World Maritime University

The Maritime Commons: Digital Repository of the World Maritime
University

Maritime Safety & Environment Management Maritime Safety & Environment Management
Dissertations (Dalian) Dalian)
8-28-2016

Research on supervision countermeasures on ship sewage
pollution

Baoxing Shen

Follow this and additional works at: https://commons.wmu.se/msem_dissertations

6‘ Part of the Environmental Health and Protection Commons, and the Public Administration Commons

This Dissertation is brought to you courtesy of Maritime Commons. Open Access items may be downloaded for
non-commercial, fair use academic purposes. No items may be hosted on another server or web site without
express written permission from the World Maritime University. For more information, please contact
library@wmu.se.


https://commons.wmu.se/
https://commons.wmu.se/
https://commons.wmu.se/msem_dissertations
https://commons.wmu.se/msem_dissertations
https://commons.wmu.se/msem
https://commons.wmu.se/msem
https://commons.wmu.se/msem_dissertations?utm_source=commons.wmu.se%2Fmsem_dissertations%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/172?utm_source=commons.wmu.se%2Fmsem_dissertations%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/398?utm_source=commons.wmu.se%2Fmsem_dissertations%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:library@wmu.edu

WORLD MARITIME UNIVERSITY

Dalian, China

RESEARCH ON SUPERVISION
COUNTERMEASURES ON SHIP SEWAGE
POLLUTION

By

SHEN BAOXING
The People’s Republic of China

A research paper submitted to the World Maritime University in partial
Fulfillment of the requirements for the award of the degree of

MASTER OF SCIENCE

(MARITIME SAFETY AND ENVIRONMENTAL MANAGEMENT)

2016

Copyright Shen Baoxing, 2016.

This paper may contain some information which is private and confidential, and it should not be further copied and distributed

without the written permission of author




DECLARATION

I certify that all the material in this research paper that is not my own work has been

identified, and that no material is included for which a degree has previously been

conferred on me

The contents of this research paper reflect my own personal views, and are not

necessarily endorsed by the University.

(Signature): ......... Shen Baoxing...............

(Date): ... 03 August, 2016............

Supervised by: Cheng Dong

Professor

Dalian Maritime University

ASSBSSO .

C0m8SSBSS0 . ettt



ACKNOWLEDGEMENTS

First of all, I would like to take this opportunity to express my sincere appreciation to
all the professors and mentors from Dalian Maritime University (DMU) and World
Maritime University (WMU), who taught me a lot during my study in Dalian. | am
also sincerely grateful to all the leaders of Wu Song Maritime Safety Administration
(MSA) for giving me the chance to study in Dalian. Particularly, I would like to
thank the director general of Wu Song MSA, Zhu Guobing, who strongly supported
me to purse this off-work study after ten years of graduation. Also, | appreciate his

help to me both in life and study.

I am very thankful to Prof. Cheng Dong, who not only gave us lectures with a very
strong sense of responsibility, but also took us to visit the engine laboratory in DMU.
Most important of all, as my supervisor, he offered me so many invaluable advices
before | start writing. Meanwhile, he provided me a lot of guidance in the whole

process of writing. His expertise and rigorous attitude left a deep impression on me.

| also deeply appreciate all my colleagues in Wu Song MSA for their selfless help
and support during my study in Dalian, and they took extra tasks which should have
been done by me. | would like to thank Xv Yongfeng, a chief engineer, who is very
familiar with the inner structure and daily management of sewage treatment plant, for

giving me a lot of guidance and enlightenment.

Last but not least, I would also like to thank my beloved parents-in-law, they
provided their full support to care the whole family, which encouraged me to study in
Dalian without the worries behind, especially my dear wife, who tolerated my long

absence and offered her maximum support and encouragement to me.



ABSTRACT

Title of research paper: Research on Supervision Countermeasures on Ship
Sewage Pollution

Degree: MSc

There are thousands of ships engaged in international voyage all over the world and
numerous coastal vessels and river vessels are sailing on coastal waters and rivers.
These ships produce a large amount of sewage every day, and some untreated sewage
is illegally discharged into port waters and coastal waters, which violates the
requirements of the pollution prevention convention and causes serious pollution to

marine environment.

This research paper mainly concentrates on the issue of ship sewage pollution. After
briefly introducing the background of research topic, the author points out the
damage of sewage to marine environment and relevant requirements of pollution
prevention convention, illustrates different working principles of different treatment
plants, as well as advantages and disadvantages. Furthermore, the author focuses his
attention on analyzing the reasons of illegal discharge of raw sewage, and explaining
how to carry out PSC inspection to sewage treatment plant. Finally, the author
proposes dozens of specific solutions from different aspects to change the current

situation.

KEY WORDS: ship sewage, pollution prevention, illegal discharge, comminuting
and disinfecting system, holding tank, activated sludge treatment plant, annex IV,
MARPOL, PSC
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Chapter 1: Introduction

1.1 Background:

After the Second World War, the world economy began to recover quickly, and the
cargo transportation between nations and regions are more frequent than ever before.
Especially in the last few decades, with the increasing internationalization of
production and commodity, international trade-in-service has developed at an
amazing speed on a global scale, and the growth of world trade between 1950 and

2008 is shown in the figure 1.

R EEER R EEEESEE 838888388 E8288

Vo W P g g g g g g g g g g e g e g g e g e e g e

Figure 1: Annual Growth of World GDP and Trade 1950 — 2008
Source: WTO World Trade Development 2011

It is generally known that almost 90% of world freight is transported by ships. As the



main transportation mode, the shipping industry has played an extremely important
role in the transportation of goods. Along with the world economic globalization and
the rapid development of world trade, the shipping market presented a prosperous
scene in recent years, and the specific growth rate is shown in figure 2. According to
the relevant statistics from IMO, there are about 50,000 merchant ships in operation
at present, which are registered in more than 150 countries (Sun, 2015, p.1). That is
to say, there are thousands of ships entering in or departing from various ports in the

world.
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Figure 2: World International Seaborne Trade 1950-2010 and Estimate to 2030
Source: compiled by Ma shuo, Maritime Economics

With the increase of the number of ships, the pollution of the marine environment
has become more and more serious in recent decades, due to the pollutants
discharged by ships in the process of operation. An investigation report from the US

National Academy of Sciences indicated that approximately 35% of the pollutants in



the marine environment were from ships in 2002 (Wang, 2008, p.49), so the shipping
was once deemed to be the least environmentally damaging mode of transport.
However, because of the advantages of large load capacity and low cost, the heavy
bulk commodities traveling long distances, such as grain, coal, chemicals, and raw

ore, could not be transported any other way than by ships.

It is true that a variety of pollutants will be produced in the course of the operation of
the ships, such as various oils, garbage, sewage, VOCs, CO,, etc. which will cause
serious pollution to the marine environment. A cargo ship will produce at least 50kg
garbage including the food waste every day in accordance with relevant statistics,
most of which is discharged into ocean directly without any treatment. It is estimated
that more than 10,000 tons of ship garbage including food waste is discharged into
ocean every day (Xv, 2003, p.30). Similarly, ship raw sewage is also a major marine
pollutant; the China Ministry of Environmental Protection predicts that more than 15
million tons ship sewage is discharged into Three Gorges Reservoir area each year

(Da, 2007, p.137).

With the development of shipping industry and enhancement of social marine
environmental protection awareness, people pay more and more attention to the
marine environmental pollution caused by ships. In order to reduce pollution and
protect marine environment, almost all coastal states have formulated laws and
regulations to limit the discharge of pollutants from ships. Meanwhile, the IMO has
also developed a series of conventions to regulate the transport services of ships,
which covered the entire life cycle of the ship from shipbuilding to ship recycling

(Wei, 2014, p.40), and the specific documents are shown in the tablel.

After a series of conventions from IMO, some of the emissions of pollutants have



been initially curbed, such as oils; there is a clear decline in the discharge of oil on
board, regardless of accidental discharge or operational discharge. But the decrease
of discharge of some pollutants has not kept the same pace with that of oils, for
example the ship sewage. Relevant treatment requirements of ship sewage are clearly
defined in the annex IV of MARPOL convention, which has entered into force a few
years ago. However, in practice, the implementation of the annex IV is highly
unsatisfactory, especially in developing countries and undeveloped countries. In
other words, there is still a large amount of ship sewage unlawfully discharged into
ocean annually, even in developed countries and special areas. Most of discharge
actions are contrived and deliberate, rather than legal disposal in accordance with

requirements of convention.

