@% SCIENCE SCOPE
MU

Heavy metal speciation and bioavailability in marine environm

ments: a review

B R IEX BEIE FETELS KALE

(L.
266101)

1 X 145, X% 171.5 tA

20 70 )

[5]

[6]

1 BATELEBHHSHR

2
[7.8]

[1,9]

(labile) (bound)[lo]

88

266100; 2. ,

: 1000- 3096(2008)0F 0088 06

(11

1.1 HXKFP2BHHBES

) 3
3 ,
-9 Koz
elka  Bruland'" Narraganset Bay
(DPASYV) Cu Zn Cd Pb
, 4
, Zn 51% ~ 97%,
Cd 73% ~ 83%, Pb 67% ~ 94% , Cu 99%
Velasquez ' Malila Cu Cd Zn
, (la-
bile,
) (bound,
). (DPASYV)
Cu Zn Cd pH  (labile, pH 7.5~
8. 5; total(labile and bound), pH  2) ,
Cu Cd , Zn
CobeloGara  Prego'"!
Vigo Ria
Cu Pb  Zn, Cu Pb
3%, Zn

, 48% ~ 72% Ellwood" "™

: 2007 09- 15; : 2007 10-31
(40406024) ;
(2006ZR A 02063)
(198t),

: 0532 66782910, E- mail: jfpan @ ouc. edu. cn

32 /1



%@ SCIENCE SCOPE
RFE

pmol
/n Cd R
0.2~ 23.0 pmol/kg Singhal """ Mum-
bai ) Fe Zn Cu Ni, Mn
. Fe Zn
Cu Ni  Mn (2.2
~ 1. 1nm )
1.2 A dudh i K b 2 BT &6 #R
R , Kozelka
Bruland' " 70% R
Velasquez '
Cu Pb Zn  Ni om0l
19,21~ 24]
95% [25~ 28]
) 3~ 50
nmol/ L, "
1 nmol/ L'"* s
(DOC) (10 mg C/ L)
, Hyalella azteca
! , bocC
DoOC DOC
, ( humic
acid, HA) (fulvic acid, FA)

2 AT EREREN AR MR

[30,31]

[3, 16~ 20]
2

2.1 AR BLEE STE £ B0 A A T AR
, DOC 10% ~ 30%
) ,DOC

[32]

.. 33
Roditi '

Dreissena polymorpha 50% DOC
Shank ' Cape Fear ,
DOC (< 1000 BMC) (r’=
0.93, P<0.01) ,  Cape Fear ,
DOC ,
DOC ,
,DOC 2
[16,17]
DOC
DOC [35~ 37)
,DOC /
P Hess MY DOC cd
Caenorhabditis elegans
DOC Cd,Cr Ag ( Per-
na viridis) , Cd Cr
DOC Cd
) ( ) DOC
; Ag Cr , DOC
[ 40] ’
Doig' ™ (Hyalella azteca)
DOC
, DOC ,
H yalella azteca (sublethal)
DOC )
Ni
Ni  DOC , DOC
Ni

[27]

2.2 BARH AUk 3ta B e T A R M8 R5eR

(COC) DOC
, 60% ~ 70%, 20% ~
50%'""
Cd Cr Zn [42~ 45] [46,47]
[47~ 50]
Roditi
133 ( high molecular weight,
HMW)
, (HMW)
Chen Wangl47J

Marine Sciences/ Vol. 32, No. 1/ 2008 89



%@ SCIENCE SCOPE
RFE

[45]

Pan  Wang

2.3 BN AT e Bk 4 ST AR ) R

(
DOC  60% ~ 70%)) ,
( 20% ) ( 80% )
, (-COOH,
-OH ), 3t 20
,George Coo mbs' Cd s
1 . Winner >
Cu )
Pempkowiak  Kosakowska'™ ,
Cd Chlorella
Vulgaris Koukal '
,Cd, Zn Pseudokirchneriella subcapi-
tata , ,
MetatHA ,

3 AT ESRBN S FAE YA
Ik
3.1 BT ELENTE

[56]

Tessier BCR

2
[59]

