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Abstract : The toxicities of Pb and Cd in fresh water sediment and overlying water were evaluated using Corbicula
fluminea as test organisms. The toxicity endpoints were survival and respiratory inhibition rate. The objectives of
this research were to investigate the toxic effects of the two heavy metals on benthic organisms and the effects of
acid volatile sulfide (AVS) and simultaneously extracted metals (SEM). The results indicated that Pb/Cd displayed
weak lethal toxicity to Corbicula fluminea with mortality less than 20% even exposed at 400 and 100 mg - kg™ for
21 d. The values of EC,, of respiratory inhibition rate of Pb and Cd in the 14 d tests were 519 and 151 mg - kg™,
respectively. The contribution of overlying water to the total toxicity was negligible due to the low metal concentra-
tions in the overlying water. A good correlation between the toxic effects of Pb and Cd on benthic organisms and
SEM/AVS was observed. When SEM,,,/AVS>1 and SEM_,/AVS>0.6, the two metals displayed obvious toxicities
to Corbicula fluminea.
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FREA R BAFPG AW TR B U PP A K
P4 E T 3R Po X A A= 1 A BN, AT
5T R TR M K PR 2R = DU T 43 T 175 e e B o
)%k Zn > Cd > Cr > Ni >Pb~Cu>Mn=~As, AbF
Tl G RS HETCT KM E 4R
XA A e R SN, FC AR P v & 4 Ja o3 A SRS
WP BB 2 A R h E G B # k5
A RER I T A D S AET LR B %y
ZARAIIFE T KIR-DIRLAER R Cd i,
TN P A ARSI AE T2 | I R 4T 40 B A3 S 4
ZEL TR Cd BYEEPER

TR Corbicula fluminea)si J& T 3K sh¥ 1]
e, EMEAR E WURE, R )z oA TR E
FilizKIk e HA REsS L, B TIREZ
BCURAVIIAT A S 7K 3, B AR R iy e |
B RIS A R — PR B, DK (i
AP (CnekRe Skig JRAEShY) FERAE) SRR, WA
BTG YA B I R SRR T RE A I WK AR T Z R
V5 YT YRR, R N 2 — P BE S N K AR EE
GRG0 AR AR ™ T K AR o 4
J& A WG G A W W R R = 4R EH, LIAE
5T 2 TR AME S BRI | Ik A — 2 T
IKAA TG e iy i B AR AR PR A SR A
(X T 2 TR W v B 4 S X Jn] B 1% 25 PR 0T 5 34

PRIHASBIFFE R PRI 5210 1, SR TR vh
Pb Fll Cd X[ WA FEPERON , RIS TR iR ]
YERIERR AL P (acid volatile sulfide, AVS)F [a] i 2 HL

Hi 4 J& (simultaneously extracted metals, SEM)-5 4= 4y
FEIERIC R AT N i E A5G SEBr A TR B 4
a8 It S SR A S | TR BRI K DU Y 4
JE 5 YR R

1 ##57% (Materials and methods)
L1 IR R S il 25

FH FARXERAS 51 4 AR IR AE A A AR DT
KIASBIF ST R ] Pasteris 55U 77 1 5 1%, T ¥
A - HEIFR YL TR AR DB T80, A
FHETTRBIX A R A i 1 28 AR KT, 3 40
H i 2 B B0, 2500 NIRRT R L
B 1.9% ,pH 4 7.86 , HUMZE I kb 64% Kl
+24% Wb 12% , EEIEWEEOELSRILE 1)
SEZAREDET A, Cr Ni,Cu, Zn Hg Pb fY7F 5t
{EA S 3R PR i bRt (GB 15618 FABE T itAr
HEWR—ZhRIE T Cd 1 As OV B 1 5 T— bRt
T Zbpife , AR X A W3 R AR

