(1) :213-234.

[19] HAVELAAR A C,DE GAST I L,SNIJDERS S,et al.
Characterization of a heavy metal ion transporter in the
lysosomal membrane[J]. FEBS Letters,1998,436(2):

JEAE 2017510 A F 24 BF 5

[20]

[21]

[22]

[23]

223-227.

MOORE M N,ALLEN J L,MCVEIGH A,et al. Lyso-
somal and autophagic reactions as predictive indicators
of environmental impact in aquatic animals[ J]. Autoph-
agy,2006,2(3):217-220.

LOWE D M,.MOORE M N.,CLARKE K R. Effects of
oil on digestive cells in mussels: Quantitative alterations
in cellular and lysosomal structure[ J]. Aquatic Toxicol-
ogy,1981,1(3/4):213-226.

MOORE M N,CLARKE K R. Use of microstereology
and quantitative cytochemistry to determine the effects
of crude oil-derived aromatic hydrocarbons on lysosom-
al structure and function in a marine bivalve mollusk,
Mytilus edulis [ J]. Histochemical Journal, 1982, 14
(5):713-718.

BEBIANNO M J,SERAFIM A,CAMUS L,et al. An-
tioxidant  systems and lipid peroxidation in
Bathymodiolu sazoricus from Mid- Atlantic Ridge hy-
drothermal vent fields[J]. Aquatic Toxicology,2005,75

(4):354-373.

(BT - Bl D
515



