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Bibliography of Aquatic Studies on Copper and Antifouling Paints (1980 – present) 
 
As part of the Copper Antifouling Paint Sub-Workgroup activities, DPR staff volunteered to review 
existing scientific literature for studies dealing with copper, copper antifouling paints, and non-copper 
antifouling paints in aquatic systems. This compilation is consistent with the workgroup’s first objective of 
identifying existing studies and information. This list is also intended to be a resource to workgroup 
agencies on the copper antifouling paint topic. 
 
This bibliography list covers the period from 1980-present and may be updated periodically as additional 
information becomes available. Please note the version date in the header. The first version was generated 
in May 2004. If you have identified relevant studies and citations that should be added to this list, please 
contact Nan Singhasemanon at (916) 324-4122 or nsinghasemanon@cdpr.ca.gov. 
 
The list of studies in this document has been identified by: 
1) Performing a literature search on the Web of Science Databases using the keyword combinations of 
copper AND paint, copper AND antifouling, and dissolved copper. 
2) Identifying relevant references cited in articles identified in the initial literature search. 
3) Obtaining reports (primarily department and agency reports) submitted by workgroup participants. 
4) Identifying relevant references cited in the workgroup-submitted reports. 
5) Identifying relevant references published in Environmental Toxicology and Chemistry, compiled by 
Copper Development Association. 
 
This April 2010 updated bibliography list has been expanded to include limited number of copper toxicity 
studies, risk assessment and nanocopper studies. Those who are interested in copper toxicity studies should 
also refer to the reference section in U.S. EPA’s 2003 Draft Update of Ambient Water Quality Criteria for 
Copper. The link to this document is http://www.epa.gov/waterscience/criteria/copper/2003/master.pdf and 
other resources.  
 
The studies identified have been organized into the following general categories to assist with document 
navigation: 
 
1. Copper Environmental Fate/Transport ........................................................................... 2 

Freshwater................................................................................................................... 2 
Saltwater ..................................................................................................................... 3 
Brackish water ............................................................................................................ 4 
Sediment ..................................................................................................................... 7 

2. Copper Biological Effects............................................................................................. 10 
Invertebrates.............................................................................................................. 10 
Vertebrates ................................................................................................................ 12 
Plants......................................................................................................................... 14 
Benthic Species......................................................................................................... 15 
General...................................................................................................................... 15 

3. Copper Analytical Methods/Techniques....................................................................... 16 
4. Copper Modeling .......................................................................................................... 20 

General...................................................................................................................... 20 
Biotic Ligand Model (BLM)..................................................................................... 22 

5. Copper Monitoring........................................................................................................ 23 
6. Miscellaneous Copper................................................................................................... 24 

General...................................................................................................................... 24 
Nanotoxicology......................................................................................................... 25 
Reviews..................................................................................................................... 26 
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7. Copper Risk Assessment............................................................................................... 27 
8. Copper Water Quality Standards/Regulations .............................................................. 28 
9. Copper Antifouling Paint.............................................................................................. 29 
10. Miscellaneous Antifouling Paint................................................................................. 31 

 

1. Copper Environmental Fate/Transport 
 

 Freshwater 
 
Allen-Gil, S.M., C.P. Gubala, D.H. Landers, B.K. Lasorsa, E.A. Crecelius, and L.R. Curtis. 1997. Heavy 
metal accumulation in sediment and freshwater fish in U.S. arctic lakes. Environmental Toxicology and 
Chemistry 16:733-741. 
 
An, Y.J., and D.H. Kampbell. 2002. Total, dissolved, and bioavailable metals at Lake Texoma marinas. 
Environmental Pollution 122:253-259.  
 
Breault, R.F., J.A. Coleman, G.R. Aiken, and McKnight. 1996. Copper speciation and binding by organic 
matter in copper-contaminated streamwater. Environmental Science Technology (30)12:3477-3486. 
 
Featherstone, A.M., and B.V. O’Grady. 1997. Removal of dissolved copper and iron at the freshwater-
saltwater interface of an acid mine stream. Marine Pollution Bulletin 34:332-337. 
 
Gardner, M., and J. Ravenscroft. 1991. The behavior of copper complexation in rivers and estuaries: two 
studies in North East England. Chemosphere 23:695-713. 
 