Table 1: the Major conventions relating to the prevention of pollution

Number Name of Conventions Effective Date
1 MARPOL 73/78 2nd of October 1983
2 BWM Convention Not yet in effect
3 INTERVENTION Convention 6th of May 1975
4 CLC Convention 19th of June 1975
5 OPRC Convention 13th of May 1995
6 FUND Convention 11th of October 1978
7 Bunker Convention 21st of November 2008
8 AFS Convention 17th of September 2008
9 Hong Kong Convention 15th of May 2009

Source: compiled by author based on information searched from IMO website

1.2 Objectives of the research

The above mentioned background implies the urgency and necessity of strengthening



the implementation of annex IV of MARPOL convention on the global scale. The
author, as the deputy section chief of dangerous goods management and pollution
prevention department in Wusong MSA, has been engaged in PSC and anti-pollution
inspection for several years. In the actual inspections, the author has found and
punished a large number of illegal acts of discharging ship sewage into ocean.
Therefore, in this research paper, the author will analyze the reasons of the poor
implementation of annex IV of MARPOL convention in detail, and then give
personal suggestions to strengthen the management of ship sewage combined his

previous work experience. The main objectives are as follows:

1. Attract people's attention to the issues discussed in this research paper

2. Compare the pros and cons of current main treatment methods of sewage
3. Enumerate the problems in disposal and discharge of sewage

4. Analyze the reasons of illegal discharge of ship sewage

5. Give the main points in PSC inspection about sewage treatment plant

6. Offer the suggestions for strengthening the management of sewage

1.3 Methodology

The relevant document literature was widely collected and reviewed beforehand;
including search results from IMO website, such as international convention,
circulars and documents, resolutions, amendments, and so on. Besides, some
materials and literatures are from periodicals, books, contemporary journals, others’
graduation thesis or dissertation, as well as internet. Furthermore, opinions were
exchanged with some senior PSC officers and pollution accident investigator, and
some suggestions and advice from them were adopted and collected in this research

paper. In addition, as a PSC officer and anti-pollution inspector, the author's own



previous work experience also played a big role, and the theory was connected with
practice in the process of designing this research paper. In brief, this research paper
essentially concentrates on the issue discussed using the methods of consultation and
investigation, putting the theory with practice together, literature researching, case
study, logical analysis and induction, network browsing, quotation data, and chart

analysis.

1.4 Chapter summary

In sum, the marine environmental pollution caused by ship sewage has not been paid
to as much attention as oils; at least it is not enough at present. Although the
regulations for prevention of pollution by sewage from ships have incorporated into
MARPOL convention, many countries cannot yet give full and complete effect to
these regulations for various reasons, which result in the poor implementation of the
annex IV of MARPOL convention. The pollution of marine environment is gradually

deteriorating with a large amount of ship sewage illegally discharged into ocean.



Chapter 2 Hazards and treatment requirements of ship sewage

2.1 Definition of ship sewage

According to the regulation 1 of annex IV of MARPOL convention, four kinds of
waste water are defined as ship sewage (IMO, 2003), they are:
1. drainage and other wastes from any form of toilets and urinals;
2. drainage from medical premises (dispensary, sick bay, etc.) via wash basins,
wash tubs and scuppers located in such premises;
3. drainage from spaces containing living animal;

4. other waste waters when mixed with the drainage defined above

Generally speaking, waste water from ships can be divided into two kinds, namely
black water and gray water. The black water is the above defined sewage, which
must be treated in accordance with disposal requirements before discharge; and the
gray water means the water drained from galley, bathroom and laundry room, which
is considered to be less harmful to the marine environment and is not necessary to be

treated before discharging into ocean.

However, as people gradually increase the awareness of marine environmental
protection, some countries and areas have put the gray water into the category of
sewage in recent years, so both the black water and gray water are called ship sewage
uniformly. In other words, the gray water also needs to be treated with sewage
treatment plant and must meet the required standard of IMO before discharging into
ocean. At present, some ships have transformed the layout of pipeline, so that the

gray water can also flow into sewage treatment plant.



2.2 Hazards of ship sewage

The damage of sewage is not as serious as oils, but it still can do a great harm to the
marine environment. Ship sewage is different from municipal wastewater. To begin
with, ship sewage cannot be fully decomposed in the ship sanitation system due to
the shorter discharge cycle. Furthermore, compared with the residential sanitary ware
in urban area, ship sanitary ware (close-stool) uses less flushing water, so the BOD
and SS index of ship sewage is higher than municipal sewage. Consequently, the ship
sewage is normally more harmful to the marine environment than municipal

wastewater.

Ship sewage contains a large amount of human feces and urine. If this kind of
sewage is discharged into ocean directly without any treatment, the organic matter in
sewage will consume dissolved oxygen in water when they are oxidized and
decomposed in the biochemical action of microorganisms, which will lead to the lack
of oxygen in the sea water. Consequently, many aquatic animals and plants will die
due to lack of oxygen. After the animals and plants die, the dead bodies will become
new organic matter and will be also oxidized and decomposed, which will form a
vicious circle. At last, the concentration of dissolved oxygen in water is greatly
reduced, and anaerobic conditions are formed. The advanced form of the biological
community is replaced by the lower form, and the marine environment will be

seriously damaged.

Under normal circumstances, sea water itself has a slow process of self-purification,
and the process of self-purification will be difficult to restore once it is disrupted. It
is thought that human feces and urine contains more nitrogen and phosphorus and

other nutrients. So if the ships sewage containing human faces and urine is



discharged into ocean directly without any treatment, this kind of sewage will lead to
excessive growth and reproduction of algae and phycophyta, as well as the formation
of eutrophication of sea water, especially in lakes, estuaries and bays and other areas
where the water cycle is relatively slow. Considering the water eutrophication which
will seriously damage the delicate balance of self-purification, the regional marine

environment will be polluted and destroyed.

Besides, a lot of viruses and bacteria exist in the ship sewage containing human feces
and urine, in particularly the Escherichia coli and cholera virus; these bacteria and
virus will seriously affect the hygienic index of sea water. Once human beings drink
this kind of water, it is very likely to result in the prevalence and spread of the
disease, such as dysentery, enter gastritis, cholera, acute infection and so on. If this
kind of sewage is discharged into mariculture zone or protected region of drinking
water source, this problem will be more striking and serious. In addition, if ships
discharge sewage into coastal waters, it would have a great impact on the coastal

tourism area and seaside sanitarium.

2.3 Treatment requirements of ship sewage

IMO began to pay close attention to the marine environmental pollution caused by
sewage a few years ago. After many years’ efforts, relevant regulations for the
prevention of pollution by sewage from ships were integrated into MARPOL
convention and became annex IV. This annex entered into force on 27 September
2003, a revised Annex IV was adopted on 1 April 2004 and entered into force on 1
August 2005.

2.3.1 Application for ships



According to relevant provisions of regulation 2 of chapter 1 of annex 1V, all of the
ships engaged in international voyages must equip with a certain sewage system if
the ship’s gross tonnage is equal to or more than 400 gross tonnages or the ships are
certified to carry more than 15 persons. With certain exceptions enumerated in
Regulation 3, all of the sewage from ships should either be disposed or comminuted
and disinfected as required before discharge or delivered to reception facilities in

shore.

2.3.2 Requirements for sewage systems

Every ship which meets the requirements of regulation 2 of annex IV should be
equipped with one of the following sewage systems in accordance with the relevant

provisions of regulation 9 chapter 3 (IMO, 2003):

1. A sewage treatment plant. The plant shall be of a type approved by the
administration of contracting government, taking into account the test
methods and standards formulated by IMO.

2. A sewage comminuting and disinfecting system. Similarly, this system shall
be approved by the administration of contracting government. Meanwhile, the
system shall be fitted with equipment and facilities to the satisfaction of
administration of contracting government, and this system shall be available
to store the sewage temporarily when the ship is less than 3 nautical miles
from the nearest land.

