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BE R HLIRA DA B TR R R0 KR AL Xl ( Tegillarca granosa) & H: 428 Cd Cu FIFEIH, 7E
HEEJE Cd M Cu BHEEST 5128 0.5mg/L # lmg/L MK 525 96h J5 , JE XS T 48 Cd . Cu AR 42 RE 11 L B LA ALEE .
(1) SRR RN, 1R LA 3 B A PR R 4R A FR B 42 8 Cd ., Cu A& 4330 60.43438.598 /g 1 30. 914 .21.617pe/
g3 (2) B AR R A A AT R T 5, B2 67 7 RIS VRIH AR AT E 48 Cd Al Cu 1 & 14 3135 118.293ng/g 1 315.328pe/g; (3) 57K
B IE e, KR 15°C 415 30°C 4 /) e MF 4R 3 v B 4 J8 Cd ., Cu 19 % & 43 il O 44.524 33, 805pg/g A 125.859
576. 504pg/g; (4) SHFKAER U L, 318 10 2H 0L 1 30 4L PRI AR P B 48 Cd., Cu A9 & 843 3 M 69.958 .32.226
pe/ gl 10.191,12.564 g/, (5) VRBHXTE 48 Cd ., Cu RYMR IR & S DUAME BN e, 43 03k 131.433,289.432pe/ ¢ (4] 72 L
A%, 51k 34. 812 .47.759ug/ g, FEAJE Cd I Cu ZEARIHLZRE P& R0500 SN ERS WIS EE> 2 > 52 IR SN E > 48 >
S 12> P FE L,

KRR AT s RS SR VRl s s 5

Effects of age and environmental conditions on accumulation of heavy-metals Cd
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Abstract; The effects of various animal ages, somatic tissues, exposure times, seawater temperatures, and salinities on the
accumulation of heavy metals, cadmium and copper, in Tegillarca granosa were investigated in the present study. When
exposed to 0.5 mg/L. cadmium and 1mg/L copper respectively, the accumulations of cadmium and copper in T. granosa
were significantly influenced by the age of tested animal and environmental conditions. (1) The accumulations of cadmium
and copper in somatic tissues were shown to be negatively related to the age of T. granosa. The elder T. granosa ( three-
years old) accumulated significant less heavy metal than the younger ones (one-year old). (2) During a seven days’ heavy
metal exposure, the cadmium and copper accumulated in somatic tissues of T. granosa increased with the exposure time
increased, and reached 118.293wg/g and 315.328wg/g for cadmium and copper, respectively. (3) The accumulations of
cadmium and copper in T. granosa were positively correlated to the water temperature. The concentrations of heavy metals in

somatic tissues of T. granosa reached 125.859ng/g and 576.504 g/ g for cadmium and copper respectively in the highest
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temperature (30 “C ) experimental trials, which were significant greater than 44.524 g/ ¢ cadmium and 33.805ug/g copper
accumulated in the lowest temperature (15°C) trials. (4) The accumulations of cadmium and copper in 7. granosa were
negatively affected by increased salinity. In the 10 %o salinity experimental trials, 69.958g/g cadmium and 32.226pg/g
copper were accumulated in T. granosa, which were significantly greater than 10.191pg/g cadmium and 12.564pg/g
copper accumulated in the 30 %o salinity trials. (5) After 96 hours’ heavy metal exposure, there were significant heavy
metal content differences in various tissues. Cadmium and copper are mainly accumulated in the mantle of T. granosa and
the concentrations reached 131.433pg/g and 289. 432pg/g for cadmium and copper, respectively. Least cadmium
(34.812pg/g) and copper (47.759ug/g) were accumulated in the adductor muscles. In general, the heavy metal
accumulated in various tissues following decreasing order as mantle > viscera > gill > foot > adductor muscle for cadmium

and mantle > gill > viscera > foot > adductor muscle for copper, respectively.