Ge, Y., P. Murray, S. Sauvé, and W. Hendershot. 2002. Low metal bioavailability in a contaminated urban 
site. Environmental Toxicology and Chemistry 21:954-961. 
 
Giesy, J.P., J.J. Alberts, and D.W. Evans. 1986. Conditional stability constants and binding capacities for 
copper (II) by dissolved organic carbon isolated from surface waters of the southeastern United States. 
Environmental Toxicology and Chemistry 5:139-154. 
 
Gundersen, P., P.A. Olsvik, and E. Steinnes. 2001. Variations in heavy metal concentrations and speciation 
in two mining-polluted streams in central Norway. Environmental Toxicology and Chemistry 20(5):978-
984. 
 
Gundersen, P., and E. Steinnes. 2003. Influence of pH and TOC concentration on Cu, Zn, Cd, and Al 
speciation in rivers. Water Research 37:307-318.  
 
Hoffman, S.R., M.M. Shafer, and D.E. Armstrong. 2007. Strong colloidal and dissolved organic ligands 
binding copper and zinc in rivers. Environmental Science and Technology 41(20):6996-7002.  
 
Martin, A.J., and R. Goldblatt. 2007. Speciation, behavior, and bioavailability of copper downstream of a 
mine-impacted lake. Environmental Toxicology and Chemistry 26(12):2594-2603. 
 
McIlroy, L.M., J.V. DePinto, T.C. Young, and S.C. Martin. 1986. Partitioning of heavy metals to 
suspended solids of the Flint River, Michigan. Environmental Toxicology and Chemistry 5:609-623. 
 
Moncur, M.C., C.J. Ptacek, D.W. Blowes, and J.L. Lambor. 2006. Spatial variations in water composition a 
northern Canadian lake impacted by mine drainage. Applied Geochemistry 21:1799-1817.  
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Pesavento, M., R. Biesuz, A. Profumo, and T. Soldi. 2003. Investigation of the complexation of metal-ions 
by strong ligands in fresh and marine water. Environmental Science and Pollution Research 10(5):317-320. 
 
Santos-Echeandia, J., L.M. Laglera, R. Prego, and C.M.G. Van Den Berg. 2008. Copper speciation in 
continental inputs to the Vigo Ria: sewage discharges versus river fluxes. Marine Pollution Bulletin 
56:308-317.  
 
Scholkovitz, E.R., and D. Copland. 1981. The coagulation, solubility and adsorption properties of Fe, Mn, 
Cu, Ni, Cd, Co and humic acids in river water. Geochimica et Cosmochimica Acta 45:181-189. 
 
Tusseau-Vuillemin, M.H., C. Gourlay, C. Lorgeoux, J.M. Mouchel, R. Buzier, R. Gilbin, J.L. Seidel, and F. 
Elbaz-Poulichet. 2007. Dissolved and bioavailable contaminants in the Seine river basin. Science of the 
Total Environment 375:244-256.  
 
Xue, H., L. Sigg, and R. Gatchment. 2000. Transport of Cu, Zn and Cd in a small agricultural catchment. 
Water Resources 34(9):2558-2568.  
 

 Saltwater 

Blake, A.C., D.B. Chadwick, A. Zirino, and I. Rivera-Duarte. 2004. Spatial and temporal variations in 
copper speciation in San Diego Bay. Estuaries 27(3): 437-447.  

Bruland, K.W. 1980. Oceanographic distribution of cadmium, zinc, nickel, and copper in north Pacific. 
Earth Planet Science Letters 47:176-198. 
 
Buckley, P.J.M., and C.M.G. Van Den Berg. 1986. Copper complexation profiles in the Atlantic Ocean. 
Marine Chemistry 19:281-296. 
 
Chester, R., and J.H. Stoner. 1974. The distribution of Zn, Ni, Mn, Cd, Cu and Fe in some surface waters 
from the world ocean. Marine Chemistry 2:17. 
  
Chung, D.S.B. 1979. Heavy metal and oil pollution in the marine environment around Singapore, Unpubl. 
B.A. (hons) Thesis, Dept. of Geography, NUS, 58 pages, 1 plate. 
 
Coale, K.H., and K.W. Bruland. 1990. Spatial and temporal variability in copper complexation in the North 
Pacific. Deep-sea Res. 47:317-336. 
 
Coale, K.H., and K.W. Bruland. 1998 Copper complexation in the northeast Pacific. Linol. Oceanogr. 
33:1084-1101. 
 
