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Abstract

The Port of Santos, the largest and fastest growing seaport in Brazil, lies within a
sheltered, mangrove-lined estuary. The movement of dangerous chemicals is a
hazardous activity which could generate severe negative socio-environmental
impacts. From an ecosystem perspective, the port may be perceived as part of an
integrated web of economic, ecological, legal, social systems and not as a mere
industrial complex, isolated from the sensitive ecosystems surrounding it; or
from the people who work in and reside in the region. We emphasize the
integrated concept of humans-in-nature, adopting the view that the distinction
between social and natural systems is artificial and arbitrary. This paper presents
an assessment of the linkages between the causes and consequences of
environmental incidents which occurred between 1980 and 2006; a period during
which 108,934 ships berthed. Four hundred and twenty-four entries were
compiled from CETESB’s (the Environmental Agency of Sdo Paulo State),
CODESP’s (the port authority) and ABTL’s (the Brazilian Association of Liquid
Bulk Terminals) database. The results demonstrate that maritime transport
accounted for the great majority of the spills which were mainly provoked by
operational failures. Marine fuel oils (bunkers) were released more frequently
than any other chemical substance and in the majority of the cases, the oil spread
well beyond the spill site, impacting the health and safety of people and
ecosystems of the region. The preventive and corrective actions which were
taken had positive effects, highlighting the importance of enhancing resilience to
reduce impacts and accelerate recovery.

Keywords: risk management, oil and chemical spills, ecosystemic point of view,
Port of Santos, Brazil.
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1 Introduction

We have much to learn regarding environmental incidents — mainly the major
incidents in ports — in order to improve scientific and technical knowledge to
support planning, enforcement, prevention and response actions; as well as to
protect ecologically susceptible areas. It is essential to review the past to better
understand the present in order to minimize risk, facilitate safe and productive
operations and accelerate natural recovery after an incident.

Proactive prevention based on experience provides protection from inherent
risks and addresses coastal vulnerabilities to reduce or mitigate impacts. A
characteristic of a resilient community is that it learns from past experience and
adapts to change based on lessons learned. Prevention, based on experience is
beneficial to the coastal management as well as to the general public. Prevention
is not only common sense; it makes economic sense.

The Port of Santos, the biggest in Brazil, a gateway to the most heavily
industrialized southwest and central-west regions is located in the Brazilian
central coast (25° 53’ South 46° 19°West) 90 km from S3o Paulo city, the
economic capital of the country (Fig.1).
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Figure 1: Port of Santos localization.

Today, the port has a yearly throughout volume of more than 42 millions tons
of diverse cargoes within its 12 km wharf (both margins) of public and private
terminals. These include dry bulk, liquid bulk, such as chemicals and
petrochemicals substances, vehicles and passengers.

Port development has had serious environmental impacts because the area is
located within a well-sheltered estuary region dominated by mangrove forests
that are the core of a very sensitive aquatic ecosystem that has substantial
ecological and socioeconomic values.

Incidents are unavoidable; there are inherent risks involved in any marine
operation. Numerous oil and chemical spills have occurred in this region (mainly
during the 1980s) from pipelines, chemical and petrochemical terminals, ships
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and barges. These have had significant negative consequences to human lives
and to the quality of the marine environment.

The analysis presented aims to help reduce risks of incidents and improve the
system by discussing the causes and consequences of environmental incidents
within the spatial domain of the port region of Santos from 1980 to 2006. Long-
term analysis allows a better understanding of the evolving dynamics of a busy
and expanding port. An integrated perspective that includes public policies and
legal framework and economic development recognizes the interdependence of
the natural, social and political domains.

The results reveal long-term trends useful for contingency planning,
emergency response planning and coastal management. This knowledge may be
used to avoid marine pollution by identifying flaws and imperfections in decision
making processes; including operational gaps, mistakes and unexpected
outcomes. By addressing weaknesses and replicating effective practices, risks
and vulnerabilities could be reduced; accelerating emergency responses and
speeding recovery, that is, the system’s resilience and robustness.

2 Methods and procedures

CETESB, the environmental authority of the Sdo Paulo State, maintains a
regional database of accidental oil and chemical spills from tankers, combined
carriers, barges, chemical and petrochemical terminals, pipelines, road and
railway transports. This database is used to generate statistics on numbers and
size of spills, the kind of products spilled and causes.