Key Words: age ;environmental conditions ; Tegillarca granosa ;Cd ; Cu;accumulation

VeI ( Tegillarca granosa) ,(AEFRACHT ML RS JEXFEIE,H UL B BEVE SRSV I #GHE AT 3T
VI, TR L AR 5 AR T X A 40 R TR L AR VLR VL AR )P R FE R IR —,
BRI T B B H T IR & S R GAFAEGR G, % 8 48 AR S S 5225 s WA e g 15 2 |
SEERNE SR SRR Wk IR X E AR B TR E S RGEA TR R AR R
I 4 JE SRR R L R —, NREHZES RGN RSl R R R hEEmg ™,

KT NREEEL RN IGEC A AD W2 R E 48 & R0 T2 N a8 [ B4 w7k
AR (HHELRHLEE R 203 2T AR SCLATR VIR I — 7 A 2 R DL S PR R B A X 42
TRV T AR  FRER I IA] KR AR BE X Rl = S H 4R Cd . Cu BIFE I, LAY R #F 5T D126 & 4 4 e HL R 2 3L
22 | TRV At A AT VS B A o R 6, 4TI A R0 7 36 H 25 7™ T A9 T 1 T 4 S Vs e SR R Stk L
1 MMBEFE®
1.1 SRy S8R

SRS AP RIE T 2011 A 11 7 B WL AR TN T SR T TR VLR X, A A A F AR R ORI R
SEUEA TN RNRR R, T E S L 1,

R1 ZHREMEHGENZHREVUEER
Table 1 Biological date of the experimental Tegillarca granosa ( Mean+SD, n=10)

FLgG A ek FE9E T AMANETE
Experiment group Shell length/mm Shell width/mm Shell height/mm Wet weight/g

1% 1 16.11+0.66 11.01+£0.77 12.58+0.50 1.69+0.23

2% 22.03+1.18 14.76+0.62 17.07+0.83 4.12+0.54

3 27.63+1.68 18.52+0.82 21.29+1.08 7.74£1.04

SEU A B AR T K B E W VLA RN T AR VS X, 2 PLTE AP DR RS . R EE 25—27, pH A
8.03—8.28 JKilit (17.47+1.82)°C, M BIR 4 BF 8T 50 B SRR AR AT & (Ul K BidR ) (GB11607—
89)

ZPI A e R VR IS4 FEIR Ve 3R TH E W 5 BOAKIRAR B 95 . B IR I RS [R) By 78 <, B K Ak
172, 3 /K S5 B i 38 ( Platymonas subcordiformis ) TR, % B Sx10* 4/ mL, Jd N ATE R 77 1 JH 5 (L2 56
(WS
1.2 Cd* Fi Cu® BRI 5 590 0t

o1 5 o e 8 S AL ( CACLy 2.5H,0) AT AU ( CuSO, SH,0) 5 25 B /K B 5 e 2 4 10mg/ L.
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() Cd™ Al Cu™ B4

I 2 5 i ) S0 FH R 20 A0, LAY SCBG Hf FH YR 10 4>, K seIG TR R A 6L R | 1 BN A
AR 31, T A C i 4 9 B 4 a1 8 9 1 3 ool AR B b v ) FP R Ry T 4 J PR (LAY 100 A%, B4 ) R
0. 5mg/L [ CA** Fl 1mg/L B9 Cu™ , SEEIMESE U, AN, RER 24h 45 A &8 AH Rk B2 T 4 T8 1o ek it
KA SR B 3 AN TAT, S [R] b 2 R I [R] SE AR A 2 7d Ah, HoE N 96h, £ SE R A 1 HAR DT 5
B,

AERRSENG RE 1R 2 W 3 i 3 NMER R

LG E LY YIFH 2 WA ST oS 4 B E e AN N AT FE WL B4 8 Cd A Cu
SR

FFERTRISEES  BIH 2 #R A0 1.2.3 4d F17d JE U,

KRS B4 MREERREE, 73900 15,2025 .30°C . S 2 @&t SCgppe Je it gh AT 1 F iR R 91k
il FH A IR FE AN R K

SR S ANEREEREE 40 10.15.20.25 .30, ¥ 2 @, SIS TRt T 1 A A ER EETIAE
AN 6 B 0 S B0 IR KO [ SRR S R K RIRE K b i
1.3 Huke S5

MRS B, B R I E] S22 9T 1.2.3 . 4d F1 7d S BEALIER 3 AN JR iR b oh , Ho e H 78 S ae 45 ol
Je BEALAE 3 AN TR IIRE St | BR 20 2188 B SC IR BUHG A 02 o1, LB SO0 S4 U i ) A RO, B A 7E 80°C
HEFE L B E TR H S KRR SRS B , S B A S IR

A3 FREL 0.2g 2247 (AR i AR Bl 2 4L B RE i RN B DL AR VE) BT (GBW 10024 ) , 7 80°C HEAfH it 2=
LR NGRSO IS T R TR T S o3 Y6 T ( AA240FS/GFA , Valian ) 72 # 5 v (1) 5 42
J& Cd Cu i, A3 bk B rb 0 FH R DL AR 4 S e IR AC o3 W ) S Bl 75 TR %6 R 90.36%—108.25% )
1.4 Hdabi