i R4 4l CACL,  Pb(NO,), I (1 K
SEENEANE TR IIT ) , 25 8 F oK BL i 48 B8 7k
JER 1000 mg- L A E T, B 100 g DTBUIAE
fi, BT 1 L BEESBEAR i A — 8 B 4 i
BV, TCH R A AN TR v R B 1 e s U AR, AR Al
SCERM R Pb  Cd i SQG (sediment quality guideline,
VORI FEE)(E , Pb ) TEL(threshold effect level
Il 3800 e FE) 5 PEL(probable effect level , RN,
WeFEY 35k 47.3 F11204 mg - kg, Cd g 3.02 F119.0
mg * kg PR BT AARIEA DU Pb A Cd BN
PR, FRYLREVR E WL EE 2, ARG INA B Tk =
600 mL, ILAT, UTRY) 5 B K R 13, X
KIEEIF B 1 b, ZJ5E TER T 14 d,
HIe), B0 3 d Fear il 1R R DT IBR AS in
G IBIMEARIRT AR, bR AN BRI 3 4
FAT, YT 14 d e, BOUBARE A _E KA
WPRRFERSE SR WA 2, TUBW ARk 5 s
WP 2[RI AI R 22 K 22 AE +10% LA 5 SZUTR A IS
SO AR E Y R I D 25 2 T v B e R4

®1 REMBERLEPEEEETRE

Table 1 Background values of heavy metals in Tianjin suburbs soil
Cr Ni Cu Zn As Cd Hg Pb
Heavy metal
WS ((mg-kg™)
119 573 6.64 225 65.9 0.430 0.150 6.89

Concentration/(mg -kg™)




43

BRI ALAE A TP EE 428 Pb FI Cd KA RPN S 131

&2 PbFlCd MARKE SERE MEMEERE LBKPRIKRE
Table 2 Spiked and measured concentrations of Pb /Cd in sediment,

and the concentrations of Pb/Cd in the overlying water

Pb Cd
VLF Sediment ) VIR Sediment R/
R TbRHe e SR BE L?ﬁﬂj/ IERUERE STk RE/ (pg-L™")
Experimental (mg-ke™) (mg-kg)  AAXHRZE % (()}:d/iljl;n; (mg-kg™) (mg-kgl)  AXMEZE/% Overlying
group Spiked Measured Relative water/ Spiked Measured Relative water/
concentrations/ concentrations/ deviation/% ¥ concentrations/ concentrations/  deviation/% (ng-L™)
(ke (me-ke?) CEED T gt merke)
I 40.0 46.0 15.0 115 2.00 2.74 37.0 0.82
I 70.8 732 323 155 5.30 5.79 9.25 1.33
I 126 121 -3.57 559 14.1 11.0 -21.9 2.89
v 224 223 -0.30 67.5 37.6 34.0 -9.60 6.96
A% 400 417 425 1102 100 98.2 -1.84 312

1.2 Ak
1.2.1 =Zik4Y

T T AT W o L R A e AR S R B A A
L, BEEREATESLR = E T 10 L R OE8EA h
YR IMAZEIES 48 h BREUK, BAE A 150 H ]
WiFEH (1.220.2) em, 72 (0.8+02) cm, pH N 6.8~
75, EEAMET 4 mg - L ¥ (23 £2) °C, &2 K
M 1 IR BEBEAM . EZ AT YIFE 10 d, 38T %
<10% , P E R LA TS, SCIRHT 1 KIS 24 h,
1.2.2 PURRYIAN BB /KU v b Tl g P e

2% US EPA(GE [ B 5 AR 37 Jmy) IS A A=
FRUEIRIG T gE T 21 d TSRS, BEL
VEUL 8 FUM A Y UIRY h  E S22 5 21 d, L
o AR ORI UL Y0T B ) 35 15 0 D v R RE
ARFET MR Ry J5 Bk, BRR 7 RAbse 1 IR BBTK,
PRAETEFIIK AR R L — 2,