3. A holding tank. The capacity of holding tank shall be enough to store all
sewage from ship and should have a means to indicate visually the amount of
its contents. Besides, the holding tank is built after regarding to the operation

of the ship, the number of persons on board and other relevant factors, as well

10



as the holding tank shall be constructed to the satisfaction of the

administration of contracting government.

2.3.3 Requirements for discharge of sewage

Generally speaking, the discharge of sewage into the sea is prohibited with a few
exceptions, such as force majeure, salvage. But in the following circumstances the

discharge of ship sewage is permitted (IMO, 2003).

1. The ship is discharging disinfected and comminuted sewage using a system
approved by the administration of contracting government in accordance with
regulation 9 of chapter 3 of annex IV at a distance of more than 3 nautical
miles from the nearest land, or discharging sewage which is not disinfected or
comminuted at a distance of more than 12 nautical miles from the nearest
land. However, under any circumstances, the sewage stored in holding tanks
and the sewage coming from spaces containing living animals shall not be
discharged instantly but at a moderate rate when the ship is in sailing at not
less than 4 knots. In addition, the discharge rate shall be approved by
administration of contracting government based upon standards developed by

IMO.

2. The ship has an approved sewage treatment plant which has been certified by
the administration of contracting government. Meanwhile, the treatment plant
is in operation in accordance with the operational requirements listed in
regulation 9 of chapter 3 of annex IV. Besides, the test result of treatment
plant should be written down in the ISPP of the ship, and the effluent shall

neither form visible floating solids nor result in discoloration of the

11



surrounding water.

3. The above provision 1 shall not apply to the ships only operating in the
waters under the jurisdiction of certain state as well as the visiting ships from
other states. These ships are permitted to discharge sewage into waters under
the jurisdiction of certain state according to relatively less stringent

requirements developed by this state.

4 If the sewage is mixed with wastes or waste water covered under other
annexes of MARPOL convention, the disposal and discharge requirements of
other annexes shall be taken into account in addition to the requirements of

this annex before discharging this kind of sewage.

2.3.4 Requirements for reception facilities of port state

The ship must transfer sewage stored in holding tanks to reception facilities on the
shore in some cases, for example treatment plant failure, the capacity of holding tank
Is not enough when the ship stays at the port for a long time. In order to facilitate the
ships to discharge sewage into reception facilities and protect marine environment,
IMO develops special regulations for reception facilities and requires each
contracting government to undertake corresponding obligations, that is each port and
terminal shall provide reception facilities which should meet the needs of the ships

arriving at this port and terminal without causing delay to ships.

The diameter of discharging pipeline on the vessel is not the same as the diameter of
the receiving facility sometimes. In order to enable pipes of reception facilities to be

connected with the ship’s discharge pipeline, IMO requires both ships and reception

12



facilities to fit with a standard discharge connection at least. The parameters of the

standard discharge connection are shown in the table 2 (IMO, 2003).

Table 2: Standard dimension of flanges for discharge connections

Description Dimension

Outside diameter 210 mm

Inner diameter According to pipe outside diameter

Bolt circle diameter 170 mm
4 holes, 18 mm in diameter, equidistantly placed on a bolt

Slots in flange circle of the above diameter, slotted to the flange
periphery. The slot width to be 18 mm.

Flange thickness 16 mm

Bolt gnd nuls: - quantity 4, each of 16 mm in diameter and of suitable length

and diameter

The maximum internal diameter of flange should be less than 100 mm, designed by steel
or other equivalent material having a flat face. The flange, shall be suitable for a service
pressure of 600 kPa, together with a suitable gasket, the inner diameter of the discharge

connection may be 38 mm for ships having a moulded depth of 5 m and less.

Source: compiled by author based on material searched from MARPOL convention

2.4 Chapter summary

In brief, this chapter tersely reviews the definition of sewage, the hazards of sewage
and requirements for discharge. Ships produce a large amount of sewage on a daily
basis, and it goes without saying that ship sewage has great harm to the marine
environment, despite that the harms are not as serious as oils. Consequently the IMO
developed a series of requirements and regulations, and ships must operate in

accordance with the requirements to reduce damage to marine environment.
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Chapter 3: Treatment methods of ship sewage

Tens of thousands of ships sail on the sea every day. If all of sewage generated on the
ships is discharged into the ocean, the harm of sewage to the marine environment
will be very great. People have begun to pay close attention to this problem at an
unconscionably early age and attempted to come up with a variety of methods to
reduce the harm. At present, there are three main methods to dispose the ship sewage
on board in practice; they are the holding tanks, the comminuting and disinfecting

system, as well as the treatment plant.

3.1 Holding tanks

One or more holding tanks are set up on the ship, and all of sewage is discharged into
the holding tanks during the course of the voyage. If the holding tanks are full, the
sewage will be discharged into reception facilities on shore when the ship is in port.

The flow chart is shown in figure 3.

Deck
Reception facility

Sewage D ﬂ 3

Sewage
-2 Holding tank —)O Discharge pump

Figure 3: the flow chart of holding tank

Source: compiled by author based on the operating principle of holding tank

Advantages: this system is simple in structure, and it is easy to operate and manage

for crewmembers. Furthermore, all of sewage is stored in holding tanks,
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rather than discharged into ocean directly, so that it will not cause

pollution to the marine environment.

Disadvantages: when the ship sails at sea for a long time, the capacity of holding
tank must be large enough to hold all of the sewage, which will lead
to reduction of cargo capacity and operational efficiency. Moreover,
all of the sewage is stored in holding tank for a long time; the bad
smell will pose an impact on crewmembers’ living environment and

working environment.

3.2 Sewage comminuting and disinfecting system

Besides the holding tanks, ships can also choose to install the sewage comminuting
and disinfecting system, and the floating matters and solid residues are crushed and
sent to the incinerator to be burned. After disinfection, other sewage is discharged
into ocean at the waters where is in accordance with the requirements of MARPOL

convention. The flow chart is as follows.

.. . Overboard
Disinfection tank

Sewage Fresh air T

Holding tank N Settling tank

Sewage

3] Inciinerator

Comminutor

Figure 4: the flow chart of comminuting and disinfecting system
Source: compiled by author based on the operating principle of sewage comminuting

and disinfecting system




Advantage: this system is relatively simple, and it is also easy to operate and manage
for crewmembers. Because the sewage is discharged timely after
disinfection, it does not need much space for this system. Therefore, it

can save more space for cargo and goods.

Disadvantage: shipping company needs to spend money on buying disinfection
tablets, which will increase the operating costs of the ship. In addition,
the discharge area of ship sewage is restricted for the ships using this
kind of comminuting and disinfecting system according to 11
regulation chapter 3 of annex IV of MARPOL convention. It is
allowed to discharge sewage into ocean only at a distance of more
than 3 nautical miles from the nearest land, so this system is not

applied to the river ships and some of the ships in coastal areas.

3.3 Sewage treatment plant

If a ship has a sewage treatment plant on board and the treatment plant keeps in
operation, the ship is permitted to discharge sewage into ocean almost anywhere in
the world. Of course, the prerequisite is that the treatment plant has been approved
by the administration of contracting state, taking into account the standards and test
methods developed by IMO. Because of the outstanding advantages, the sewage
treatment plant has been widely used in various kinds of ships, and the ships range
from passenger ships to cargo vessels, from offshore ships to ocean going vessels.
According to different working principles, the main methods of sewage treatment
include high pressure oxidation treatment, physical and chemical treatment,
electrochemical treatment, biological treatment, as well as the combination of the

aforementioned methods.
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3.3.1 High pressure oxidation treatment

The ship sewage is collected in holding tanks firstly, and then discharged into an
aeration tank by pump after full mixture. The high pressure air is imported into
sewage and a chemical reaction takes place between the air and the organic matters
in the sewage with the help of catalyst. Methane and other gases will be produced
during oxidation of the organic matters; the gases are collected or discharged into air
after purification, the sewage will be fully oxidized and discharge into ocean, and the
solid separated from the sewage will be burned in incinerator. The flow chart is

shown in figure 5.