Cotte-Kreif, M.H., C. Guieu, A.J. Thomas, and H.M. Martin. 2000. Sources of Cd, Cu, Ni, and Zn in 
Portuguese coastal water. Marine Chemistry 71:199-214. 
 
Fileman, C.F., M. Althans, R.J. Law, and I. Haslam. 1991. Dissolved and particulate trace metals in surface 
waters over the Dogger Bank, Central North Sea. Marine Pollution Bulletin 32:846-854. 
 
Karner, D.A., M.M. Shafer, J.T. Overdier, J.D.C. Hemming, and W.C. Sonzogni. 2006. An algal probe for 
copper speciation in marine waters: laboratory method development. Environmental Toxicology and 
Chemistry 25:1106-1113. 
 
Laslett, R.E. 1995. Concentration of dissolved and suspended particulate Cd, Cu, Mn, Pb and Zn in surface 
waters around the coasts of England and Wales in adjacent seas. Estuarine Coastal Shelf Science 40:67-85. 
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Leal, M.F.C., and C.M.G. Van Den Berg. 1998. Evidence for strong copper (I) complexation by organic 
ligands in seawater. Aquatic Geochemistry 4:49-75. 
 
Moffett, J., and R. Zika. 1983. Oxidation of Cu (I) in seawater: implications for its existence in the marine 
environment. Marine Chemistry 13:239-251. 
 
Moore, R.M., and J.D. Burton. 1964. Concentrations of dissolved copper in the eastern Atlantic Ocean 23 
ºN to 43 ºN. Nature 264:241. 
 
Morel, F.M.M., and N.M. Price. 2003. The biogeochemical cycles of trace metals in the oceans. Science 
300 (5621): 944-947. 
 
Nolting, R.P. 1986. Copper, zinc, cadmium, nickel, iron and manganese in the Southern Bight of the North 
Sea. Marine Pollution Bulletin 17:113-117. 
 
Patin, S.A. 1982. Pollution and the biological resources of the oceans. Butterworth Scientific, London, 287 
pages. 
 
Pesavento, M., R. Biesuz, A. Profumo, and T. Soldi. 2003. Investigation of the complexation of metal-ions 
by strong ligands in fresh and marine water. Environmental Science and Pollution Research 10(5):317-320. 
 
Riley, J.P., and Taylor. 1972. The concentrations of cadmium, copper, iron, manganese, molybdenum, 
nickel, vanadium and zinc in part of the tropical northeast, Atlantic Ocean. Deep-Sea Res. 19:307. 
 
Seligman, P.F., and A. Zirino (eds.). 1998. Chemistry, Toxicity and Bioavailability of Copper and Its 
Relationship to Regulation in the Marine Environment. Office of Naval Research Workshop Report. 
Technical Document 3044. SSC San Diego, CA. 
 
Shine, J.P., and G.T. Wallace. 1995. The formation of surface-active organic complexes of copper in 
coastal marine waters. Marine Chemistry 51:145-157. 
 
Sunda, W.G. and R.L. Ferguson. 1983. Sensitivity of natural bacterial communities to additions of copper 
and to cupric ion activity; a bioassay of copper complexation in seawater, pp 871-890 In Wong, C.W., E.A.  
Boyle, K.W. Bruland, J.D. Burton, and E.D. Goldberg (eds.) Trace Metals in Seawater. NATO Conference 
Series IV, Vol. 9. Plenum Press, New York. 
 
Tankere, S.P.C., and P.J. Statham. 1996. Distribution of dissolved Cd, Cu, Ni and Zn in the Adriatic Sea. 
Marine Pollution Bulletin 32:623-630. 
 
Van Den Berg, C.M.G. 1984. Organic and inorganic speciation of copper in the Irish Sea. Marine 
Chemistry 14:201-212. 
 
Vinhas, T. 1989. Cadmium, copper, lead and zinc in seawater. Anais Do Institute Hidrografico 10:73-76. 
 
Wallace Jr., G.T. 1982. The association of copper, mercury and lead with surface-active organic matter in 
coastal seawater. Marine Chemistry 11:379-394.  
 
Wan, L., N. Wang, Q. Li, B. Sun, Z. Zhou, K. Xue, Z. Ma, J. Tian, and L. Song. 2008. Distribution of 
dissolved metals in seawater of Jinzhou Bay, China. Environmental Toxicology and Chemistry 27(1):43-
48. 
 

