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Mine Waste Disposal
in the Ocean
An Introduction
b y Gr e g g J . Br u n s k i l l

This introduction launches a series of articles on mine waste disposal in the ocean.
Two articles follow in this issue and more
articles will be printed in coming issues.
Could we, should we, knowingly pollute
the world ocean? It’s easy to think that
the ocean is awfully big, and maybe no
one will notice. Unfortunately, it’s too
late to debate this ethical issue—we’ve
already done it (Thiel, 2003; report on
2011 “State of the Ocean” workshop at
http://www.stateoftheocean.org/ipso2011-workshop-summary.cfm).
Tetraethyl-Pb added to transport
fuels changed the concentrations and
isotopic ratios of Pb in the entire surface
ocean and the polar ice caps (Nriagu and
Pacyna, 1988; Patterson and Settle, 1990;
Kitman, 2000). DDT, dioxins, PCBs,
and other deleterious anthropogenic
contaminants have reached the deep sea
and polar ice sheets (Dachs et al., 1999;
Geisz et al., 2008). Anthropogenic fossil
fuel combustion-derived carbonic acid is
now titrating the carbonate alkalinity of
the world ocean (Sabine et al., 2004).
The mining industry has a long
(5,000-year) history of polluting local
soils and water, and we can detect contaminant Pb, Hg, and other elements
from mining operations in earlier
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millennia (Hutchinson, 1970; Abbot
and Wolfe, 2003; Lee et al., 2008; Elbaz-

Much of this waste is temporarily stored
on land in pits, but gravity will eventu-

Poulichet et al., 2011). Now, the modern
mining industry is seriously proposing
that it is better to dump mine wastes
into the coastal and deep sea rather than
to contain them in engineered tailings
ponds on the land near the mine hole
or refinery (Ellis and Robertson, 1999;
Ellis, 2008). Marine waste disposal is certainly cheaper and quicker. Because most
of this intentional pollution expanded
greatly during our post-World War II
generation, I suspect our descendants
will look back at our culture with disappointment. We are the children of the
Anthropocene (Zalasiewicz et al., 2011),
and we should figure out a way to do
better for future generations (Ehernfeld,
2009; Vidas, 2011).
Human technology moves more dirt
and rocks around than natural river erosion transport to the sea. Global mine
waste rock and tailings annual production are estimated to be somewhere
between 5 and 50 × 1015 g yr –1 (Douglas
and Lawson, 2000; Schwarzenbach
et al., 2010). That figure is about
210–2,100 million rock-loaded rail/truck
containers per year—a rock-loaded train
length in excess of 1.5 million km, or the
weight of 7.4 billion Boeing 747 aircraft.

ally take this metal-rich waste downslope
to the sea. Annual river transport of
sediment to the sea is estimated by Li
(2000) and Syvitski and Kettner (2011)
as 12–15 × 1015 g yr –1. If any large fraction of this exponentially increasing
mine waste/tailings were to be delivered
to the world’s continental shelves, they
would approximately double natural
sedimentation rates.
According to Rauch and Pacyna
(2009), the mining industry has
increased by 50% the mobilization of
natural Ag, Al, Cr, Cu, Fe, Ni, Pb, and
Zn cycles in the biosphere. It would
appear that this problem is not small or
local. Evidence is accumulating that, in
addition to dust, trace elements are supplied to the open ocean via horizontal
transport from metal-rich continental
shelves and slopes (Elrod et al., 2008;
Cullen et al., 2009; Slemons et al., 2010;
Misumi et al., 2011). Increases in the
supply of coastal shelf and slope iron
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to the open ocean might be beneficial
for productivity, but augmented supply
rates of Hg, Pb, Cr, Cd, and As might be
deleterious for marine biota or human
harvest of seafood. Would you like a little
more mercury and arsenic in your tuna
salad? As with global greenhouse gas
impacts on our ocean (Falkowski et al.,
2000), metals and other contaminants
from mine wastes dumped into the sea
are likely to be globally dispersed in dissolved and particulate form by world
oceanic currents and the relentless tides.
Rather than extracting metals only
from new mining efforts, it would seem
more energy and metal efficient to mine
the municipal waste dump sites in cities,
and to manufacture metallic goods so
that valuable minerals can be easily recycled for centuries to come (Müller et al.,
2006; Braungart and McDonough, 2009;
Brunner, 2011; Graedel and Cao, 2010;
Graedel et al., 2011; Liu et al., 2011;
Reuter, 2011; Schnoor, 2011; Zhang
et al., 2012). It also seems likely that old
land-based mine waste piles will become
valuable sites for recovery of new minerals needed for the post-fossil-fuel, decarbonized era (Gerst and Graedel, 2008;
Pickard, 2008). It is often claimed that
these mine and refinery wastes are environmentally harmless. If so, the wastes
should be put to work as road base,
concrete, and bricks, and, for ultramafic
minerals, used for atmospheric and plant
CO2 sequestration (Pronost et al., 2011).
Perhaps the deleterious human health
and ecosystem impacts would be better
controlled in the midst of millions of
humans in large cities?
The ethics of scientific involvement
in evaluating environmental impact of
mining and other developments follow pathways of conflict. The social and

