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How Effective is Ballast
Exchange?

Open ocean ballast water exchange (BWE) is at present
the only IMO recommended technigue to reduce the risk
of ballast-mediated marine bio-invasions. The premise
for advocating BMVE is that it may replace any entrained
coastal species with oceanic species that are ill-adapted
for survival in near-shore environments. Moreover, where
harbors are riverine ar estuarine, the osmotic stress of
salinity change following BWE is perceived to act as a
biocide. The urgent need to control ballast-mediated
invasions prompted the maritime industry and legislators
to adopt BWE without rigorously testing its effectiveness
in terms of eliminating ballast-entrained biota.

Early BWE evaluations used surrogate measurements.
Rhodamine dye was used to study the effectiveness of
BWE aboard a bulk carrier, resulting in an estimate that
only 5% of the original ballast water remained after
exchanging three tank volumes (1). An assumption
underlying the above experiment was that ballast-
entrained biota is diluted at the same rate as tank water.
Recent studies of BWE effectiveness relative to a variety
of organisms in various vessel types have not borne that
assmption out.

A study of BWE aboard oil-tankers, utilizing Rhodamine
dye and 1p fluorescent microspheres, showed that
thaugh empty-refill is more efficient than flow-through
in removing inert particles, efficiency of biotic removal
varies significantly among voyages and taxa (2). Even
with BWE dilution efficiency =99%, “The decline in the
abundance of each of several indicator taxa after open
ocean exchanges contrasted with a less effective
reduction {i.e., 54%-58%) in the total number of source
port taxa” (3). A study of ballast exchange aboard a
container vessel found that although tracer dye dilution
efficiency was greater than 90%, much of the entrained
phyto- and zooplankton were retained (4). Following
mid-ocean empty-refill ballasting in a coal carrier, the
plankton assemblage represented less than 2% of the
density but nearly 40% of the taxa initially ballasted (5).
Open-ocean empty-refill ballasting in 14 newly-built
container vessels, resulted in 15 harmful diatoms and
dincflagellate species being found in non-reballasted
tanks, whereas eight species were found in reballasted
tank, though their abundance was 87% lower than in
non-reballasted tanks (6)

In alder vessels biotic efficacy of BWE is nearly halved,
with only 48% remowval of diatoms and dinoflagellates
(7). BWE within a regional sea is even less effective: the
diversity of diatoms and dinoflagellates increased in 69%
and 85% of cases, and abundance increased in 31% and
B85% of cases, following BWE (8), and whereas the
abundance of zooplankton did not change, its diversity
increased following exchange (9). Taking into account
the results of recent research, it is clear that *[I]n some
cases the process of exchange may present an even
worse scenario than discharging the residual originally
ballasted organisms” (10).

Ballast-associated sediments have been long implicated
in marine bic-invasions (11). Some vessels accumulate
tens of tonnes of sediments that contain their own biota
{12; 13). The transport of viable toxic dinoflagellate cysts
in ballast sediments is of great concern: 685% of 3243
cargo vessels surveyed in Australia carried sediments in
their ballast tanks, of which half as many contained
dinoflagellate cysts (14). Cysts have also been recorded in
ballast tank sediments of vessels arriving in Canada, New
Zealand, U.K. and U.5.A {15). Heterotrophic protist
communities, some of great diversity, were also

identified in all sediment samples collected from
container vessel ballast tanks {16). It has been established
that BWE "may not been quite so effective with benthic
taxa, unless the sediments deposited in the tanks are
removed at the same time as the water is
exchanged”(17). In addition, it has been postulated that
at least part of the biota that avoids dilution during BWE
rermains in the residual water and sediment, and that
BWE may provide the retained organisms with fresh
supplies of oxygen and food.

BWE is believed to be most effective when the salinity
differential is greatest. Yet, living rotifers and cyclopoid
calanoid copepods were found in eight of the 24
sampled vessels entering the Great Lakes and originating
in fresh or brackish water ports that reported saltwater
BWE (18). K has been demonstrated that marine p;’ntists
are capable of surviving over four weeks in fresh water,
and suffer no ill effects when restored to seawater (19),
As protists form a major component of marine microbial
food webs and may have significant impacts on total
food web structure their survival may be instrumental in
supporting complex ballast-entrained food webs.

Very few studies have directly measured the efficacy of
BWE, and those few were biased by the taxa sampled
and vessel type. All but three studies were carried out
aboard bulk carriers that tend to exchange all or most
their ballast in one operation, rgther than on container
vessels which have a complex ballast history. Most
studies sampled only plankton, though many successful
invaders are benthic species. Yet, even those studies
raised questions as to the reliability of BWE as an
effective control measure: “[Ijt is widely agreed that the
current exchange practice, with the limitations of current
ship design, is inadequate” (20).

Given these reservations the IMO Ballast Water Working
Group agreed that “Ballast Water Exchange should be
regarded as an interim measure only and that the aim is
to produce safe and more effective alternative ballast
water treatment options that will replace Ballast Water
Exchange® {MEPC 46/3 2000).
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