SEEEAE R SPSS St (WA :19.0) #EA TR 2R T 22738 (ANOVA) | 8 - P<0.05 h 227 3 P<
0.01 RSB, BIRGIT45 AT Y H AR ME 25 (MeanzSD)
2 ZERE55WH
2.1 A[FAES e s EE AR Cd . Cu UHE

B 1 R ARRAFE IS VR AL & 4 48 Cd il Cu AOSEBR g R, ol I, RIS 48 Cd F Cu B SEREN S
AEWS IR /INIUR L, S8 96h J 1 W82 AN 3 IR Al AR h 48 Cd |\ Cu 1Y & 53310 60.434 38. 598 g/ g Fil
30.914 21.617pg/g. J7 25 HT (ANOVA) KB, 1 Ml x 4 )8 Cd . Cu & /e B & & T HEFRA
(P<0.05) , FAFRYAL R PR Rl A 4 8 Cd A Ar e i B P22 5% (P<0.05) ;2 W1 3 W& YR i A f s v
ME AR Cu & EEA B EEES (P>0.05) , HAR AR A #4251 22 5 (P<0.05) .
2.2 PRHMPARIHLEE &L ES)E Cd . Cu BYHE

PHIAFHASNE EHEESE Cd . Cu BWEEIREE R ILE 2, 5250 96h J5 , UL B hHE 48 Cd il Cu 1Y
BT 3 R« AN RS P IE S B> 2 > P 5 LR IR B3> 65 > P E > 2 > 52 L, EAJE Cd fil Cu & =7
5 FHALUT ISMES BRSSP 3135 131,433 2804320/ FIFE LR AR, 429014 34.812 47.750pg/g, 7250047
(ANOVA) £H.5 FhA14ih B4 JE Cd &AL A7 NIRE Z B3 22 S84 A B2 (P>0.05) , e
A Z )22 % 3 (P<0.05) s A8 Cu & REAEANE BRORGE | PN R | 2 R 72 L2 0] A9 22 SR i 3
(P>0.05) , Hax & A 4] 22 54 o 2% (P<0.05)
2.3 FEEEARITRIE £ ES)E Cd, Ca BT

SCERAE IR (R 2) I E AR Cd M Cu WY H 4R PR ER I A Y e BT, B8R 7d FEE &S Cd
FICu i) & 1 35 118.293 e/ g F1315.328 g/ g X e B 7 5 4 J& Cd A Cu P4 5% Hh 5 58 N [] HsF ] ) 52 36 45
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@2 ZE 1 0CdBCu @% zzg I A 0CumCd
2l : Sisop L
wWE O =2 250 |
1 g A &
£3 401 er 415 200 -
I = B c B I g 150 1 . B
ﬁg 2l % ﬁ&ﬁ 7 b b BC
EE 2 T 2100 - .
3 3 e - c c
=5 10| 2 50 { :
[/ E . | ﬁ £ .
1 2 3 shesmE M 213 2 b L
AEHE Age ZH 4 Tissues
E1 AEFEHRHEHEEESE Cd.Cu H1ER B2 RHARALAFEEEELRE Cd.CuIER

Fig.1 Accumulation of Cd, Cu in somatic tissues of Tegillarca Fig.2  Accumulation of Cd, Cu in various tissues of

granosa at different ages Tegillarca granosa

FRAT AR IR 7 A B 18 7 7 8 M 2 52 (P<0.05) A AN ) R R B I A7 3 22 57 (P<0.05)

ZH IR R N [R) 2 57 I 0] i SE IR 2 Je i AR A s AR 4 8 Cd  Cu & 22 Rk i 2 (P<0.05) . YRl 4k
P 48 Cd & &, R EE ] 2d A1 3d B 22 R EAR B3 (P>0.05) 4l in) 22 Bk 3 (P<
0.05) ; YRR E 48 Cu A, ZEERIH] 1d 12 .2d F1 3d =2 JAl A9 25 PR A W35 (P>0.05) , g 4 1]
25 5 B3 (P<0.05) . B RIASHrEs LW (E 3) , RIHANE 4R Cd Al Cu & &5 Z R iR 22 5]
BB EMIEAHEER (P<0.01) , HEL AR08 .y, =47.060-25.46 (R* =0.987) Fl y, = 13. 541+27.74
(R*= 0.941) , =0 y SHURHIHA Cd & i (ng/g THE) v, HIRHIMAN Cu & & (pe/g TH) ¢ HZREEHE],