Blower Catalyst
Sewage
Sewage
—_— Holding tank —3 Pump 5} Aeration tank
Overboard . Liquid -
<€ Solid-liquid separator Gas-liquid separator
N <
Solid i Gas — Air
—> Incinerator > Gas purifier —

Figure 5: the flow chart of high pressure oxidation treatment plant
Source: compiled by author based on the operating principle of high pressure

oxidation treatment plant

Advantage: this system is compact in structure and takes up less room, and it has a

good effect on the treatment of ship sewage containing solids. The vast
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majority of organic matter and bacteria in sewage can be destroyed
through this system, so the treated sewage has basically no damage to

the marine environment.

Disadvantage: the system needs to keep a high temperature and pressure during the
oxidation of organic matters, which will lead to the increase of the
energy consumption of the ship. Moreover, the shipping company
needs to invest more money to purchase this system in the early stage
because of its relatively higher price. Lastly, this system will
discharge a large amount of exhaust gas in the process of sewage

treatment, which may result in air pollution.

3.3.2 Physical and chemical treatment

After being discharged into holding tanks, the solid matters and SS in the sewage are
eliminated through the process of precipitation, filtration, and agglomeration, and the
main purpose of which is to reduce the index of BODs. The rest of sewage is
discharged overboard after disposal of deoxidization and disinfection by activated
carbon or other chemical agent, and the solid matters is sent to incinerator to burn or

received by shore reception facilities. The flow chart is shown in figure 6.

Advantage: this system has a smaller size and takes up less room. In addition, the
working principle of this system is simple and it is also easy to operate

and manage for crewmembers.

Disadvantage: this system needs a lot of disinfectant and coagulant as well as other

chemical agent, which lead to a high operating cost. Furthermore, the
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pipe of this system needs to be cleaned regularly, or it will be blocked.
In addition, the sewage will be stored in this system for a long time;
the bad smell will pose an impact on crewmembers’ living

environment and working environment (Yuan, 2010, p.42).

l Sewage lCoaguIant

Holding tank || Separatetank  j——3| Coagulation tank

Sewage

Solid matter

Solid matter Overboard

Incinerator || Residual tank = |€——————q{ Settling tank

Figure 6: the flow chart of physical and chemical treatment plant
Source: compiled by author based on the operating principle of physical and

chemical treatment plant

3.3.3 Electrochemical treatment

Firstly, ship sewage is preliminarily separated in separate tank. The residues and
solid matters are sent into residual tank, and other sewage is discharged into electric
coagulation tank, where the sewage is treated by electricity. After that, the sewage is
discharged into floatation tank, and after disinfection, the sewage is discharged
overboard and the residues and solid matters are burned in incinerator. The flow chart

is shown in figure 7.

Advantage: The electrochemical treatment plant is small in size and light in weight,

as well as high in efficiency of sewage treatment. Furthermore, it is also
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easy to operate and manage for crewmembers, and it does not produce

off-flavor in the process of sewage treatment.

Disadvantage: The initial investment of this kind of treatment plant is relatively high,
and the daily operating cost is also higher than other kind of
treatment plants. Meanwhile, the treated sewage contains a lot of
chlorine, which will cause secondary pollution of marine

environment (Yuan, 2010, p.42).

Sewage Electricity

Sewage

> Separate tank |3 Coagulationtank |5/ Floatation tank

Solid matter Solid matter

Overboard

Incinerator |€—— Residual tank [€—— Disinfection tank 5

Figure 7: the flow chart of electrochemical treatment plant
Source: compiled by author based on the operating principle of electrochemical

treatment plant

3.3.4 Biological treatment

Biological treatment has been proved able to dispose ship sewage via oxidizing and
decomposing organic compounds by using microorganisms as the bio-catalysts. In

actual operation, it needs to create an environment which is conducive to growth and
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reproduction of microorganisms, because a large number of microorganisms are
beneficial to increase efficiency of oxidation and decomposition of organic matter. At
present, the activated sludge process and membrane bioreactor (MBR) are the two

main methods of biological treatment in practice.

3.3.4.1 The activated sludge process

The activated sludge process is a kind of aerobic biological treatment method. The
main working principle is that it uses activated sludge to absorb, oxidize and
decompose the pollutants in the sewage under aerobic conditions, which makes the
unstable organic compounds convert into stable inorganic compounds, thus purifying

the ship sewage.

In practice, the untreated sewage is discharged into the aeration tank firstly, in which
there are plenty of activated sludge; meanwhile, the blower sends the fresh air into
the aeration tank. The activated sludge contains a large number of microorganisms,
which can oxidize and decompose the organic compounds. Subsequently, the sewage
Is pumped into sedimentation tank, where the liquid and solid will be separated. Then
the liquid will be discharged into disinfection tank and the solid will return into
aeration tank. Finally the treated sewage is discharged overboard after disinfection
and solid matters will be sent to incinerator to burn or received by shore reception

facilities. Figure 8 is the flow chart.

Advantage: The initial investment in the purchase of the activated sludge treatment
plant is smaller than that of other kinds of plants, and the operating cost
is also low. In addition, the structure of this kind of treatment plant is so

simple and it is also easy to operate and manage for crewmembers. In
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particular, when the failure or disorder happens on this kind of plant,
repair and maintenance are very convenient. Furthermore, the effect of
sewage treatment is very good, and the treated sewage has almost no

pollution to the marine environment (Yuan, 2010, p.42).

Disadvantage: This kind of treatment plant is larger in size and occupies a larger

space in the engine room. Besides, the activated sludge treatment
plant must be maintained continuously in use. Meanwhile, the blower
also needs to continuously feed fresh air into the aeration tank, or the
microorganisms in the sludge will die due to the lack of necessary

nutrition, and it takes a long time to retrain the microorganisms.

J/ l Scum backflow
Sewage Fresh air J/

Sewage Sed i
i i edimentation tan
> Holding tank N Aeration tank >
A— <Solld matter Sludge backflow Disinfection tablets
Vo
< Overboard Discharge pump Disinfection tank
S

Figure 8: the flow chart of activated sludge process

Source: compiled by author based on the operating principle of the activated sludge

treatment plant

3.3.4.2 The membrane bioreactor
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The membrane bioreactor is a new sewage treatment method which has just appeared

in recent years. The main working principle is that it uses advanced membrane

separation technology on the basis of traditional biological treatment. The most

obvious feature is that the membrane components replace sedimentation tank in the

traditional biological treatment methods, because the filter membrane can separate

liquid materials and solid matters and the separation effect is better than that of the

sedimentation tank. The raw sewage is first biologically degraded in the bioreactor,

and then the sewage is disinfected after filtration by membrane components. At last,

the treated sewage is discharged overboard. The flow chart is shown in figure 9.

l Sewage l Fresh air

Sewage
3| Grid tank 3 Aeration tank  f——— | Sludge tank  [€——
Sludge
backflow
Overboard
€&————— Disinfection tank  |€——— Membrane module

Figure 9: the flow chart of membrane bioreactor

Source: compiled by author based on the operating principle of membrane bioreactor

Advantage:

The efficiency of solid-liquid separation is very high and the water
quality of treated sewage is very good. Besides, the suspended solids and
turbidity of the treated sewage are almost zero, even the treated sewage
can be reused. In addition, because sedimentation tank are not required,

this membrane bioreactor has a smaller size and takes up less room.

Disadvantage: The filter membrane needs to be replaced at fixed periods, so the
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operating cost is higher than that of the activated sludge method.
Moreover, the activated sludge should be cultivated by professionals,
and once the system is stopped over time, the sludge will lose
activity. If the system is put into use again, the activated sludge

needs to be re-cultivated (Yuan, 2010, p.42).

3.4 Chapter summary

In summary, this chapter briefly reviews three methods of ship sewage treatment.
The first method—the holding tank, is mainly used in river vessels and coastal-going
ships, and the time of continuous voyage is relatively short; the second method—the
comminuting and disinfecting system, is rarely used alone, and in most cases it is
used together with ship sewage treatment plant; the third method—sewage treatment
plant, has been widely used on the ships because of its many advantages, in

particular the sea-going ships.

Various sewage treatment plants are based on different working principles, and each
has its advantages and disadvantages. However, the method which uses activated
sludge to treat ship sewage is the most popular in shipping market, due to two most
obvious advantages, namely less initial investment and lower operating cost.
Particularly, the ship-owners prefer this kind of treatment plant above all others, and
the market share of this kind of treatment plant is certainly the highest in the present

shipping market.