P71 Tessier
5 , ( Exchangeable)

( Carbonate) ( Reducr
ble) ( Oxidizable) ( Resid
ual) BCR ,

7 (758 4 damol®”
Naples ,

4

”

(Aceticextratable), (Reducible)
90 /2008

( Residual),

( Oxidizable)

Cd
Cr Cu
Lot Cu Pb Cd
, 3
, 5
, Cu Pb Cd
, Cu Pb Cd
[62]
(< 6%)

WARY P E 2 B0y £ T AR AT R

[63]

[64]

[5] [65] cd

[ 66]

Beiras
Cu,Pb,Zn As ,
Conder' "
Cheggour '
s Cd Cu Zn
Ni ,
4
) N Mn Fe
Nowierski '®
, Cd
32/ 1



4

[29]

[2]

[4]

%@ SCIENCE SCOPE
RFE

/INEE

) , DOC

(10% ~ 30%) ,

B

Campbell P G C. Interactions between trace metals and
aquatic organisms: a critique of the freeion activity
model A].
and bioavailability in aquatic systems[ C]. New York:
John Wiley and Sons, 1995. 45 102.

Kozelka P B, Bruland K W. Chemical speciation of dis
solved Cu, Zn, Cd, Pb in Narragansett Bay, Rhode Is
land[ J]. Marine Chemistry, 1998, 60(34): 267 282.
Campbell P G C, Errecalde O, Fortin C, et al. Metal
bioavailability to phytoplanktorr applicability of the bt

Tessier A, Turner D R. Metal speciation

otic ligand model[ J]. Comparative Biochemistry and
Physiology C Toxicology and Pharmacology, 2002, 133
(1-2): 189 206.

Wright D A, Mason R P. Biological and chemical inflr
ences on trace metal toxicity and bioaccumulation in the
International

marine and estuarine environment [ J].

[ 6]

[7]

[8]

[ 10]

[11]

[12]

[13]

[14]

[15]

[ 16]

[17]

Journal of Environment and Pollution, 2000, 13( }6):
226 248.

Geffard O, Geffard A, His E, et al. Assessment of the
bioavailability and toxicity of sediment associated poly
cydic aromatic hydrocarbons and heavy metals applied
to Crassostrea gigas embryos and larvae[J]. Marine
Pollution Bulletin, 2003, 46(4): 48 490.

[J]. , 2004, 19(1): 2631.
Campbell P G C, Errecalde O, Fortin C, etal. Metal
bioavailability to phytoplanktorr applicability of the br
otic ligand model[J]. Comparative Biochemistry and
Physiology C Toxicology and Pharmacology, 2002, 133
(1-2):189206.

Bruland K W. Complexation of cadmium by natural or
ganic ligands in the central North Pacific[ J| . Limnology
and Oceanography, 1992, 37(5): 10081 017.
Wells M L, Kozelka P B, Bruland K W. The complex
ation of dissolved Cu, Zn, Cd and Pb by soluble and
wlloidal organic matter in Narragansett Bay, RI[ J].
Marine Chemistry, 1998, 62(34):203217.
Velasquez I B, Jacinto G S, Valera F S.
tion of dissolved copper, cadmium and zinc in M anila
Bay, Philippines[J]. Marine Pollution Bulletin, 2002,
45(112):216217.
Singhal R K, PreethaaJ, Karpea R, etal. The use of
ultra filtration in trace metal speciation studies in sea
water[ J]. Environment Intemational, 2006, 32(2):
224 228.
Kozelka P B, Bruland K W. Chemical speciation of
dissolved Cu, Zn, Cd, Pb in Narragansett Bay, Rhode
Island[ J]. Marine Chemistry, 1998, 60(34): 267
282.
Cobelo Garcia A, Prego R. Chemical speciation of dis

The specia

solved copper, lead and zinc in a ria coastal system:
the role of resuspended sediments| J]. Analytica Chinx
ica Acta, 2004, 524( 12):109 114.

Ellwood M J. Zinc and cadmium speciation in subant-
arctic waters east of New Zealand| J] . Marine Chemis
try, 2004, 87( +2): 3758.