®2 FBEHENEHEEEELE Cd.Cu ¥

Table 2 Effects of exposure times on the accumulation of heavy metals (Cd and Cu) in somatic tissues of Tegillarca granosa

FFE I} 1A] Exposure time/d Cd it Cd content/ ( ng/g) Cu &1 Cu content /(ng/g )
1 30.737+5.945¢ 33.872+0.608¢
2 64.085+3.664° 73.526+2.748
3 69.028+3.891° 97.401+25.900°
4 87.093+4.286" 162.062+37.099"
7 118.293+14.174° 315.328+48.211°

RIFEE E AR TR, R g 0] 22 Ftk .38 (P<0.05)

2.4 JKIEXFURHIE L EASE Cd Cu HI5EMH

FHSAER (3R 3) on  JeMit T B 48 Cd A1 Cu 1Y 4E AR 1 BE /K IR T s T B A, S G 96 /N R, KR
15°C 5K 30°C A IR AT H E 48 Cd,Cu B E0 510 44.524 /¢ 33.805ng/g Ml 125.859 e/ ¢
576.504png/g. J7 25500 (ANOVA) W] AKX Je dif A3 a L 4@ Cd A1 Cu HA M i 25 1Y 52 (P <
0.01) , JeRIRAARES H E 48 Cd F Cu A9 SEAEAS [R) IR B2 S0 20 (W) 3 25 5 W 25 (P<0.05) . ELZRRIA 43 Hr4h
T (E4) RUEHANESE Cd A Cu 1Y & 85 2 E KRB 2 (8] 5 B35 W IEAH K R (P<0.05) , HE 2k 0

®3 KEXNEHEEEEE Cd.Cu HIFIY

Table 3 Effects of seawater temperature on the accumulation of heavy metals (Cd and Cu) in somatic tissues of Tegillarca granosa

R Temperature/ °C Cd # it Cd content/ ( ng/g) Cu # it Cu content/ ( ng/g)
15 44.524+2.823¢ 33.805+3.685¢
20 82.774+4.474° 127.075+24.474°
25 101.222+10.225" 433.002+87.546"
30 125.859+7.488" 576.504+10.450°

[REIFVEE bR TR, R 40 0] 25 Ttk .3 (P<0.05)

http ; //www.ecologica.cn
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R B v, =5.254x+29.64(R* = 0.977) Fl y, =38.65x-577.2( R*=0.960) , 2.y, MIRHIMAN Cd &
(pe/g TH) ,y, MIREHAN Cu &8 (pe/g TH) 2 HKHE,

350

-

(=3

(=]
1

a Cd y2=138.65x = 577.2

= Cu 1= 47.601 - 25.46
= Cu R2=0.960

300 aCd R>=0.987

[=2)
(=3
(=]

250

W

(=3

(=]
T

200

o

=3

S
T

w

(=3

(=]
T

150

yi=5.254x ~ 29.64
R*=0.977

=]

(=3

(=]
T

100

HAPTEERE R/ (ng/g)

Heavy metals in somatic tissues

yo=13.54t +27.74
R?*=10.941

MY EEB AR/ (ug/g)
Heavy metals in somatic tissues
=
(=)

50

3 4 5 6 7 8 10 15 20 25 30 35
B 7R Exposure time/d R

Exposure Temperature/°C

0 1 2

M3 REAKNESR Cd A Co SRS RER E 2 E M
s 4 REHENESIE Cd A Cu AR SR MEHEY

Fig.3 Correlation between the heavy metals ( Cd and Cu) in Fig.4 Correlation between the heavy metals ( Cd and Cu) in

somatic tissues of Tegillarca granosa and the exposure times somatic tissues of Tegillarca granosa and the water temperature

2.5 EREEXTRIE £ E 4R Cd. Cu MM

SHSEE R (F2 4) R AT E AR Cd A Cu 1Y SERE ) BV K ER I THE I T B, 780K P B4R Cd
I Cu YREE53 20 0.5mg/L Fl 1.0mg/L (YS50F T, SE T ] 96h f& , #hEE 10 ZHANERE 30 2H e it i v i 4
J& Cd Cu B85350 69.958 32.226pg/g F1 10.191 ,12.564ng/g. J57 25501 (ANOVA ) B | £h B X e it 4
RIS E 4R Cd Al Cu Y& R AW B E R (P<0.01) , Ah L a PR AR = 4R Cd & BA71E
WEXER(P<0.05);15.20 125 thEA R ELJE Cu FTRES AL E (P>0.05) , KA L4 m) 2 50 8 %
(P<0.05) , HZIFEMPrEEREW(ES) , RHMANE SR Cd Al Cu 195 it 5K iR B 2 () 2 52 19 A
KKF(P<0.05) , HiE LT X5 M.y, =-2.860-96.2 (R*=0.986) Fll y, = —0.848x+39. 14 (R =
0.920) ,xCH y, ATREHAN Cd Fit (pe/g TH) ,y, MTREHAN Co & (pg/g TH) ,x HERE,