Sk T B K v EE 4 T T B 1 TR
B B s b i 4 i S U B T A [
JER B B KW, [FIAETE 1 L Bt h AT 2B )
BRI, BB 8 SR, 45 K ] — A ] 4K
EBRAETAMA B 2 KRG 1 WAIRBE s s, HoAh 5%
50U 2 87 1A — 3k

TR W o 3 S B 2 2 R W e AR T v
FH 500 mL = ff AR A AR EHE , 79056 F o 4 ] St g
ARG K B RER, TR IR A AR SE B 4
FEAFANCIHI P T 3 A (S 56 Rl 0 5 Tl 4R A 3
)RR G ] PE PR BB O T 58 5 R 4R T
B, RRZE 2 h, I S0 2 2 h ARSI s i 4

FIAEAR . AR S8R e A QI P 7K Hh s i SR i AE 1k
1B, 4% T80 28 2G0T IR A E S0 R AT I 1 ) %

OR=[(DO,-DO)xV |/ (Wx?)

K. OR M HANAFEFESE R ,mg- (g-h)"; DO,
1 DO, N 5256 ¥ 4R FIAE ¢ B 1) B 7K rp i i 4800 &
,ome L VORISR K AR Ly W ok
i, gt MRS A b,

WP Al 46 = (1 - SC 50 41 ORX B 20 OR) x
100%

1.3 YU DK E 48 2 AVS SEM il

WOE TR AR TS | HERFRI 0.1 g 1L
A S . FH 6 mL ¥k HNO, .2 mL HF #12
mL H,O,(¥ g st , W [ KE i e Fial50 1OHFE
Sk T S, SR ARG A BCHR S 7 i R SE(MD 6C-6H
AU B SR 2 AT B WA TR e, B L3
Wit 0.45 pwm B E 25, ] ICP-MS(H B 5 55
B TR-Jii%ik  ELAN DRC-e, Perkin Elmer SCIEX)
W5E 4 Jm U, K FE R RS B, &
PR 90% ~103% 2 8], A B4 0.01 pg L™,
AT HRHEA 25 <5%

K FH US EPA Hi 75 1 WS -WAC- L 6,75 35 D
TR h iy AVSPS  AVS 5 ERR I W AR IR AL S
AR T RO S R AR T A s S
Fo AR B AL vk B, R R IE AVS F R 98
KIBAYE L B EWGT 0.45 wm U855 H ICP-
MS I Hor 8 4 s & i, B A SEM,

1.4 Blikb s
R o BPE R ] Excel 2007 HE A7 A 3, H
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SPSS16.0 Ge it t-AG 5o vk X 2 ) Bl itk A 7 22 S vk
IIHT(95% EAF X [A]), iz ] Origin 8.5 YE K, HR 4 B
LR INFRTRITE EC,,.

2 ZR 5132 (Results and discussion)
2.1 UUBWT Ph/Cd XTI TR RN
2.1.1 YU Pb/Cd XHRIEE 21 d AYtE PR TERON
TS 20 T IR 3R 2 B8 A DU, 8 UK
Hh I A HUBOR R 14, B8 B SO DR 1975
YUARIL . 575 YLk B 8w B YT W Ao A B A b
I/ DA T AT e B B A i, pl T T R A X
ARG A0, YL B B DR TR T I (9 P TR 4
%, FEVIFIYLTE 2% 5% 21 d J5ic 5% T 3ET=
FRRTWER R IE 1, 21 d LA G2 FXT
HE ] WRAE T SR R 96% |, 78Ik 5 4 (1) iy dif 7
TG R FRALAH L 2200 AN K B Pb  Cd YL B IR
(418 TN SR R S ATR , RV 7 S R B AL, TR Y
FET-HA A 20% oAy, FHAAE 5T Pb/Cd Xt iE
WA IR BT K 22 520 e % MY A 3 R RN
FHLG(ER 3), AT % T 5 M B 5 R Ot FH A7 37 23 0 LA
TR 4 B XTI A e, (R 2 E A R
W) — S A AT SR 52 B, Q0 0 A A R
5%, R AT LRI AR 32 44T R P 3R S5 Sl XL
RAEYBURN SR A SGPP ) LR )5, 2 4l
A7 83% TRV AT rh | B YL BE VR BRI, T
LR B WAL, 2 P, Cd ¥k B 435I R 224,37.6
mg kg B HA K 50% ~60% [ 7] 1 v A TR
W SR TESZ TS Y TR T o T R A
UURRR1H W B A U8 B AT R R SR S BRI, LA
W/ X ¥ e 0 R i Y R B v VIR 8 2 v AT
—— {70 % /Survival rate
Pb —o— F ¥4 /Diving rate
100 L