 Brackish water 
 
Abdel-Moati, A. R. 1990. Behavior and fluxes of copper and lead in the Nile River estuary. Estuarine 
Coastal Shelf Science 30:153-165. 
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Ackroyd, D.R., A.J.M. Bale, S. Knox, G.E. Millward, and W. Morris. 1986. Distributions and behaviour of 
dissolved Cu, Zn and Mn in the Tamar Estuary. Marine Chemistry 23:621-640. 
 
Badtieva, O.S., and V.A. Filonov. 1982. Forms of migration of heavy metals in the zone of mixing or river 
and marine water. Moscow University Geology Bulletin 37:55-59. 
 
Baeyens, W., K. Parentier,  L. Goeyens, G. Ducastel, M. De Gieter, and M. Leermarkers. 1998. The 
biogeochemical behaviour of Cd, Cu, Pb, Pb and Zn in the Scheldt Estuary: results of the 1995 surveys. 
Hydrobiology 366:45-62. 
 
Bayens, W., L. Goeyens, F. Monteny, and M. Elskens. 1998. Effect of organic complexation on the 
behaviour of dissolved Cd, Cu and Zn in the Schedt estuary. Hydrobiologia 366:81-90. 
 
Beck, A.J., and S.A. Sanudo–Wilhelmy. 2007. Impact of water temperature and dissolved oxygen on 
copper cycling in an urban estuary. Environmental Science and Technology 41(17):6103-6108.  
 
Benoit, G., S.D. Oktay-Marshall, A. Cantu, E.M. Hood, C.H. Coleman, M.O. Corapcioglu, and P.H. 
Santschi. 1994. Partitioning of Cu, Pb, Ag, Zn, Fe, Al and Mn between filtered-retained particles, colloids 
and solutions in six Texas estuaries. Marine Chemistry 45:307-336. 
 
Bordin, G., M. Perttila, and H. Scheinen. 1998. Distribution of total and AVS-labile cadmium, lead and 
copper in seawater in the Northern Parts of the Baltic Sea in 1985-86. Marine Pollution Bulletin 19:325-
327. 
 
Buck, N.J., C.J. Gobler, and S.A. Sanudo-Wilhelmy. 2005. Dissolved trace element concentrations in the 
east river-Long Island Sound system: relative importance of autochthonous versus allochthonous sources. 
Environmental Science and Technology 39:3528-3537.  
 
Cobelo-Garcia, A., and R. Prego. 2003. Land inputs, behavior and contamination levels of copper in a Ria 
estuary (NW Spain). Marine Environmental Research 56:403-422.  
 
Dai, M., J.-M. Martin, and G. Cauwet. 1995. The significant role of colloids in the transport and 
transformation of organic carbon and associated trace metals (Cd, Cu and Ni) in the Rhone delta (France). 
Marine Chemistry 51:159-175.  
 
Donat, J. R. 1994. The speciation of dissolved copper and cadmium in the Chesapeake Bay. Eos 75, 330 
(abstr.).  
 
Donat, J.R., K. Lao, and K.W. Bruland. 1994. Speciation of dissolved copper and nickel in South San 
Francisco Bay: a multi-method approach. Analytica Chimica Acta 284:547-571. 
 
Eaton, A. 1979. Observation in the geochemistry of soluble copper, iron, nickel and zinc in the San 
Francisco Bay Estuary. Environmental Science and Technology 13:425-432. 
 
Elbaz-Poulichet, F., J.M. Garnier, D.M. Guan, J.M. Martun, and A.J. Thomas. 1996. The conservative 
behaviour of trace metals (Cd, Cu, Ni and Pb) and As in the surface plume of stratified estuaries: example 
of the Rhone River (France). Estuarine Coastal and Shelf Science 42:289-310. 
 
Gardner, M., and J. Ravenscroft. 1991. The behaviour of copper complexation in rivers and estuaries: two 
studies in North East England. Chemosphere 23:695-713. 
 
Gardner, M.J., and J.E. Ravenscroft. 1991. The range of copper complexing ligands in the Tweed estuary. 
Chemical speciation and Bioavailability 3:22-29. 
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Harper, D.J. 1991. The distribution of dissolved cadmium, lead and copper in the Bristol Channel and the 
outer Severn estuary. Marine Chemistry 33:131-143. 
 