Similar work has been done by CODESP, the port authority of the Sdo Paulo
State, for port operations, and by ABTL, association of the Brazilian liquid bulk
terminals, involving chemical and petrochemical incidents. CETESB, CODESP
and ABTL's database were the source of the information used to study the causes
and consequences of discharges in the port region of Santos from 1980 to 2006.

This research builds upon earlier work done in 2000 to study the
environmental impacts of the largest oil maritime terminal in the Brazilian coast
(the Sdo Sebastido Terminal from 1974 to 1999) which receives almost 51% of
all the crude oil that enters the country. This terminal is located in the coast of
Sdo Paulo but is further north. In both instances, the number of the occurrences
was normalized in accordance with the yearly number of berthed ships during
the study period.

Here, the occurrences are classified based on the source of the discharges, as
maritime transport (tankers, other kind of vessels, barges, and tugboats),
chemical and petrochemical terminals, container terminals, public and private
port, pipelines and slicks of those of unknown origin (mysterious spills or
unidentified source). The failure modes’ classification was operational,
mechanical and natural causes among others.

Consequences studied physical and chemical properties of oil and other
hazard and noxious substances, which leakage can create hazards to human
health, to harm living resources and marine life and other uses of the estuary. The
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amount of oil and chemical spilt, slicks displacement in Santos’ Port Channel,
human and aquatic toxicity and socioenvironmental impacts.

The following bibliography references were consulted as theoretic
background: Branco [1], Kennish [13], Schaeffer-Novelli [19], Capra [2],
Kasperson et al. [12], Christou [5], Poffo [18], Leschine [14], Nardocci [17] and
Lovelock [16]. And also basically the websites of: GESAMP (the Group of
Experts on Scientific Aspects of Marine Environment Protection) [7], USEPA
(Environmental Protection Agency of United States of America), IMO
(International Maritime Organization) [10], ITOPF (International Tankers
Owners Pollution Federation) [11] and Brazilian national webs.

3 Results

The total number of occurrences in these 27 years was 424, during which time
108,934 ships berthed in the Port of Santos. Analyzing the data, a variation in the
record number is observed (table 1).

Table 1: General relation of the causes of the occurrences by source.

Period Reg. Norm Cont P&P Pipe Chem. Vessel Nold.

number Term.  ports Term. spots
1980 0,77 0
1984 11 0 0 3 2 6
1985 5,38 7
1989 101 4 7 1 25 57
1990 2,95 15
1994 55 2 4 3 14 17
1995 2,42 8
1999 48 2 3 2 8 25
2000 6,86 83
2004 154 12 14 0 12 33
2005 4,93 23
2006 55 10 5 0 3 14
Total 424 3,89 30 33 9 64 152 136

Legend: Reg.: register number;, Norm. number: normalized data; Cont.term.:
containers terminals, P&P ports: public and private ports; Pipe: pipelines;
Chem. term.: chemical and petrochemical terminals; Vessels: any kind of vessels
and No Id. Spots: spots of unknown origin (mysterious spills).

This variability can be explained considering the port as an action arena
where the situation evolves from the interplay of economic, ecological, legal and
social factors. For example, the number of occurrences was low between 1980
and 1984 when reporting requirements were weak, and there was poor reporting,
particularly for small spills (less than 1 m?).

Between 1990 and 2000 occurrences remained low although two important
events took place: a large administrative change in port management because of
a new law (popularly referred to as the Ports Law), which increased vigilance
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and enforcement, and the introduction of the CETESB’s Risk Management
Program for some chemical and petrochemical terminals in this region.

During the Brazilian economical and industrial growth program (1985/1990),
the number of berthed ships and cargo movements increased and concurrently
the MARPOL Convention became internalized in the Brazilian legislation. The
enforcement increased but occurrences increased. They increased again after
2000 during a new economic boom, in spite of the implementation of a new
environmental law created (“the law of the oil spills”- n. 9,966/2000).

This law was enacted following one of the worst oil spills on the Brazilian
coast which took place in Guanabara Bay, Rio de Janeiro, RJ, (January 2000).
The law, based on the OPRC 90 Convention, orders the immediate reporting of
any kind of oil spill or amount of spill, to the navy and environmental
authorities, also orders the oil spills’ contingency planning and improvements in
facilities response capacity and the fines became very hard to the polluters.