In the following chapters, the author will take the sewage treatment plant based on
activated sludge method for an example, further analyze and discuss the reasons for

illegal discharge of ship sewage and main points of PSC inspection.
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Chapter 4: Reasons for illegal discharge of ship sewage

4.1 Implementation of the annex 1V of MARPOL convention

In order to protect marine environment, the IMO has developed special regulations to
prevent pollution by sewage from ships. It is the annex IV of MARPOL convention,
which has entered into force on 27 September 2003 around the world. In accordance
with relevant requirements and provisions, all of the vessels engaged in international
voyage shall equip with a certain sewage system if the vessel’ gross tonnage is equal
to or more than 400 gross tonnage and the vessel is certified to carry more than 15
persons. Besides that, all of the ship sewage shall either be disposed or comminuted
and disinfected as requirement before discharge overboard or discharged into

reception facilities in shore.

Every ship shall be equipped with one of the three sewage systems: they are sewage
comminuting and disinfecting system, holding tank and sewage treatment plant.
Currently, almost all of the vessels engaged in international voyage have the “double
insurance”; in other words, most of the ships not only have the sewage treatment
plant but also the sewage comminuting and disinfecting system or the holding tank.
The main purpose is to ensure ship sewage to be disposed or discharged according to
the regulations of the MARPOL convention theoretically. However, in practice, the
implementation of the annex IV is unsatisfactory, especially in underdeveloped
countries and developing countries. In other words, illegal discharge of ship sewage
are still common in some waters around the world, and the more severe thing is some
of the crewmembers discharge untreated sewage deliberately in port or some waters

where discharging sewage is not allowed.
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Table 3: the number of deficiencies about Table 4: the number of cases of illegal
implementation of the annex IV and the discharge of ship sewage and the total

percentage of total number of deficiencies amount of fines in Shanghai port

time- | number-| % of total- time. number. | total-

2007 | 118- 0.14%. 2007 20 434000- |
2008- | 340- 0.37%. 2008- 54. 1165000
2009. | 727. 0.82%. 2009- 58. 1278000-
2010- | 879- 0.95%. 2010 48. 1091000-
2011 | 996. 0.94%. 2011- 56- 1360000-
2012 | 1013- 0.99%. 2012 68 1411000
2013- | 1070- 1.10%. 2013. 85 1883000
2014- | 1199. 1.32%. 2014. 91. 3548100-
2015- | 1301- 1.53%. 2015. 117 4590000

Source: compiled by author based on the Source: compiled by author based on

information from Tokyo memo's website annual report of administrative penalty

The IMO has attached more and more importance to the marine pollution caused by
ship sewage in recent years, and has taken some practical and effective measures to
strengthen the implementation of annex four. On the one hand, the IMO has granted
more stringent inspection rights to the port states, and the main purpose of which is
to urge the ships to dispose and discharge the sewage in strict accordance with the
regulations. According to the relevant statistics from the Tokyo memorandum, the
number of deficiencies found in PSC inspections about implementation of the annex
IV increased year by year. Similarly, taking Shanghai (the largest port in China) for
example, both the number of cases about illegal discharge ship sewage and the total

amount of the fines gradually increased in the last decade, all of which shows that the
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inspection of ship sewage is becoming more and more strict. The relevant data is

shown in the table 3 and table 4.

On the other hand, the IMO has established special area to limit the illegal discharge
of ship sewage. It is generally known that there is no special area for ship sewage at
the beginning of formulation of annex IV, but the Baltic Sea has become special area
at MEPC 62 in July 2011. New discharge requirements for passenger ships was given
out while in this area, and it is very likely that more and more special areas will be
established around the world in the future. In addition, some developed countries
began to develop domestic laws to regulate the disposal and discharge of ship sewage,
which was more strict than the international conventions, and the most important is

that the IMO has also gradually accepted the practice in developed countries.

Generally speaking, along with the social public marine environmental protection
consciousness strengthens gradually, the problems in the implementation of the
annex IV gradually exposed in recent years. Consequently, IMO and some developed
countries are trying to amend the annex IV of MARPOL convention by adding more
stringent provisions, and this kind of practice is the trend of the times and it is
irreversible. Everyone can imagine it is certain that the new amendments will
supplement or replace the current provisions in the annex IV of MARPOL

convention.

4.2 Reasons for illegal discharge of sewage

Nowadays, the sewage system or treatment plant on different vessels varies widely,
and the working principle of the different equipment is not the same. Moreover, due

to the difference of personal qualities and sense of responsibility, the working
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performance of crew members differs from one another. Besides that, the standard
and the degree of strictness of PSC inspections differ greatly in different contracting
states, especially some developed countries have formulated domestic laws which are
more strict than MARPOL convention, and the vessels arriving at these countries
must comply with their domestic laws. Consequently, there is a variety of reasons for
illegal disposal or discharge of ship sewage, including the direct and indirect reasons.
In the following section, taking the example of the most popular sewage treatment
plant on board—the activated sludge sewage treatment plant, the possible reasons

which cause illegal discharge of untreated sewage are as follows.

4.2.1 The direct reasons

4.2.1.1 Crewmembers are not familiar with the working principle

In normal circumstances, the sewage treatment plant shall be managed and
maintained by specific personnel from the department of engine. However,
sometimes, these specific personnel are not familiar with the working principle of
treatment plant, which often causes the plant to be used incorrectly. In this condition,
frequently, the ship sewage is discharged into ocean directly without full disposal or

adequate treatment.

The activated sludge sewage treatment plant is composed of aeration tank,
sedimentation tank, disinfection room, air blower and overboard discharge pump.
“Generally, the sewage is pumped into the aeration tank primarily; air blower inputs
the fresh air to sewage and makes the sewage intermix adequately with the activated
sludge. The organic matters in sewage is decomposed and transformed into inorganic

substance by means of the biochemical reaction, such as carbon dioxide and water,
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and then the activated sludge is flowed into sedimentation tank with sewage and
deposited the bottom of sedimentation tank. Subsequently, the activated sludge is
sent into aeration tank by means of return pipe and the clarified sewage is flowed
into disinfection room via the overflow pipe. After disinfecting and sterilizing, the
treated sewage is pumped overboard by discharge pump. (Shen, 2015, p.3)” The flow

chart is shown in figure 8.

The activated sludge sewage treatment plant must be kept running continuously.
Properly speaking, it is the air blower that shall be kept working; otherwise, the
activated sludge will be dead or invalid due to the lack of oxygen; therefore the crew
members must keep the button of air blower be switch on when the sewage treatment
plant is in working condition. However, in practice, so many crew members don’t
know the working principle. Sometimes the engineers keep the air blower working
intermittently, even switch off the button all the time, which will lead the activated
sludge to lose activity. If so, even the treatment plant is in working condition, the

sewage cannot be treated effectively.

Besides that, there are a few valves in the whole system. When the treatment plant is
in normal working condition, only the valve of aeration tank is open, the valves of
sedimentation tank and disinfection room must be closed at the same time. If these
valves are also open, the untreated sewage will flow directly into the discharge pump.
If so, some untreated sewage will be discharged overboard with the treated sewage,

which will still cause the pollution of marine environment.

4.2.1.2 Sewage treatment plant is lack of maintenance

In general, there should be specialized personnel to manage the treatment plant on
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board. In most cases, the specialized personnel are the fourth engineers, who will
keep the treatment plant in good condition at any time. The fourth engineers shall
carry out necessary maintenance, which is conducive to reduce the occurrence of
faults. However, in reality, the treatment plant keeps running all year round; very few
of fourth engineers carry out effective maintenance to treatment plants. If the
treatment plant is lack of maintenance, various kinds of malfunctions happen
frequently, which will cause the untreated sewage to be discharged overboard (Zhao,

2008, p. 31).