80

60 -

TN 1%

Toxicity effect/%

40 +

20

1.6 18 20 22 24 26 28
lg Pb/(mg * kg™)

PR [ 0 T AR AR B 22 1) ST 457 B A DU
T (17 R4 R R CIE N S o I
A A BT AN 23 WSO T 2 58 A e VA 2 g g
e S 18] P A KR KA P A T A S A R ke
iH,
212 YR Ph/ Cd XHRE 14 d PR M0,
TR A WA W R HE ik 3ok A% A R bR, AnFE
AR FIHEZCR AR ] DUIAE R f e i 4 I 75 1 X
JEFEFRPT ) AR Z2 58 14 d B E 7 J0) g IR %
PR AT AR L AR R 2 (1) X6F YT g 1% I 1 33k
RILT-EA 5, Bl A Y 75 5 4 Jm W 3G K, 78
Pb #y 70.8 mg-kg",Cd & 5.3 mg-kg s X i W I
HRAT AR, 7E = W BE LIV, V) T] WP 1
R R, ULBIXVRE R Pb Cd B 2 X ==
THEIMERS . % Pb.Cd RN EE 4@, Cd X i) g
B P 0 A e 5 P, AR B R, 2
TURWh Po  Cd ¥R BE43 5120 126 ,14.1 mg-kg' I &
28X T A LE LA I 20 2 3 B v

F3 MAYH Pb.Cd AR KHEWE LC,
Table 3 The LC,, of Pb/Cd in sediment

on typical benthic organisms

Pb/ Cd/ B AR
(mg-kg') (mg-kg') Data sources
Yok 21 d
o 391 37 [21]
M. anguillicaudatus 21 d
kezkil 21 d
1 037 281 [21]
M. Iimtosus 21 d
R RRIC 21 d
248 263 [21]

C. tentans 21 d

Cd —®— {75 % /Survival rale
—o— %% /Diving rate
100 L

80 L
60 |

40 +

BEPERLN /%

Toxicity effect/%

20

03 06 09 12 15 18 21
lg Cd/(mg - kg™)

1 AR ESETF Pb/Cd 21 d HHESEMTEER

Fig. 1

Survival and diving rate of C. fluminea exposed to Pb/Cd spiked sediments for 21 d
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Fig. 2 Relationships between respiratory inhibition rate of C. fluminea and Pb/Cd concentrations

Pl 2 Shyyal I R 410 1) S5 AT AR P Cd fin A R
LA BT 28T, T LA P AU A AR I (R
B3 514 09190977, PAEFI/NT 0.01), H LA
Pb  Cd X T WL -2 4100 7] 24 11 = H50 380 1 ¥ B (EC) 53
HIoA 519 1 151 mg-kg',
2.2 _AEKF Ph Cd XTSI