economic engines of progress demand
more and more coal, oil, steel, aluminium, copper, nickel, gold, silver, and rare
earth elements to build more and more
computers, iPods, airplanes, and military
weapons. Government geological survey
agencies provide surveys and exploration
to find hot spots of mineral resources.
Mining companies are happy to provide
the minerals necessary for consumers, if their profits are large. The miners
are supplying the demand for mineral

mining activities on regional economic
development, ecosystems, and local people (McGarity, 2004; Mirowski, 2011).
Environmental impact statements
for industrial development (mining)
projects are usually evaluated by the
host country government agencies
responsible for economic development,
occupational health and safety, cash flow,
mining and mineral policy, and, sometimes, environmental impacts related
to the local people and ecosystems. In

“

…the modern mining industry is seriously
proposing that it is better to dump mine wastes
into the coastal and deep sea rather than to
contain them in engineered tailings ponds on
the land near the mine hole or refinery.

resources from the wealthy, developed
USA, Europe, China, and India, but the
minerals increasingly come from lesserdeveloped countries with ineffective
regulatory and environmental standards.
This often results in exploitation of the
poor to provide wealth for the industrialized countries (Ali, 2009; Mouhot, 2011).
Academic scientists, consulting companies, and engineers are paid by the mining companies to conduct environmental
impact studies (EISs) designed to show
that mining developments will meet the
legal and environmental standards of
the host countries (Radder, 2010). If we
are fortunate, an EIS is done (and made
public) before a development begins, and
it attempts to predict the impact of the

”

most cases, inadequate information is
provided by the EIS, the evaluating agencies rarely have the expertise to do their
jobs, and often the local people are not
consulted until after the development
permits are granted. Eventually and
quietly, permits for mining and tailings
contamination of the region are issued,
in expectation of national income from
taxes. The mining companies and prodevelopment governments emphasize
the provision of jobs, training, and
improved local facilities, and quietly
indicate that the local people have to
give away some of their land and sea
tenure rights, and environmental quality (Shellenberger and Nordhaus, 2007;
McGarity and Wagner, 2008). Before and
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after mining developments, environmental costs and ecosystem losses are rarely
measured and subtracted from the profits of the mining companies.
Local people who are affected by the
mining may hire lawyers and their own
environmental consultants to review
the situation, often with involvement
of independent scientists with local
expertise and local seafood-dependant
villages. Quite frequently, there are
two camps of local people: those who
may benefit from the mining development, and those who will be deleteriously affected by the development. In
the midst of this social, economic, and
regional development conflict, now
appear two groups of scientists, often
presenting conflicting evidence on the
impact of the mining development on
coastal and deep seas. The consultants
paid by the mining companies usually
bias their reports in support of development, whereas the independent scientists
and nongovernmental organizations
usually bias in favor of natural ecosystem
protection and local community rights
(Wagner and Steinzor, 2006; Oreskes and
Conway, 2010). In many cases, international, national, and local law and court
systems are inadequate to deal with this
problem (Ruggie 2008, 2011). In lessdeveloped countries that host mining
developments, the minerals and profits
go to London, New York, Toronto, and
Beijing, not to the local people, who
are left with decades or centuries of
environmental problems. And therein
lies the problem.
A series of occasional papers, starting in this issue of Oceanography, will
provide some examples of mine wastes
deposited in coastal and deep seas as
well as associated legal, ecological,
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toxicological, and engineering problems
(Edinger, 2012, in this issue; Koski,
2012, in this issue). Most past mine
waste pollution problems have occurred
in shallow coastal seas, but in the past
decade, miners have begun to propose
and build submarine pipelines to dispose
of mine and refinery wastes in deeper
water below the coastal mixed layer
(100–1,000 m depth). It is a big challenge
for marine chemists and ecotoxicologists to predict the impact of refinery
tailings in submarine canyons and on
continental slopes. Mine waste disposal
engineers like to refer to the practice as
“deep sea tailings placement,” or DSTP
(Ellis, 2008); however, this is not really
the deep sea but rather the outer shelf or
continental slope. The word “placement”
is also inappropriate—it implies that the
mine waste will rest on the seafloor in
a discrete pile and not be transported
along the coast by currents and tides in
particulate and dissolved form. It is clear
that the time for scrutiny of proposals
for mine waste disposal into the sea is
well before the permit is issued. Once the
waste is in the sea, there is no chance of
recovery of valuable metals in the waste
nor of ecological remediation over the
following century.