Figure 10: rust status of the aeration tank Figure 11: rust status of dosage tube

Source: photographed by author in 2013 Source: photographed by author in 2013

Of course, some fourth engineers have a strong sense of responsibility, and they are
willing to carry out maintenance. However, because the treatment plant is closed
equipment, it is difficult for the fourth engineers to see the internal structure of the
plants. Therefore, the major maintenance is only the appearance check in most cases.
Actually, the examination of internal structure is much more important than
appearance check, especially the inner pipeline. This is due to the fact that the inner
pipe of treatment plant is easy to get serious rust under the corrosive action of

sewage, if rust holes exist in the inner tube of air blower, the fresh air will not be
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transported into the sewage, which will lead activated sludge to become void and
inactivity (Wei, 2013, p.37). Besides that, the dosage tube is also very easy to rust; if
the rust cannot be removed in time, they will stop the disinfection tablets from
entering into the disinfection room, which will greatly reduce the processing effect of

treatment plant. Some pictures are shown in figure 10 and figure 11.

4.2.1.3 Some provisions in MARPOL convention are not properly understood

There are clear regulations for discharging and disposal of ship sewage in the annex
IV of MARPOL convention, and most of regulations are easy to understand. If the
crew members dispose the ship sewage in accordance with these regulations, it can
significantly reduce or avoid the pollution of the marine environment. However,
some provisions in the annex IV of MARPOL convention are not properly
understood by crew members, which is very likely to lead the untreated sewage to be

discharged illegally.

In these regulations, the definition of “the nearest land” is the most likely to be
understood improperly. As shown in figure 12, according to the written definition of
“the nearest land” in MARPOL convention, “the term ‘from the nearest land’
means from the baseline from the territorial sea of the territory in question is
established in accordance with international law” (International Convention for the
Prevention of Pollution from Ships, 1973). Actually, in other words, the nearest land
is a virtual line, not an idea of the nearest land or shore in geographical sense.
However, in practice, so many crew members misunderstand the notion of the
nearest land; they tend to think “the nearest land” is the nearest shore, reef or island.
In that case, the untreated sewage is very likely to be discharged in a country’s

internal waters or territorial waters (Guo, 2014, p.35).
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Figure 13: The baseline of the territorial sea outside the port of Shanghai

Source: compiled by author based on the picture obtained from www.shipxy.com
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As seen in the figure 13, if the crew members discharge the ship sewage at position A,
which is the center of the circle with a radius of 12 nautical miles, and the red line is
the baseline of the territorial sea outside the port of Shanghai. According to relevant
provision of annex 1V, it is allowed to discharge the untreated sewage at a distance of
more than 12 nautical miles from the nearest land. Although the position A is more
than 12 nautical miles from the nearest shore, reef or island, the position A is at the
inner side of the baseline of territorial sea. In fact, position A is located in internal

waters of China. Obviously, it is illegal to discharge untreated sewage at position A.

4.2.1.4 Ships have no the discharge rate table for sewage, or the crew members

fail to discharge sewage according to the requirements of discharge rate table

According to the relevant provisions of the MARPOL convention, the untreated
sewage stored in holding tank should not be discharged instantaneously, “but at a
moderate rate of discharge when the ship is en route and proceeding at a speed not
less than 4 knots, while the rate should be approved by the administration based upon
standards developed by the organization” (IMO, 2006). However, this standard does
not incorporate the dilution of sewage with water or grey-water into calculations of
the discharge rate. Therefore, “the rate is a conservative estimate and it is recognized
that discharges of sewage in accordance with this standard will present a higher level
of protection to the marine environment due to mixing prior to the actual discharge in

addition to the mixing action of the ship’s wake”(MEPC.157-55, 2006).

If the holding tank for untreated sewage is available for sea-going vessel, there
should be a discharge rate table on board, and the crew members responsible for
sewage operations should dispose the untreated sewage according to the

requirements of the discharge rate table. However, in practice, owing to negligence
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of the standards and regulations adopted by IMO, ships often do not have the
discharge rate table for untreated sewage. Even though the discharge rate table is
available on board, the crew members confess hardly to discharge the untreated
sewage in accordance with the requirements of table. In other words, due to the
difficulty of being found or detected, untreated sewage stored in holding tank was
discharged instantaneously in most of the cases, which obviously violates or deviates

from the regulations and requirements of MARPOL convention.

Table5: sample form of the table of discharge rate

DISCHARGE RATE (m'*/h)
SPEED (kt) 4 6 8 10 12
DRAFT (m)
5 4.63 6.94 9.26 11.57 13.89
6 5.56 8.33 11.11 ‘ 13.89 16.67
7 6.48 9.72 12.96 16.20 19.45
8 7.41 11.11 14.82 18.52 22.22
9 8.33 12.50 16.67 20.83 25.00

Source: obtained from resolution MEPC.157-55

4.2.2 The indirect reasons

4.2.2.1 Effective date of the annex 1V is too late

It is well known that there are six annexes in MARPOL convention, whose effective
date is very different. The effective date of the annex IV is later than other annexes
except the annex VI, in particular, compared to annex I, that entered into force on 2
October 1983, and it was more than 30 years from the effective date up to now;
almost all aspects of the annex | have been well implemented on board, as well as in
shipping companies. Meanwhile, the crew members and shipping companies have
adopted and accepted the requirement of annex I. However, the annex IV took effect

on 27 September 2003, and the effective period is just only more than a decade. Up
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to now, a great number of crew members and managers in company have not been
adapted or accustomed completely the regulations and requirements of the annex IV.
As a result, the probability of making a mistake or misoperation in the discharge of
untreated sewage is very high, and the illegal discharge of sewage is still relatively

common in reality.

4.2.2.2 Sewage pollution has received little attention

As we all know, the six annexes of MARPOL convention were related to six kinds of
pollutants, and the order of the effective date reflects the different degree of attention
from the social mass. In general, the earlier the annex comes into force, the greater
harmful of the pollutants involved in the annex. Sometimes, some pollutants are very
harmful to marine environment, but it is late when people realized the damage of

them, such as ship sewage, marine exhaust gas.

Nowadays, many people have realized that the ship sewage has a great damage to the
marine environment, but it is widely believed that sewage pollution is far less than
oils pollution to marine environment. Consequently, ships and shipping companies
fail to attach the same importance to sewage as oils and toxic substance. From the
actual situation, compared with oils, explosive materials, noxious and harmful
substances, the degree of attention from vessels and port state control, as well as the

shipping companies and contracting government is far from enough.

4.2.2.3 PSC inspections are not strict enough

Due to a lack of enough attention and research previously, the problem of marine

pollution caused by ship sewage is becoming more and more serious, and people are
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paying more and more attention to this problem. However, compared with oils and
harmful substances, the degree of concern is still not enough. Currently, so many
inspections are carried out on ships, such as PSC inspection and pollution prevention
inspection and so on, but these inspections related to ship sewage are not strict
enough. The inspectors often only carry out inspections on the certificate and the
appearance of the sewage treatment plant, which is very difficult to find illegal action

on discharging untreated sewage.

In addition, the present PSC inspection procedure is flawed, which is not good for
detecting the illegal discharge sewage timely. According to present PSC inspection
procedure, the PSCO shall first check overall condition of ship, then go to the
captain’s cabin or meeting room to carry out the inspections about the relevant ship's
certificates and documents. If there are clear grounds in the initial inspection, a
detailed inspection is necessary. Actually, sewage treatment plants are closed on
some ships when the ships are in the period of the mooring at berths, and the
untreated sewage is discharged into port waters directly. If PSCO comes on board to
conduct inspection, due to the fact that usually the inspectors do not first go to the
engine room to carry out inspection, there is enough time to destroy the evidence of
illegal discharge of sewage and open the treatment plant for the crew members who
are responsible for managing and operating of the plants. Owing to the defect of the
procedure of PSC inspection, it is very difficult to detect the case of illegal discharge

sewage on board for PSC inspectors.

4.2.2.4 Reception facilities at ports and terminals are not perfect

According to regulation 12 of annex IV of MARPOL convention, every contracting

government shall ensure that ports and terminal provide adequate reception facilities
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for reception of sewage to meet the needs of the ships using them, without causing
delay to ships. However, the number of reception facilities is not enough in practice,
in particular in the undeveloped and developing countries, the problem is more
obvious and prominent. In most ports and terminals, few of companies or ships may
provide the service of sewage reception, which lead to many ships have to discharge

untreated sewage into ocean directly.