Velasquez I B, Jacinto G S, Valera F S. The specia
tion of dissolved copper, cadmium and zinc in M anila
Bay, Philippines|[J]. Marine Pollution Bulletin, 2002,
45(112):216 217.

Guo L, Santschi P H, Warnken K W. Dynamics of
dissolved organic carbon (DOC) in oceanic enviromr
ments| J]. Limnology and Oceanography, 1995, 40
(8):13921403.

Guo L D, Santschi P H. Isotopic and elemental char
acterization of colloidal organic matter from the Chesa
peake Bay and Galveston Bay[ J]. Marine Chemistry,
1997, 59( +2): t15.

Marine Sciences/ Vol. 32, No. 1/ 2008 91



[ 18]

[19]

[ 20]

[21]

[22]

[23]

[24]

[25]

[ 26]

[27]

[ 28]

[29]

[ 30]

92

%@ SCIENCE SCOPE
RFE

Luoma S N. Bioavailability of trace metals to aquatic
organisms —a review| J| . Sdence of the Total Enviromr
ment, 1983, 28: F22.

Tessier A, BuffleJ, Campbell P G C. Uptake of trace
metals by aquatic organisms[ A]. Buffle J, Vitre R R.
Chemical and biological regulation of aquatic systems
[C]. Boca Raton, Florida: Lewis Publishers, 1994.

197 230.

Hudson R J M. Trace metal uptake, natural organic
matter, and the free ion model[ J] . Journal of Phycolo
gy, 2005, 41(1):F4.

Chakrabortya P, Chakrabarti C L. Chemical speciation
of Co, Ni, Cu, and Zn in mine effluents and effects of
dilution of the effluent on release of the above metals
from their met at dissolved organic carbon (DOC) conr
plexes[ J]. Analytica Chimica Acta, 2006, 571(2):
260 269.

Town R M, Leeuwen H P. Measuring marine iron
( OI) complexes by CLE- AdSV [ ]J]. Environmental
Chemistry, 2005, 2(2): 80- 84.

Collins R N. Separation of low molecular mass organic
acid metal complexes by higlr performance liquid chro-
matography[J]. Journal of Chromatography A, 2004,

1059 +2): F12.

Bell R A, Ogden N, Kramer J] R. The biotic ligand
model and a cellular approach to class B metal aquatic
toxicity[ J] . Comparative Biochemistry and Physiology
C Toxicology and Pharmacology, 2002, 133( t2): 175
188.

Bruland K W. Complexation of zinc by natural organic
ligands in the central North Pacific[ J| . Limnology and
Oceanography, 1989, 34(2):269 285.

Donat J R, Lao K A, Bruland K W. Speciation of dis
solved copper and nickel in South San Francisco Bay: a
multt method approach[J]. Analytica Chimica Acta,

1994, 284( 3) : 547 571.

Donat J R, Bruland K W. A comparison of two volta
mmetric techniques for determining zinc speciation in
Northeast Pacific Ocean waters[]J]. Marine Chemis
try, 1990, 28(4): 301- 323.

Nameroff T J, Balistrieri L S, Murray J] W. Suboxic
trace metal geochemistry in the Eastern Tropical
North Pacific[ J]. Geochimica Et Cosmochimica Acta,
2002, 66(7): 1 139-1 158.

Doig L E, Liber K. Influence of dissolved organic
matter on nickel bioavailability and toxicity to H yalel-
laazteca in water only exposures| J| . Aquatic Toxicolt
ogy, 2006, 76( 3 4):203 216.

Newman M C, Mclntosh A W. Metal Ecotoxicology:
Concepts and Applications [ M]. Boca Raton, FL:
Lewis Publishers and CRC Press, 1991.

/2008

[31]

[32]

[ 33]

[ 34]

[35]

[ 36]

[37]

[38]

[39]

[ 41]

[42]

[43]
32

Newman M C, Jagoe R H. Bioaccumulation models
with time lags: Dynamics and stability criterig J|. Ee
ological Modelling, 1996, 84( I 3): 281 286.