Detailing these general statistics based on the source of the spills, figure 2
shows that the majority are associated with vessels’ spills (36%) and to slicks of
unknown origin (mysterious spills) (32%) and the minority (2%) with oil
pipelines.

Container Public port (6%)
terminals | private port (2%)

Not identified
spots (32%

erminals (15%)

Vessels spills
(36%)

Figure 2: Annual and normalized distribution of the registered occurrences
(1980-2006).

Table 1 also shows that there was a tendency for a decrease of the entries
involving pipelines and chemical terminal discharges. This can be attributed to
the success of prevention measures introduced by the Defense of the Coast
Committee — CODEL, mainly between 1984 and 1985, and the CETESB’s Risk
Management Program applicable to oil pipelines and chemical/petrochemical
terminals in the Sdo Paulo’s coast — RMP — since 1989.

The database also indicates that the amount of oil and chemical spilled to the
aquatic environment from these sources decreased. However, at the same time
there was an increase of the entries involving container terminals, public and
private ports, vessels and of mysterious spills, since 2000, just after “the law of
the oil spills". These activities are not regulated by the CETESB’s RMP.
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Considering failure modes, operational spills predominated, accounting for
50% of the total, followed by unidentified or mysterious spills (24%) and
mechanical failures (18%). GILL [8] considers that the causes of all the accidents
in the industries, operation of pipelines and ships among others, including the
most dangerous occurrences are related to human error, and involve problems of
ergonomics. Henderson [9] agrees partially with this assertion and highlights the
necessity to evaluate operational failures adopting a systemic view and not a
mechanistic one.

He considers that these failures evolve from the interaction of multiple factors
involving individual failures, machine failures and organizational or institutional
failures. It has been estimated that as many as 80% of marine incidents are a
result of human error. It may be more correct to call these human and
organizational errors because humans act within organizational structures.
Understanding the role of human and organizational factors (HOFs) may provide
insights as to causes of these incidents as well as ways to prevent them.

Analyzing causes and consequences of these spills, the operational failures
evolve routines operation such as oil and chemical loading/unloading procedures
and during bunkering by barges. ITOPF statistics presents a very similar result
for oil and chemical spills in marine environment (www.itopf.com
/information/statistics.causes).

These activities account for most of the small spills or less than 8 m* (the
amount adopted for this paper based on Brazilian legislation) while ITOPF
considers the amount classification as less than 7 tones. In comparison, accidents
such as collisions and groundings accounted for the largest oil spills being equal
or more than 200 m* (more than 7,000 tons for ITOPF).

Although the number of occurrences increased after 2000, the amount of oil
and chemical spills had decreased since 1990. This suggests that the CETESB’s
RMP and the ABTL’s measures had been effective, and had brought
improvements in prevention and in the quality of spills response.

For small spills, (less than 8 m?), oil slicks had a tendency to remain confined;
spreading only along the immediate surrounding area, but remaining close to the
source of the spill causing local and low environmental impacts. Larger spills
spread for longer distances, and caused regional and high environmental impacts,
mainly to the mangroves. Significantly, no large spills have occurred since the
1990s.

In relation to their properties, 48 different types of hazardous and noxious
substances were identified in these environmental accidents, 24 were classified
as flammable; 11 as toxic and 4 as very toxic to human health. For aquatic life,
10 were classified as slightly toxic, 7 as toxic; and 12 as causing visual impacts.
Because of their visual impacts, oil spills and oil spill residues cause significant
public disquiet.

An assessment of the socioenvironmental impacts shows that the most
significant were:

1. respiratory discomfort for the port’s, chemical and petrochemical terminals
operators due to the toxic clouds created by volatile products spills such as
benzene, toluene, petroleum liquefied gas, ciclopentane and gasoline;

WIT Transactions on Ecology and the Environment, Vol 117, © 2008 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



The Sustainable City V. 229

2. fear and panic to the operators and to the surrounding community, after fires,
such as those which occurred after a gasoline pipeline spill in Socé Village
(a very poor community); after explosions in the chemical terminals in
Barnabé Island, and after a fire in a container terminal;

3. numerous deaths and injuries due to the incident in the Socé Village, and
one death due to the explosion in Barnab¢ Island;

4. persistent environmental damages to the mangrove forests due to oil and
other chemical substance spills (including tallow), and the fires in Barnabé
Island;