I T 2 T OO 3 )2 8B A DT, I
HKAE M AKAE Z2 27 LK e EE KR
15 e T BE XS A R, R T AR IR
Yy 1B K 4 T B o AT A 7 AR D A gt
TT75 K Po FI Cd &= AHIRI B KAH 21 d 1)
B, AR Pb Ml Cd BB Tk E A AR
10.0~110,0~40.0 wg-L™" 22 [a], B A% dif i) 75
RO AN 3 i, AR B] Pb il Cd X IR K
) HC (B TR 95% A= W B 7 % 1918 4 0 A
82.1 Fl1 75.8 wg-L™", M Pb X i 14 30 4 b (4,45
J5 a2 HSE2E AR i R A B S

—a— 14 d PR Z/14 d respiratory inhibition rate
—*— 21 d f£1%5%/21 d survival rate

oo W
= 80L
5§
E\é 601
® 5
ﬁf 401
a2
=20}
Ot l\.'/—n-—u/.

0 20 40 60 80 100 120
Pb/(mg + L

2 HC B M 234pg- L, ARS8 % Pb Cd BB T
W AR T SCHRAGE 19 HC (H 2, JT 2 5% 14 d i}
I 38k S 6 HEZH AH H LT 1% A A8 4k, 24 Pb  Cd ¥
FEAR K 110 .31.3 g« L7 kX6 5 1 35 58 A7 4% 1
il B S S T E 4R Cu A Cd X AT B
W A ) EE M, S5 3SR B 100 pg - L b3
251,200,400 wg - L A9 [ 5 4 Ab 3 5 203 %
TP FE SR HEZ R A, BEE 21 d Z5RAT
T R W] S A, Lt AR5 o BT UL 5¢
F AR PE 32 R R DU P T Cd fir
By, K 4 JE B T L I ST DN
2.3 PRV R PRGN E 4w AR A AR R e
DU & 8 AR R E RIS E B 4R
MTE YL B, B e 5 DURR Y vh & 0 2B W A 3
PERL T AVS RUTB T E &R E WA E X
HAYH RS JEPEEH . pF9E R W] SEM/AVS
) EE R LA 5 TR I A R B AR G B A

—a— 14 d PR 2%/ 14 d respiratory inhibition rate
—*—21 d f735%/21 d survival rate

100 ‘-—¢\'\.

80+

60

BEPERLN /%

Toxicity effect/%

OF -—.—"’//
50 510 15 20 25 30 35
Cdl(pg - L)

3 &Kk Pb.Cd B F Xt B S 1R
Fig. 3 Effects of Pb/Cd in overlying water on C. fluminea
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SIREFREES TR b S* I &5 2 EE
P XU AVS FI SEM. #E 4743 Hr il
FE AR TR AVS i SEM & S IR A
YRy 35 PEROM W2 4, AVS BY & REAE 130 ~ 150
mol - kg Z ], FLFifi 45 Y B e 1) 184 0 522 30/ )N s 34
K% SEM B B & e 5 Wk B (0 34 iy 15 K, P
SEM {H Y fIE T Y35 1) BRI

TA] L4 P T R B 5 SEMVAV'S (. (19 48 K T 2%
WA . 4 SEM/AVS>1 I I 410 4] < B (g 3
X UL AVS 8 S22 1 DU 9 b 1 4 7 MRk
Y EE IR Tl A4 WP I 0 ) 5 F1 SEMY/AVS {H 1)
LVERLA I 4 T, E— 2510 LA AT A4 i
(R TR TORR ) Hh 7 4 1) A 2 el R (R (.43 5
k1 0.906 .0.952, P{E¥I/NF 0.01), 4 SEM/AVS {H
BRE S BUEYIANES R E SR, AR
FEHC B TR 4 JE AR T LR P Y R AR IR R
FET0 A R O THES A SO A A RRE i, H
BEASFLIN 4347 0L LA B i K %) itk 28 1 25 A8 4k
VGG R ARSI SEAER I ASIBFL 2R