Reference s

Abbott, M.B., and A.P. Wolfe. 2003. Intensive
pre-Incan metallurgy recorded by lake
sediments from the Bolivian Andes.
Science 301:1,893–1,895, http://dx.doi.org/
10.1126/science.1087806.
Ali, S.H. 2009. Treasures of the Earth: Need, Greed,
and a Sustainable Future. Yale University Press,
New Haven, CT, 304 pp.
Braungart, M., and W. McDonough. 2009. Cradle
to Cradle: Remaking the Way We Make Things.
The Random House Group, 208 pp.
Brunner, P.H. 2011. Urban mining: A contribution
to reindustrializing the city. Journal of Industrial
Ecology 15(3):339–341, http://dx.doi.org/
10.1111/j.1530-9290.2011.00345.x.

Cullen, J.T., M. Chong, and D. Ianson. 2009.
British Columbian continental shelf as a
source of dissolved iron to the subarctic
Northeast Pacific Ocean. Global Biogeochemical
Cycles 23, GB4012, http://dx.doi.org/
10.1029/2008GB003326.
Dachs, J., J.M. Bayona, V. Ittekkot, and
J. Albaiges. 1999. Monsoon-driven vertical fluxes of organic pollutants in the western Arabian Sea. Environmental Science &
Technology 33:3,949–3,956, http://dx.doi.org/
10.1021/es990200e.
Douglas, I., and N. Lawson. 2000. Material flows
due to mining and urbanization. Pp. 351–364
in A Handbook of Industrial Ecology. R.U. Ayers
and L.W. Ayers, eds, Edward Elgar Publications,
Cheltenham, UK/Northampton, MA.
Elbaz-Poulichet, F., L. Dezileau, R. Freydier,
D. Cossa, and P. Sabatier. 2011. 3500-year
record of Hg and Pb contamination in a
Mediterranean sedimentary archive (The
Pierre Blanche Lagoon, France). Environmental
Science & Technology 45:8,642–8,647, http://
dx.doi.org/10.1021/es2004599.
Edinger, E. 2012. Gold mining and submarine tailings disposal: Review and case
study. Oceanography 25(2):184–199, http://
dx.doi.org/10.5670/oceanog.2012.54.
Ehrenfeld, D. 2009. Becoming Good Ancestors:
How We Balance Nature, Community, and
Technology. Oxford University Press, 320 pp.
Ellis, D. 2008. The role of deep submarine tailings placement (STP) in the mitigation of
marine pollution for coastal and island mines.
Chapter 1 in Marine Pollution: New Research.
T.N. Hofer, ed., Nova Science Publishers.
Ellis, D.V., and J.D. Robertson. 1999. Underwater
placement of mine tailings: Case examples
and principles. Pp. 123–141 in Environmental
Impacts of Mining Activities: Emphasis on
Mitigation and Remedial Measures. J.M. Azcue,
ed., Springer.
Elrod, V.A., K.S. Johnson, S.E. Fitzwater, and
J.N. Plant. 2008. A long-term, high-resolution
record of surface water iron concentrations in
the upwelling-driven central California region.
Journal of Geophysical Research 113, C11021,
http://dx.doi.org/10.1029/2007JC004610.
Falkowski, P., R.J. Scholes, E. Boyle, J. Canadell,
D. Canfield, J. Elser, N. Gruber, K. Hibbard,
P. Hogberg, S. Linder, and others. 2000. The
global carbon cycle: A test of our knowledge of
Earth as a system. Science 290:291–296, http://
dx.doi.org/10.1126/science.290.5490.291.
Geisz, H.N., R.M. Dickhut, M.A. Cochran,
W.R. Fraser, and H.W. Ducklow. 2008. Melting
glaciers: A probable source of DDT to the
Antarctic marine ecosystem. Environmental
Science & Technology 42:3,958–3,962, http://
dx.doi.org/10.1021/es702919n.