5. contamination of sand beaches, rocks, boulders and man-made structures

including the port’s artificial structures, jetties as well as mooring lines and

ship hulls;

mortality of estuarine and marine fauna/flora and mangrove trees;

7. damage to the Santos’ tourism and to leisure activities like surfing, sailing
and other aquatic sports and in waters of the Santos Bay and in its beaches
due to oil spills and clean-up/recovery operations;

8. damage to the fishing activities; boats and gear, floating equipment nets and
ropes; reduced catches due to reductions in fishing effort;

9. negative impacts due to the clean-up operations on mangroves, sandy
beaches and rocks, and inappropriate techniques and inadequate
organization which was common in 1980s and mid of 1990s. For instance,
on scene commanders were not used to paying attention to tidal and weather
influences on the slicks’ displacement and did not take care of the
mangroves’ vulnerability.

Large amount of contaminated (and also non-contaminated) sand was
removed unnecessarily along with contaminated sand and debris. Sandy beaches
are vulnerable because heavy machinery causes the oil to become dug-into the
sand increasing contamination of the substrate and its persistence. Heavy
equipment tends to mix oil into the sand forcing the removal of more sand.

o

5 Final considerations

In general, a reduction in the frequency of regional impact incidents has been
observed since the 1980s and beyond to the 1990s. Large (200 m’), spillages
have not occurred since 1999. This suggests that the improvements in prevention
and response capacity have been accomplished by the efforts of the
environmental agencies, the chemical terminals, and CODESP.

Examples of human and organizational investments include: risk analysis
studies, emergency planning, identification and mapping of susceptible areas and
agreement on priorities for protection, as well as acquisition of response
equipment appropriate for oil and chemical spills.

Training has been a core component of prevention. Training for technicians
includes familiarization with, and understanding of the specific practices and
goals of CETESB’s RMP as well as increasing environmental awareness related
to appropriate response actions as well as the development of response exercises
(simulations and scenarios).
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In the scope of the RMP, the ABTL Emergency Integrated Plan, should be
highlighted because it considers chemical as well as oil spill responses within the
port region and the estuary. This extension of the RMP initiative considers
human fatalities (expressed as individual or social risk), as well as a first step to
socio environmental impacts.

This study also suggests greater investments in environmental protection
through a people-focused approach that addresses the root cause of most
accidents; the human element. This involves enhanced training programs and
qualification of the operators, as well as provision of a well engineered working
environment in order to minimize the operational failures, ecological and
socioenvironmental impacts. Such approach, based on risk avoidance and
management must be based on anticipation, identifying and evaluating
foreseeable risks.

Improvements in the change of companies’ mentality related to the
environment were demonstrated by the study, comparing the actions of
prevention and response that were carried through in the years 1980s to 1990s
and after 2000s when they became committed to the minimization of the impacts
onto susceptible areas.

The procedures developed by CETESB, in the late 1990s, for clean up
operations of coastal environments affected by oil spills were consolidated in a
manual (Lopes et al. [15]) that has contributed significantly to training and to
change negative proceedings.

The news releases by television and newspapers covering major accidents
involving fires and explosions with ships, pipelines and terminals created panic
situations and eroded the credibility of environmental agencies, the industry and
the previous work and advances made in improving safety, giving the false
impression that the safeguards promoted had not succeeded.

It is very important to improve this situation through continued engagement
with local communities and improved communications using new technologies
such as the web. Dialogue with the community is crucial for engagement of all
stakeholders in an area in order to provide for risk reduction and accelerated
natural recovery from incidents.

These findings highlight the necessity for greater investment in a people-
focused, socio environmental risk management initiative that considers risk
perception and risk communication, environmental education, special courses
about environmental accidents for educators and journalists as well as other
professionals. At the same time it is very important to prepare the community for
emergency situations, work with community awareness emergency response. In
fact, there is a lot of work to do; resilience requires developing integrated and
holistic prevention and management programs!

6 Conclusion

This historic study of Santos’ Port Complex demonstrated the diverse links that
exist between the causes and consequences of environmental incidents. It
demonstrates that international conventions, such as MARPOL 78 and OPRC 90,
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coupled with effective national legislation and complementary public policies
such as CETESB’s RMP have the capability to improve preventative measures,
response capacity and to minimize estuarine and marine pollution. It also
highlights that a safe marine environment is a product of a balance between
private terminal operators, and public ports but that marine safety is also a
primary concern for vessel operators and ship crews.
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