Hill J K, Wheeler P A. Organic carbon and nitrogen
in the northern California current system: comparison
of offshore, river plume, and coastally upwelled wa
ters| J]. Progress in Oceanography, 2002, 53(24):
369 387.

Roditi H A, Fisher N S, Sanudo Wilhelmy S A. Up
take of dissolved organic carbon and trace elements by
zebra mussels| J| . Nature, 2000, (6): 78 80.

Shank G C, Skrabal S A, Whitehead R F, et al.
Strong copper complexation in an organic rich estuary:
the importance of allochthonous dissolved organic mat-
ter[ J]. Marine Chemistry, 2004, 88(1-2):21-39.
Stackhouse R A, Benson W H. T he effect of humic
acid on the toxicity and bioavailability of trivalent
chromium| J]. Ecotoxicology and Environmental Safe
ty, 1989, 17(1): 105 111.

De Scham phelaere K A C, Heijerick D G , Janssen C
R. Cross phylum comparison of a chronic biotic ligand
model to predict chronic toxicity of copper to a freslr
water rotifer, Brachionus calyciflorus (Pallas) [J].
Ecotoxicology and Environmental Safety, 2006, 63(2) :
189 195.

Sures B, Zimmermann S. Impact of humic substances
on the aqueous solubility, uptake and bioaccumulation
of platinum, palladium and rhodium in exposure stud
ies with Dreissena p olymorpha | J]. Environmental
Pollution, 2007, 146( 2) : 444 451.

Oikari A, Kukkonen]J, Virtanen V. Acute toxicity of
chemicals to Daphnia magna in humic waters[]J]. The
Scdience of the Total Environment, 1992, 117/118:
367 377.

Hoss S, Henschel T, Haitzer M, et al. Toxicity of
cadmium to Caenorhabditis elegans ( Nematoda) in
whole sediment and pore water T he ambiguous role of
organic matter [ J]. Environmental Toxicology and
Chemistry, 2001, 20(12):2 7942 801.

Pan]J F, Wang W X. Influences of dissolved and cok
loidal organic carbon on the uptake of Ag, Cd, and Cr
by the marine mussel Perna viridis[ J] . Environmental
Pollution, 2004, 129( 3) : 467 477.

Guo L D, Santschi P H. Composition and cycling of
colloids in marine environments| J]. Reviews of Geo
physics, 1997, 35(1): 1740.

Pan ] F, Wang W X. Comparison of the bioavailability
of Cr and Fe bound with natural colloids of different
origins and sizes to two marine bivalves| J]|. Marine
Biology, 2002, 141(5):915924.

Tack J F, Polk P. The uptake of colloidal melanin

/1



[44]

[45]

[ 46]

[47]

[48]

[ 49]

[ 50]

[51]

[ 52]

[ 53]

[ 54]

[ 55]

[ 56]

[57]

%@ SCIENCE SCOPE
RFE

from seaw ater by marine bivalves| M]. Berlin (FRG) :
Blackw ell Wissenschafts Verl, 1996.

Wang W X, Guo L. Influences of natural colloids on
metal bioavailability to two marine bivalves| J]. Envi
ronmental Science and Technology, 2000, 34 (21):
4 571-4 576.

Pan J F, Wang W X. Influences of dissolved and cok
loidal organic carbon on the uptake of Ag, Cd, and Cr
by the marine mussel Perna viridis| J] . Environmental
Pollution, 2004, 129(3): 467 477.

Nodwell . M, Price N M. Direct use of inorganic cok
loidal iron by marine mixotrophic phytoplankton| J].
Limnology and Oceanography, 2001, 46(4):765777.
Chen M, Wang W X. Bioavailability of natural colloid
bound iron to marine plankton: Influences of colloidal
size and aging [ J]. Limnology and Oceanography,
2001, 46 (8): 1956 1967.

Chen M, DeiR C H, Wang W X, et al. Marine dia
tom uptake of iron bound with natural colloids of dif
ferent origins[J]. Marine Chemistry, 2003, 81(34):
177 189.