Gerst, M.D., and T.E. Graedel. 2008. In-use
stocks of metals: Status and implications. Environmental Science &
Technology 42:7,038–7,045, http://dx.doi.org/
10.1021/es800420p.
Graedel, T.E., and J. Cao. 2010. Metal spectra as
indicators of development. Proceedings of the
National Academy of Sciences of the United
States of America 107: 20,905–20,910, http://
dx.doi.org/10.1073/pnas.1011019107.
Graedel, T.E., J. Allwood, J.-P. Birat, M. Buchert,
C. Hagelüken, B.K. Reck, S.F. Sibley, and
G. Sonnemann. 2011. What do we know about
metal recycling rates? Journal of Industrial
Ecology 15(3):355–366, http://dx.doi.org/
10.1111/j.1530-9290.2011.00342.x.
Hutchinson, G.E., ed. 1970. Ianula: An account
of the history and development of the Lago di
Monterosi, Latium, Italy. Transactions of the
American Philosophical Society, vol. 60, 178 pp.
Kitman, J.L. 2000. The secret history of lead. The
Nation. March 20, 2000, http://www.thenation.
com/article/secret-history-lead.
Koski, R.A. 2012. Metal dispersion resulting from mining activities in coastal
environments: A pathways approach.
Oceanography 25(2):170–183, http://
dx.doi.org/10.5670/oceanog.2012.53.
Lee, C.S.L., S. Qi, G. Zhang, C. Luo, L.Y.L. Zhao,
and X. Li. 2008. Seven thousand years of records
on the mining and utilization of metals from
lake sediments in Central China. Environmental
Science & Technology 42:4,732–4,738, http://
dx.doi.org/10.1021/es702990n.
Li, Yuan-Hui. 2000. A Compendium of
Geochemistry: From Solar Nebula to the Human
Brain. Princeton University Press, 475 pp.
Liu, G., C.E. Bangs, and D.B. Müller. 2011.
Unearthing potentials for decarbonizing the
US aluminum cycle. Environmental Science &
Technology 45:9,515–9,522, http://dx.doi.org/
10.1021/es202211w.
McGarity, T.O. 2004. Sophisticated Sabotage:
The Intellectual Games Used to Subvert
Responsible Regulation. Environmental Law
Institute, 265 pp.
McGarity, T.O., and W.E. Wagner. 2008. Bending
Science: How Special Interests Corrupt Public
Health Research. Harvard University Press,
400 pp.
Mirowski, P. 2011. Science-Mart: Privatizing
American Science. Harvard University Press,
464 pp.
Misumi, K., D. Tsumune, Y. Yoshida, K. Uchimoto,
T. Nakamura, J. Nishioka, H. Mitsudera,
F.O. Bryan, K. Lindsay, J.K. Moore, and
S.C. Doney. 2011. Mechanisms controlling dissolved iron distribution in the North
Pacific: A model study. Journal of Geophysical
Research 116, G03005, http://dx.doi.org/
10.1029/2010JG001541.