x4 RENRMEEELE Cd.Cu HFIT

Table 4 Effects of salinity on the accumulation of heavy metals (Cd and Cu) in somatic tissues of Tegillarca granosa

FhE Salinity Cd &g Cd content/ ( pg/g) Cu &g Cu content/ ( png/g)
10 69.958+6.736° 32.226+4.259*
15 49.264+4.716" 23.633+2.155"
20 40.159+2.672° 22.728+2.518"
25 26.166+3.076" 19.969+1.601"
30 10.191+3.213¢ 12.564+2.196°

RIFVEME B R , FoR g8 25 5 8.3 (P<0.05)

3 it
3.1 AR DI RA Y E A E AR 1S AT

ASLG 25 LR WX H 42 8 Cd |, Cu (195 H2 8 7 BEAF R I R R, 2SR RLAT WL T B B 58
W, W R EHE KB (Scapharca subcrenata ) W4 /N HL AR IS K A X 42 B Hg A 509 A0 & 4 AE
Dewolf' "/ BIF97 22 B SR A T[] — Ml 15 A9 286 D0 ( Miytilus edulis) , /N O RAME & A B B E 48
Hg; Boyden' " thif 18 T 05 AR N E 48 Ph . Cu. Zn Fl Fe WU REAEIA (3G TN /D, ] WL, DU 2K A ik
FAE IS 5 AR N 4 )R & i 2 ] 2 SO DGR B IS . X AT e 2 B TR IR /Ny DU AE b Tt
AR B B, OB BRI A RE T DR LA o) T 4 e A ) A
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32 VIEAFHL G E S HEESmEES T

YA RIHLET B X T4 JE Cd il Cu 1Y & A hE
T AR 2R, # T B S Gl TR E 4
J& Cd .Cu Pb Ni 1 Cr (& £ 68 J1 K/ MUK H
8> HNE RS A FE LS N IES IILIA, 285 7 25 diGE T
H4JE Zn Pb 1EIEFR MG ( Ruditapes philippinarum ) 2
T B 1 s R R BRI Sy« S BRARER . A SZ I 1
FRIELE A B T4 A Cu 1 AR5 P
SR AR S P > 68> 2 > P 52 LR AR 42 158 > 6> P ¥ Salinity/ %,
>E>lﬂ’%ﬂﬂo Tﬂzﬂéﬁﬁ E/‘J ﬂ?@ﬂ't}ﬁfﬁ‘%‘; '4:' . @E’»*ﬂﬁl‘éﬂ% 5 REMEKNESE CAI Cu S ESHEY Mt
SRR AN FARAR A W By e e il R OE R BN VI HIES  Figs  Correlation between the heavy metals (Cd and Cu) in
B KRR RS T 4 JE A S 9 U, N4 #] somatic tissues of Tegillarca granosa and the salinity
RES A B A A R & i . NI Dy U8 it iy e 2 Ak
MESE , WRCN E SR SR F 2, P, JEMEA [RI 2 288 B X ] — b 8 453 @ SO [R] b 8 453 19 2 L
HlARA T RESE AR 1
3.3 FRERISIADGS DL 2w A T A 1

ARSI 2E TR W PR AR N EE 428 Cd | Cu 5 F il 22 58 ESF 100 S0 K1 96, 5 2 w8 22 7 B ol i A A
HEH S E0 25 RARARRL, BRIEXS Cu Pb (Ni Cr F1 Cd #47 — & AR 4ERE ), ' e BN 9] ) S R T8, P L
XFE RN BN ) e B H 4 Ja A A L[] R e e 2 508 7 B4 J ¥ Y Y K PR v A7 I R A i ) ] o AN D 3
EEA)E, M ER R FRRE
3.4 KRS DL E 4 T A R 1Y

1 Tk A= S ANRE IR 3 B B AR, PREE IR EE (Y UK i 2 e H A BTG 3, JC HRAUAR R ST 30,
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