Rich H W, Morel F M M. Availability of wellF defined
iron colloids to the marine diatom T halassiosiraw eiss-
flogii [J]. Limnology and Oceanography, 1990, 35
(3) : 652 662.

Wang W X, Dei R C H. Bioavailability of iron conr
plexed with organic colloids to the cyanobacteria Syne
chococcus and Trichodesmium| J]. Aquatic Microbial
Ecology, 2003, 33(3):247259.

Thurman E M. Wershaw R L, Malcolm R L, et al.
Molecular size of aquatic humic substances| J]. Org
Geochem, 1982, 4: 27 35.

George S G, Coombs T L. The effects of chelating a
gents on the uptake and accumulaion of cadmium by
Mytilus edulis| J] . Mar Biol, 1977, 39: 26 268.
Winner R W. The toxicity and bioaccumulation of cad-
mium and copper as affected by humic acid] J]. Aquatic
Toxicology, 1984, 5(3):267 274.

Pempkowiak J, Kosakowska A. Accumulation of cad
mium by green algae Chlorella vul garis in the pres
ence of marine humic substances[J]. Environment Iir
ternational, 1998, 24(5 6) : 583 588.

Koukal B, Gueguen C, Pardos M, et al. Influence of
humic substances on the toxic effects of cadmium and
zine to the green alga Pseudokirchneriell asubcap itata

[J]. Chemosphere, 2003, 53(8):953 961.

2 2 2 .

[J1. (
), 2000, 36(6): 808 812.
Petit M D, Rucandio M 1. Sequential extractions for

determination of cadmium distribution in coal fly ash,

[ 58]

[59]

[61]

[62]

[63]

[65]

[ 66]

[67]

[68]

[69]

soil and sediment samples[]J]. Analytica Chimica Acta,
1999, 401( 1-2) : 283 291.

Davidson C M, Hursthouse A S, TognareHi D M,
et al. Should acid ammonium oxalate replace hydroxy
lammonium chloride in step 2 of the revised BCR se
quential extraction protocol for soil and sediment|[ J] .
Analytica Chimica Acta, 2004,508(2) : 193 199.
Tessier A, Campbell P G C, Bisson M. Sequential ex
traction procedure for the speciation of particulate
trace metals[ J]. Analytical Chemistry, 1979, 51(7):
844 851.

Adamo P, Arienzoa M, Imperatob M, et al. Distribw
tion and partition of heavy metals in surface and sulr
surface sediments of Naples city port[ J]. Chemo
sphere, 2006, 61( 6) : 800-809.
Cu Pb Cd [J].
, 1994, 33(6):832837.
[J]. , 2002, 22(3):305 309.

Bryan G W, Langston W J. Bioavailability, accumula
tion and effects of heavy metals in sediments with spe
cial reference to United Kingdom estuaries: a review
[J]. Environmental Pollution, 1992, 76(2): 8%-131.
Alcock S, Barcelo D, Hansen P D. M onitoring freslr
water sediments [ J]. Biosensors and Bioeectronics,
2003, 18(8):1 0771 083.
[J]. , 2005, 27
(5):173176.

Beiras R, Fernandez N, Bellas J, etal. Integrative as
sessment of marine pollution in Galician estuaries
sing sediment chemistry, mussel bioaccumulation, and
embryo larval toxicity bioassays [ J|. Chemosphere,
2003, 52(7):1 2091 224.

Conder J] M, Lanno R P. Evaluation of surrogate
measures of cadmium, lead, and znc bioavailability to
Eisenia fetida | J]. Chemosphere, 2000, 41 ( 10):
1 6591 668.

Cheggour M, Chafik A, Fisher N S, etal. Metal corr
centrations in sediments and clams in four Moroccan
estuaries| J| . Marine Environmental research, 2005,
59(2):119137.

Nowierski M, Dixon D G, Borgmann U. Lac Dufault
sediment core trace metal distribution, bioavailability
and toxicity to Hyalella azteca| J]. Environmental
Pollution, 2006, 139( 3) : 532 540.

(ALt BT #)

Marine Sciences/ Vol. 32, No. 1/ 2008 93