Jones, B., and T. Bolam. 2007. Copper speciation survey from UK marinas, harbors and estuaries. Marine 
Pollution Bulletin 54:1127-1138. 
 
Jones, G.B., and F.G. Thomas. 1998. Effect of terrestrial and marine humics on copper speciation in an 
estuary in the Great Barrier Reef lagoon. Australian Journal of Marine Freshwater Research 39:19-31. 
 
Kerner, M., and C.D. Geisler. 1995. Dynamics of Cu release during early aerobic degradation in aggregated 
seston from the Elbe estuary. Marine Chemistry 51:133-144. 
 
Kozelka, P.B., and K. Bruland. 1998. Chemical speciation of dissolved Cu, Zn, Cd, Pb in Narragansett Bay, 
Rhode Island. Marine Chemistry 60:267-282. 
 
L’Her Roux, L., S. Le Roux, and P. Appriou. 1998. Behavior and speciation of metallic species of Cu, Cd, 
Mn and Fe during estuarine mixing. Marine Pollution Bulletin 36(1):56-64.  
 
Loder, T.C., and R.P. Reichard. 1981. The dynamics of conservative mixing in estuaries. Estuaries 4(1):64-
69.  
 
Monteny, F., M. Elskens, and W. Baeyens. 1993. The behavior of copper and zinc in the Scheldt estuary. 
Marine and Estuarine Gradients 27:279-286. 
 
Morris, A.W., R.F.C. Mantoura, A.J. Bale, and R.J.M. Howland. 1978. Very low salinity regions of 
estuaries: important sites for chemical and biological reactions. Nature 274:678-680. 
 
Muller, F.L.L. 1996. Interactions of copper, lead and cadmium with the dissolved colloidal and particulate 
components of estuarine and coastal waters. Marine Chemistry 52:245-268. 
 
Muller, F.L.L., 1998. Colloid/solution partitioning of metal-selective organic ligands, and it’s relevance to 
Cu, Pb and Cd cycling in the Firth of Clyde. Estuarine Coastal Shelf Science 46:419-437. 
 
Nimmo, M., C.M.G. Van Den Berg, and J. Brown. 1989. The chemical speciation of dissolved nickel, 
copper, vanadium and iron in Liverpool Bay, Irish Sea. Estuarine Coastal Shelf Science 29:57-74. 
 
Osterroht, C., K. Kremling, and A. Wenck. 1988. Small scale variations of dissolved organic copper in 
Baltic waters. Marine Chemistry 23:153-165. 
 
Pohl, C., and U. Hennings. 2000. The effect of redox processes on the partitioning of Cd, Pb, Cu, and Mn 
betweenb dissolved and particulate phases in the Baltic Sea. Marine Chemistry 65:41-53. 
 
Shank, G.C., S.A. Skrabal, R.F. Whitehead, and R.J. Kieber. 2004. Strong copper complexation in an 
organic-rich estuary: the importance of allochthonous dissolved organic matter. Marine Chemistry 88:21-
39. 
 
Sholkovitz, E.R. 1978. The flocculation of dissolved Fe, Mn, Al, Cu, Co, and Cd during estuarine mixing. 
Earth and Planetary Science Letters 41:77-86. 
 
Trefry, J.H., M. Sadoughi, M.D. Sullivan, J.S. Steward, and S. Barber. 1983. Trace metals in the Indian 
Lagoon, Florida: The copper story. Florida Science 46:415-427. 
 
Van Den Berg, C.M.G., A.G.A. Mercks, and E.K. Duursma. 1987. Organic complexation and its control of 
the dissolved concentrations of copper and zinc in the Scheldt estuary. Estuarine, Coastal, and Shelf 
Science 24:785-797. 
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Van Geen, A., and A.N. Luoma. 1993. Trace metals (Cd, Cu, Ni and Zn) and nutrients in coastal water 
adjacent to San Francisco Bay, California. Estuaries 16(3A):559-566. 
 
Velasquez, I.B., G.S. Jacinto, and F.S. Valera. 2002. The speciation of dissolved copper, cadmium and zinc 
in Manila Bay, Philippines. Marine Pollution Bulletin 45:210-217.  
 