it TG P RAALG, TG 1l AR 2R R T AR A Ak, £l
HEE A S5 K R e 1 2 B IR, R 51 i — R 91 Az A
AR ZE AL, HLAR A BRI DI BB RRAIC , 30 AT WA FE
ARMAFEE AR, B 5 ATAL 24 SEM/AVS
EAST 1B, A as (LA Y 0 I H R A H, P AT
BEWES (HE Cd HEBRA LY FNEP<0.05),
i ELi % SEM/AV'S {5 8 | 35 Pk w7 th i | 24
SEM,,/AVS =4.22  SEM_,/AVS =0.16 I} , A5 #
EME2E 5 (P<0.01), TLULHESECPBESE T U Y h
Cu ,Cd \Ni Pb . Zn XJJFCAH A= 1538 7K B L 15| A e 2
B EEPERON , & P24 SEM/AVS<1 i}, Cu Ni Pb,
Zn 4 Fh 4 JB BEACRN N AN AR B 7 AR B T Cd AT
SRR B P A Y e X SE RS A5 SR U] Cd
X IRCAT A= 9 0 2 1 A T AR

AVS-SEM A2 — Pl A7 0 1) A 28 U DA
B AHRANEA RBRIE, AVS AlfEZ pH A4k if 5
FLANT |V ik ST B S IR B A (s i T AR AR
TR 25 3% WA JEC G TG 6 A 2E 9 R T D D0 R sk
(5 AVS Z5575) B E G YRR, Riffi#E SEM/

FEAMAZ B R R R AR, AT BOULIA AVS<] ST ABRBESTE RN R — e i E 4
x4 RYP AVS.SEM MIEL R
Table 4 Concentrations of AVS, SEM in sediment of toxicity tests
Pb Cd
W (mg-kg™) SEM-Pb/ AVS / ¥ (mg-kg™") SEM-Cd / AVS /

Concentration/(mg-kg™)  (wmol- kg')  (umol-kg™) SEM/AVS Concentration/(mg-kg™)  (wmol- kg!')  (umol-kg™) SEM/AVS

40.0 95.1 133 0.72 2.00 114 133 0.09

70.8 151 130 1.16 5.30 20.4 133 0.16

130 338 139 243 14.1 63.9 131 0.49

224 621 147 422 37.6 153 139 1.10

400 840 131 6.39 100 396 139 2.85

S0r Pb

N

$ 40}

S
X =
g2 0
=E 20l
g
=2 0L

<

[a=1 O- [ ]

02 00 02 04 06 038
lg (SEM, /AVS)

4

500
= 401
304
2

I 2%/%
Respiratory inhibition rate/%

12 08 04 00 04
lg (SEM_/AVS)

ARG R 5 SEM/AVS ERX R

Fig. 4 Relationships between respiratory inhibition rate of C. fluminea and SEM/AVS
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J& ) ORTRIA TR 4 JE 78 A W R i HE R AN
A, FEESON A —E, Arini S50 R K R LTE
A Tk Cd F1 Zn 15 4L A9 i L 2R 88 24 d J iR 3
HAKHEAT W 1 AR HE 0, 250 R A8
HI) Zn REMS DR ETBR , (R Cd A m e AlE, J
W20 240 A, L, 5 AVS 56580 Cd 156E
W AEE RN B, Ik E etk

i brR Ui P Cd XHRELRY 21 d BU3E
FEPE LA, (HAEAE S B0 LT 75 R, iy L Fifi %
7 VA P v S R R B XTI 14 d PR AR
BRI, ECy, 205 519 #1151 mg-kg', LAEK
H1 Pb A1 Cd & VR EERAR, XA )8 1 2500 DT R 4K
/N, SEM/AV'S B FTR[WHIF WA ] 284 R A AR DG
MZER T 1B TR Y Po XA A= 4 8¢
P /NTF 1B, Po XIS A BEEE R . X T Cd i
T ZHAE>0.16 B B[S a7 ig I 1 38 3% 5= A= B g 1)
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BITEBE N 5K F%01977-), B, B4+, 8 4%, 2 2 EFH
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