Mouhot, J.-F. 2011. Past connections and present
similarities in slave ownership and fossil fuel
usage. Climate Change 105:329–355, http://
dx.doi.org/10.1007/s10584-010-9982-7.
Müller, D.B., T. Wang, B. Duval, and T.E. Graedel.
2006. Exploring the engine of anthropogenic iron cycles. Proceedings of the National
Academy of Sciences of the United States of
America 10:16,111–16,116 http://dx.doi.org/
10.1073/pnas.0603375103.
Nriagu, J.O., and J.M. Pacyna. 1988. Quantitative
assessment of worldwide contamination of air, water, and soils by trace metals.
Nature 333:134–139, http://dx.doi.org/
10.1038/333134a0.
Oreskes, N., and E.M. Conway. 2010. Merchants of
Doubt: How a Handful of Scientists Obscured the
Truth on Issues from Tobacco Smoke to Global
Warming. Bloomsbury, New York, 365 pp.
Patterson, C.C., and D. Settle. 1990. Review of data
on eolian fluxes of industrial and natural lead to
the lands and seas in remote regions on a global
scale. Marine Chemistry 22:137–162, http://
dx.doi.org/10.1016/0304-4203(87)90005-3.
Pickard, W.F. 2008. Geochemical constraints
on sustainable development: Can an
advanced global economy achieve longterm stability? Global and Planetary
Change 61:285–299, http://dx.doi.org/10.1016/
j.gloplacha.2007.10.005.
Pronost, J., G. Beaudoin, J. Tremblay,
F. Larachi, J. Duchesne, R. Hébert, and
M. Constantin. 2011. Carbon sequestration
kinetic and storage capacity of ultramafic
mining waste. Environmental Science &
Technology 45:9,413–9,420, http://dx.doi.org/
10.1021/es203063a.
Radder, H., ed. 2010. The Commodification of
Academic Research: Science and the Modern
University. University of Pittsburgh Press,
Pittsburgh, 360 pp.
Rauch, J.N., and J.M. Pacyna. 2009. Earth’s global
Ag, Al, Cr, Cu, Fe, Ni, Pb, and Zn cycles. Global
Biogeochemical Cycles 23, GB2001, http://
dx.doi.org/10.1029/2008GB003376.
Reuter, M.A. 2011. Limits of design for recycling and “sustainability”: A review. Waste
and Biomass Valorization 2:183–208, http://
dx.doi.org/10.1007/s12649-010-9061-3.
Ruggie, J. 2008. Protect, respect and remedy:
A framework for business and human rights.
Report of the Special Representative of the
United Nations Secretary-General on the issue
of human rights and transnational corporations
and other business enterprises. A/HRC/8/5.
Ruggie, J. 2011. Report of the Special
Representative of the United Nations SecretaryGeneral on the issue of human rights and
transnational corporations and other business enterprises. Guiding Principles on
Business and Human Rights: Implementing
the United Nations “Protect, Respect and

Remedy” Framework. UN Publication A/
HRC/17/31, http://www.ohchr.org/EN/Issues/
TransnationalCorporations/Pages/Reports.aspx.
Sabine, C.L., R.A. Feely, N. Gruber, R.M. Key,
K. Lee, J.L. Bullister, R. Wanninkhof, C.S. Wong,
D.W.R. Wallace, B. Tilbrook, and others. 2004.
The oceanic sink for anthropogenic CO2.
Science 305:367–371, http://dx.doi.org/10.1126/
science.1097403.
Schnoor, J.L. 2011. The calculus of unsustainability.
Environmental Science & Technology 45:10,289,
http://dx.doi.org/10.1021/es2038118.
Schwarzenbach, R.P., T. Egli, T.B. Hofstetter,
U. von Gunten, and B. Wehrli. 2010.
Global water pollution and human health.
Annual Reviews of Environment and
Resources 35:109–136, http://dx.doi.org/
10.1146/annurev-environ-100809-125342.
Shellenberger, M., and T. Nordhaus. 2007. Break
Through: From the Death of Environmentalism
to the Politics of Possibility. Houghton Mifflin,
256 pp.
Slemons, L.O., J.W. Murray, J. Resing, B. Paul,
and P. Dutrieux. 2010. Western Pacific coastal
sources of iron, manganese, and aluminum
to the Equatorial Undercurrent. Global
Biogeochemical Cycles 24, GB3024, http://
dx.doi.org/10.1029/2009GB003693.
Syvitski, J.P.M., and A. Kettner. 2011. Sediment
flux and the Anthropocene. Philosophical
Transactions of the Royal Society A 369:957–975,
http://dx.doi.org/10.1098/rsta.2010.0329.
Thiel, H. 2003. Anthropogenic impacts on the deep
sea. Pp. 427–471 in Ecosystems of the World,
Ecosystems of the Deep Ocean. P.A. Tyler, ed.,
Elsevier, Amsterdam.
Vidas, D. 2011. The Anthropocene and the international law of the sea. Philosophical Transactions
of the Royal Society A 369:909–925, http://
dx.doi.org/10.1098/rsta.2010.0326.
Wagner, W., and R. Steinzor, eds. 2006. Rescuing
Science from Politics: Regulation and the
Distortion of Scientific Research. Cambridge
University Press, 332 pp.
Zalasiewicz, J., M. Williams, A. Haywood, and
M. Ellis, eds. 2011. The Anthropocene: A New
Epoch of Geological Time? Philosophical
Transactions of the Royal Society A 369:835–841,
http://dx.doi.org/10.1098/rsta.2010.0339.
Zhang, L., Z. Yuan, and J. Bi. 2012. Estimation
of copper in-use stocks in Nanjing, China.
Journal of Industrial Ecology 16:191–202, http://
dx.doi.org/10.1111/j.1530-9290.2011.00406.x.

Oceanography

| June 2012

169