Currently, it is common that the urban domestic sewage cannot be treated or disposed
in many undeveloped countries, let alone the ship sewage. Even if there are some
companies and harbor boats engaged in ship sewage reception, due to lacking of
effective supervision from competent authority and government, the most sad thing
is that the receiving companies or the receiving boats are very likely to discharge the
received sewage into port water area once again after receiving the untreated sewage,
instead of transferring the received sewage to designated place to dispose by specific
companies. This is another important reason for the large amount of untreated ship

sewage being discharged into port waters.

4.3 Chapter summary

To summarize, compared with oils and toxic substance, the marine pollution caused
by ship sewage is not so quick and unsightly, but sewage still has a great damage to
the marine environment, and people did not pay enough attention to it in the past.
Therefore, due to various reasons in the above discussion, the implementation of the
annex IV of MARPOL convention is not ideal and unsatisfactory, and a large amount

of raw sewage is discharged into port waters or ocean in the world every year.

Urban domestic sewage cannot be effectively treated in some countries, especially in
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undeveloped countries and developing countries, not to mention the ship sewage. At
the same time, some poor shipping countries have not joined and recognized the
MARPOL convention, let alone to make their own laws and regulations.
Consequently, due to the lack of effective supervision, besides the ships engaged in
international voyage, so many coastal vessels and river vessels discharge untreated
sewage into ocean directly, and the marine environment of the port waters is

gradually deteriorating.

Fortunately, The IMO has attached more and more importance to this problem in
recent years, and the establishment of special region of Baltic Sea in 2011 is an
obvious sign. Besides, many port states have also increased the intensity and
strictness of the PSC inspection recently. Meanwhile, they also did their best to
improve the reception facilities at ports and terminals, all of which help to prevent

the pollution caused by sewage.
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Chapter 5: Procedure and main points of PSC inspection

5.1 Current procedure of PSC inspection

According to IMO resolution A.787 (19), port states shall carry out PSC inspection in
accordance with the predetermined procedures, and the PSC officers must
accomplish the initial inspection before a detailed inspection. In general, the officers
begin initial inspection before embarking on a ship, mainly the general appearance
inspection of the ship and the PSC historical records inspection, which can help the
officers to learn about the overall condition of the ship. Besides that, the initial
inspection also covers the ship certificates and documents, mainly the validity of the

certificates and the normativity of the documents.

If the above mentioned items are very good, the inspection is over and the ship is
allowed to continue its voyage. However, if the PSC officers find that the ship lack
certificates or the certificates are not valid; perhaps after general inspection, they
consider that there are clear grounds for believing that the ship does not substantially
comply with the relevant provisions and requirements of the safety of ships or the
prevention of pollution, then the PSC officers have the right to carry out a detailed
inspection. After the detailed inspection, if they find that one or more serious
deficiencies exist on the ship and the ship is regarded as a substandard ship, the PSC

officers have good reasons to detain the ship.

Obviously, the above mentioned procedure is not perfect. After embarkation, the PSC
officers have to firstly spend a great deal of time and effort on checking the
certificates and documents. It is very difficult to find the ship’s illegal action and

deficiency for the PSC officers, because during this period, the crew members have
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enough time to destroy and hide the evidence and fact of illegal operation or
unlawful act. For example, the crew member discharge the untreated sewage into
port water directly, when the PSC officers are checking the certificates and
documents after embarkation, the crew members have enough time to switch on the
power of sewage treatment plant. If so, the PSC officers could hardly find the
previous illegal discharge action when they inspect the sewage treatment plant. Of
course, if the PSC officers suspect discharging sewage illegally exists on board, they
may take a sample and test to ascertain whether the sewage meets the discharge
requirements of convention, but the procedure of sample is so complex that almost
no one would like to do it. In addition, the period of test is too long, it will take four
or five days at least to await the test report in normal condition. If the officers detain

the ship according to the test result, it often causes undue delay to the ship.

Consequently, the PSC inspection procedure should be changed slightly in my
opinion. After embarkation, the PSC officers first go to engine room to check the
sewage treatment plant and oil-water separator roughly, and then get into captain’s
cabin to check the certificates and documents. If two officers embark ship to carry
out inspection, one of them goes to captain’s cabin and another gets into engine room
to check the pollution prevention equipment. If so, the PSC officers often can obtain

the direct evidence of illegal discharge of ship’s pollutants.

5.2 The main points of PSC inspection

5.2.1 Initial overall condition check

Normally, the PSC inspection is performed by two officers. As mentioned above, in

order to obtain the direct evidence of illegal discharge of ship’s pollutant, after
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boarding ship, the two inspectors should follow two routes to carry out inspection.
When one officer enters captain’s cabin to check the ship certificates and documents,
another officer should get into engine room quickly to inspect the ship sewage

treatment plant immediately.

Generally speaking, this kind of inspection is mainly initial overall condition check.
After getting down engine room, the PSC officer should firstly find the location of
sewage treatment plant and check whether the sewage treatment plant is working or
not at present. If the treatment plant is not running, the officer should use a camera to
take a picture or video as evidence immediately, and then ask the engineers whether
the ship has a sewage holding tank. If not, the fact is existing that the ship discharges
the untreated sewage into harbor waters; if the engineers answer yes, the officer
should go to captain’s cabin to examine the sewage certificate to confirm whether

there is a holding tank recorded in the ISPP certificate.

5.2.2 Change-over valve inspection

At present, there is a change-over valve on the sewage pipeline in most of ships,
whose main function is to control the flow direction of untreated sewage. The
untreated sewage can be fed into treatment plant or holding tank, and can also be
flowed overboard through the change-over valve. The schematic diagram is shown in
figure 14. In general, the change-over valve is located on the pipeline near the
treatment plant or holding tank, and the main goal is to facilitate the conversion

operations of sewage for the crewmembers.

After inspection of sewage treatment plant, the PSC officer should go to search the

change-over valve on the sewage pipeline at first time, and check the change-over
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valve’s working position to ascertain whether the untreated sewage is flowing into
the sewage treatment plant or holding tank. If not, it is obvious that the crew
members directly discharge the untreated sewage overboard deliberately. One thing
to note is that it is very quick to switch the change-over valve. Therefore, the PSC
officer should find the change-over valve as soon as possible before the crew
member switches on/off it. In practice, some ships discharge untreated sewage
overboard through change-over valve in port waters, and they carry out the
conversion operation only when they see the PSC officers boarding ship. If they
accomplish the conversion operation before the PSC officer finds the change-over
valve, it is very difficult to find the evidence of illegal discharge of untreated sewage

for the PSC officer.

Figure 14: the change-over valve on the sewage pipeline

Source: compiled by author based on the pictures taken by the author in 2014

5.2.3 Air blower inspection
According to the introduction and discussion in 3.3.4.1, fresh air needs to be sent into

the aeration tank persistently, and the main purpose is to keep the activity of sludge

in the aeration tank. Actually, the bacteria in activated sludge are aerobic, and they
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need the fresh air to keep activity. If fresh air is stopped, the bacteria will lose their

activity and die. Therefore, when the sewage treatment plant is running, the button of

blower must be in the state of opening.

Figurel5: the indicating lamp of air blower.

ource: compiled by author based on the picture Figure 16: the control panel of treatment plant.

taken by author in 2014. Source: compiled by author based on the picture taken

As shown in figure 15, there are
several indicating lamps on the
control panel of sewage treatment
plant, but only two indicating
lamps are luminous under normal
conditions: one is the main power,
and another is the air blower.
When inspecting the sewage
treatment plant, the PSC officer

should pay special attention to the

Figurel7: the pressure gauge of air blower- | air plower. As shown in figure 16,

Source: photographed by author in 2014

if the indicating lamp of air
blower does not light up, which means the air blower is not working. In such case, it

is almost impossible that the ship sewage is treated or disposed effectively by the
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sewage treatment plant.

Besides the indicating lamp, the PSC officer also focuses his attention on the
pressure gauge of air blower, and he should check the pressure gauge whether the air
pressure is within normal limits. As shown in figure 17, if the air pressure is zero or
below the specific figure when the air blower is working, which certifies the fresh air
cannot be imported into sewage, and the aerobic bacteria in the activated sludge will
lose its activity and die (Xv, 2010, P.49). Under these circumstances, it is almost a
certainty that there are holes on the air pipeline; therefore, further inspection to the

inner air pipeline is necessary.