Windom, H., G. Wallace, R. Smith, N. Dudek, M. Maeda, R. Dulmage, and F. Storti. 1983. Behavior of 
copper in southeastern United States estuaries. Marine Chemistry 12:183-193.  
 

Sediment 
 
Abdallah, M.A.M. 2007. Speciation of trace metals in coastal sediments of El-Mex Bay South 
Mediterranean Sea-West-Alexandria (Egypt). Environmental Monitoring and Assessment 132:111-123. 
 
Allen-Gil, S.M., C.P. Gubala, D.H. Landers, B.K. Lasorsa, E.A. Crecelius, and L.R. Curtis. 1997. Heavy 
metal accumulation in sediment and freshwater fish in U.S. Arctic Lakes. Environmental Toxicology and 
Chemistry 16:733-741. 
 
Ankley, G.T., V.R. Mattson, and E.N. Leonard. 1993. Predicting the acute toxicity of copper in freshwater 
sediments: evaluation of the role of acid-volatile sulfide. Environmental Toxicology and Chemistry 12:315-
320. 
 
Berry, W.J., D.J. Hansen, J.D. Mahony, D.L. Robson, D.M. Di Toro, B.P. Shipley, B. Rogers, J.M. Corbin, 
and W.S. Boothman. 1996. Predicting the toxicity of metal-spiked laboratory sediments using acid-volatile  
sulfide and interstitial water normalizations. Environmental Toxicology and Chemistry 15(2):2067-2079. 
 
Besser, J.M., W.G. Brumbaugh, T.W. May, and C.G. Ingersoll. 2003. Effects of organic amendments on 
the toxicity and bioavailability of cadmium and copper in spiked formulated sediments. Environmental 
Toxicology and Chemistry 22:805-815. 
 
Besser, J.M., C.G. Ingersoll, and J.P. Giesy. 1996. Effects of spatial and temporal variation of acid-volatile 
sulfide on the bioavailability of copper and zinc in freshwater sediments. Environmental Toxicology and  
Chemistry 15:286-293. 
 
Bostrom, K., T. Kraemer, and S. Gartner. 1973. Provenance and accumulation rates of opaline silica, Al, 
Ti, Fe, Mn, Cu, Ni and Co, in Pacific pelagic sediments. Chem. Geol. 11:123-148. 
 
Cairns, M.A., A.V. Nebeker, J.H. Gakstatter, W.L. Griffis. 1984. Toxicity of copper-spiked sediments to 
freshwater invertebrates. Environmental Toxicology and Chemistry 3:435-445. 
 
Cantwell, M.G., and R.M. Burgess. 2001. Metal-colloid partitioning in artificial interstitial waters of 
marine sediments: influences of salinity, pH, and colloidal organic carbon concentration. Environmental  
Toxicology and Chemistry 20(11):2420-2427. 
 
Chester, R., A. Thomas, F.J. Lin, A.S. Basaham, and G. Jacinto. 1988. The solid state speciation of copper 
in surface water particulates and oceanic sediments. Marine Chemistry 24:261-292. 
 
Deaver, E., and J.H. Rodgers, Jr. 1994. Evaluations of bioavailable copper in amended wetland sediments, 
p 226 In Abstracts of the 15th Annual Meeting of the Society of Environmental Toxicology and Chemistry 
(SETAC). 
 
Dicks, D.M., and H.E. Allen. 1983. Correlation of copper distribution in fresh water-sediment system to 
bioavailability. Bulletin of Environmental Contamination Toxicology 30:37-43. 
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El Ghobary, H. 1982. Fe, Mn, Cu, and Zn in interstitial water of near-shore sediments. Marine Geology 
47:M11-M20. 
 
Fairey, R., C. Roberts, M. Jacobi, S. Lamerdin, R. Clark, J. Downing, E. Long, J. Hunt, B. Anderson, J. 
Newman, R. Tjeerdema, M. Stephenson, and C. Wilson. 1998. Assessment of sediment toxicity and 
chemical concentrations in the San Diego Bay region, California, USA. Environmental Toxicology and 
Chemistry 17(8):1570-1581. 
 
Fischer, K., J. Dymond, M. Lyle, A. Soutar, and S. Rau. 1986. The benthic cycle of copper: evidence from 
sediment trap experiments in the eastern tropical North Pacific Ocean. Geochem. Cosmochim. Acta. 
50:1535-1543. 
 
Gerringa, L.J.A. 1990. Aerobic degradation of organic matter and the mobility of Cu, Cd, Ni, Pb, Zn, Fe 
and Mn in marine sediment slurries. Marine Chemistry 29:355-374. 
 
Gerringa, L.J.A., J. Van Den Meer, and G. Cauwet. 1991. Complexation of copper and nickel in the 
dissolved phase of marine sediment slurries. Marine Chemistry 36:51-70. 
 
Goh, B.P.L., and M.L. Chou. 1997. Heavy metal levels in marine sediments of Singapore. Environmental 
Monitoring and Assessment 44:67-80.  
 
Hansen, D.J., W.J. Berry, J.D. Mahony, W.S. Boothman, D.M. Di Toro, D.L. Robson, G.T. Ankley, D. Ma,  
Q. Yan, and C.E. Pesch. 1996. Predicting the toxicity of metal-contaminated field sediments using 
interstitial concentration of metals and acid-volatile sulfide normalizations. Environmental Toxicology and 
Chemistry 15(12):2080-2094. 
 
Hassan, S.M., A.W. Garrison, H.E. Allen, D.M. Di Toro, and G.T. Ankley. 1996. Estimation of partition 
coefficients for five trace metals in sandy sediments and application to sediment quality criteria. 
Environmental Toxicology and Chemistry 15(12):2198-2208. 
 
Heggie, D., G. Klinkhammer, and D. Cullen. 1987. Manganese and copper fluxes from continental margin 
sediments. Geochem. Cosmochim. Acta 51:1059-1070. 
 
Helland, A., and T. Bakke. 2002. Transport and sedimentation of Cu in a microtidal estuary, SE Norway. 
Marine Pollution Bulletin 44:149-155. 
 
Jin, S., J.I. Drever, and P.J.S. Colberg. 2007. Effects of copper on sulfate reduction in bacterial consortia 
enriched from metal-contaminated and uncontaminated sediments. Environmental Toxicology and 
Chemistry 26:225-230. 
 
Klinkhammer, G., D.T. Heggie, and D.W. Graham. 1982. Metal diagenesis in oxic marine sediments. Earth 
and Planetary Science Letters 61:211-219.  
 
Klinkhammer, G.P. 1980. Early diagenesis in sediments from the Eastern Equatorial Pacific, II. Pore water 
metal results. Earth and Planetary Science Letters 49:81-101.  
 
Landing, W.M., and R.A. Feely. 1981. The chemistry and vertical flux of particles the Northeastern Gulf of 
Alaska. Deep-Sea Research 28A:19-37. 
 
Mahony, J.D., D.M. Di Toro, A.M. Gonzalez, M. Curto, M. Dilg, L.D. De Rosa, and L.A. Sparrow. 1996. 
Partitioning of metals to sediment organic carbon. Environmental Toxicology and Chemistry 15(12):2187-
2197. 
 
Malueg, K.W., G.S. Schuytema, and D.F. Krawczyk. 1986. Effects of sample storage on a copper-spiked 
freshwater sediment. Environmental Toxicology and Chemistry 5:245-253. 
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Malueg, K.W., G.S. Schuytema, D.F. Krawczyk, and J.H. Gakstatter. 1984. Laboratory sediment toxicity 
tests, sediment shemistry and distribution of benthic macroinvertebrates in sediments from the Keweenaw 
Waterway, Michigan. Environmental Toxicology and Chemistry 3:233-242. 
 
Markwiese, J.T., J.S. Meyer, and P.J.S. Colberg. 1998. Copper tolerance in iron-reducing bacteria: 
implications for copper mobilization in sediments. Environmental Toxicology and Chemistry 17:675-678. 
 
Riba, I., T.A. Del Valls, J.M. Forja, and A. Gómez-Parra. 2004. The influence of pH and salinity on the 
toxicity of heavy metals in sediment to the estuarine clam Ruditapes philippinarum. Environmental 
Toxicology and Chemistry 23:1100-1107. 
 
Rivera-Duarte, I., and A.R. Flegal. 1997. Porewater gradients and diffusive benthic fluxes of Co, Ni, Cu, 
Zn, and Cd in San Francisco Bay. Analytica Chimica Acta 70:389-417. 
 
Rule, J.H., and R.W. Alden, III. 1996. Interactions of Cd and Cu in anaerobic estuarine sediments. II. 
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