5.2.4 Internal structure inspection

In most cases, the PSC officers only conduct external visual inspection to the sewage
treatment plant, and they almost rarely pay their attention to the internal structure and
pipeline (Wei, 2013, P.39). Because of the strong corrosiveness of untreated sewage,
the internal metal structure and pipeline are easy to rust, especially the treatment
plants which have not been changed or replaced after the installation. If the corrosion
of internal structure is very serious, the processing capacity of the treatment plant

will be greatly reduced, and even the treatment plant may be completely ineffective.

In practice, the crew members use the treatment plant every day, but they rarely care
about the internal structure and pipeline, which often leads the crew members to
ignore the chemical change in the internal structure. Admittedly, it hardly gets rust in
the first few years after the installation, and paying special attention to the internal
structure and pipeline is also unnecessary for the crewmembers. However, the subtle

chemical change happens all the time and the rust of metal internal structure will
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become more and more serious (shown in figure 18). As time passes slowly, the

processing capacity and efficiency will also be gradually reduced (Wei, 2013, P.38).

Figurel9: the internal pipeline of treatment plant.

Figure 18: the internal structure of treatment plant.

Source: photographed by authorin 2014. Source: photographed by authorin 2014.

When the PSC officers check the sewage treatment plant, they may open the sealing
cover to check the corrosion of the internal structure, particularly the fresh air tube
connecting to the air blower, as shown in figure 19. If there are rust holes existing on
the internal air tube, although the air blower is in working condition and air pressure
is within normal limits, because of serious gas leakage from the rust holes, the
aeration of raw sewage is not sufficient either, which will either lead to the sewage
cannot be fully mixed with the activated sludge. Meanwhile, the aerobic bacteria in

activated sludge will also lose activity and die.

5.2.5 Checking the disinfection tablet and tube size

According to the introduction in 3.3.4.1, it is well-known that the treated sewage

needs to be disinfected before discharging overboard, and the international common

practice is that the crew members artificially put the tablets in sewage to disinfect
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currently. In normal condition, the disinfection tablets are fed into sewage through a
tube whose end connects a metal filter screen, and the filter screen is immersed in
sewage. Usually, the disinfection tablets are overlapped on filter screen in the tube
one by one. After the nethermost tablet dissolves, the upper tablet falls down on the
filter screen under gravity effect (shown in figure 20), which effectively ensures that

the sewage can be automatically disinfected.

Source: photographed by authorin 2013. Source: photographed by authorin 2013.

The engine room is usually a muggy and humid environment, so the bare metal parts
are very easy to rust in such damp conditions. In general, the outer surface of the
disinfecting tube is coated with paint, but the inner surface is exposed to the humid
air, as well as the difficulty in maintenance, the disinfecting tube is usually blocked
because of the rust on the tube inner wall (illustrated in figure 21). When the PSC
officers carry out inspection to the sewage treatment plant, they should pay special
attention to the disinfecting tube, open the lid and check the rust condition of the tube
inner wall. If what they see in the inspection looks like figure 21, it is definitely
certain that the disinfecting tube is blocked by rust, which means that the disinfection

tablets cannot be fed into sewage, and the sewage cannot be completely disinfected.
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Besides that, the size of the disinfection tablets is another checking point for the PSC
officers. Surely we all know that the diameter of the disinfecting tube is very
different in variety of sewage treatment plants, and the size of disinfection tablets is
also different in the market, and the various disinfecting tablets are shown in figure
22. Therefore, the shipping company should provide different sizes of disinfecting

tablets in accordance with the diameters of the disinfecting tube.

Figure 22: the various disinfecting tablets

Source: photographed by author in 2013

However, as a matter of fact, some disinfection tablets are provided whose diameter
does not accord with the size of the disinfecting tube in some ships. Sometimes, the
crew members have to crush or smash the disinfection tablets, or the tablets could not
be put into the tube; and sometimes the crew members put a number of tablets in the
tube at the same time, which could cause the tablets to be stuck in the tube. If so, the
disinfection tablets cannot contact with sewage in plant; in other words, the sewage

discharged overboard is not disinfected.

5.2.6 Discharge record inspection
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According to the relevant requirements of MARPOL convention, the untreated
sewage stored in holding tanks shall be discharged into ocean in the light of the
requirements of discharge rate table at waters away from the nearest land at least 12
nautical miles. Meanwhile, if possible, the relevant information should be recorded
in special log book or engine log book, mainly the starting time and GPS position,

the ending time and GPS position, as well as the depth and the ship’s speed.

Territorial sea baseline

Figure 23: chart plotting of the discharge operation (A+B)

Source: compiled by author based on the picture taken by author in 2014

When the PSC officers inspect the discharge operation records, they may mark the
discharge position and the baseline of territorial sea on nautical chart to check
whether the discharge position meets the nearest distance requirement. Besides that,
referring to discharge time recorded on engine logbook, GPS position and nautical
chart data, the PSC officers can also check whether the discharge operation meets the

requirements of discharge rate table.

As shown in figure 23 A, when the ship discharges untreated sewage into ocean, it is

anchored in anchorage, not en route, so the discharge operation is not in accordance
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with requirements of discharge rate table. In addition, the discharge position is
located in waters inside of the territorial sea baseline; actually, the position is located
in Chinese inland waters, so the discharge operation is illegal. Similarly, as shown in
figure 23 B, the depth and the ship’s speed meet requirements of discharge rate table,
but the position is also located in Chinese inland waters, therefore, the discharge

operation is also illegal.

5.2.7 Checking return pipe

In the activated sludge treatment plant, there is a special pipe between the aeration
tank and sedimentation tank. It is the sludge return pipe, which is mainly used for the
sludge backflow. When the sewage is discharged into sedimentation tank from
aeration tank, some sludge is also discharged into the sedimentation tank with the
sewage, and the sludge in the aeration tank will be less and less as time goes on, so
the sludge need to be returned back to the aeration tank to ensure that the subsequent

sewage can be treated effectively.

Figure 24: the return pipe illustrated by a torch

Source: photographed by author in 2013
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Some lazy crew members sometimes throw pericarps, seed shells, tea-leaves and
cigarette ends as well as other garbage into the toilet, which is very easy to cause the
blocking of the return pipe. Once this pipe is blocked by garbage, which means the
sewage treatment plant is in trouble and the raw sewage cannot be treated normally.
Therefore, the PSC officers shall attach enough importance to this problem. In
normal conditions, the return pipe is transparent rubber hose; when the hose is
illuminated by a torch (as shown in figure 24), the PSC officers can check whether
the liquid is flowing from sedimentation tank to aeration tank. If not, it is obvious
that the return pipe is blocked by something, and the PSC officers shall inform the

relevant crew member to carry out the clean-up action immediately (Xv, 2010, P.49).

5.2.8 Checking the crew member’s practical operating ability

There are dozens of valves on the sewage treatment plant to control the flow
direction of sewage (as shown in figure 25). When the treatment plant is running,
some valves are open and others are
closed. If one of the valves is in the
wrong position, it means the sewage

treatment plant is not operating

properly.

Generally speaking, there is a

schematic diagram of working

principle pasted on the surface of
Figure 25: the valves of treatment plant.

sewage treatment plant, and the

REHIES: photogr aphed by authior 10 2013, name and function of each valve are

illustrated in the schematic diagram (shown in figure 26). The crew member who is

50



responsible for management of the plant
shall be very familiar with daily
operation of the plant. Besides that,
there are also operating instructions
pasted on the surface of sewage
treatment plant (shown in figure 27),
those who are not familiar with the
treatment plant can also operate the
treatment plant correctly according to

the operating instructions.

Figure 26: the diagram of treatment plant
Source: photographed by author in 2013«

Figure 27: the operating instructions of sewage treatment plant

Source: photographed by author in 2014
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Unfortunately, so many crew members who are responsible for management of
treatment plant are not very familiar with the working principle, and some crew
members cannot operate the equipment correctly even if they refer to the operating
instructions. Therefore, checking the crewmembers’ practical operative ability is very

necessary.

When the PSC officers inspect the
sewage treatment plant, they may
ask crew members some questions
about the routine  working
situation, such as the correct
position of each wvalve, the
frequency of use of disinfection

tablets and so on. Additionally, as

&

shown in figure 28, the PSC

officers  also ask  the crew Figure 28: the inspection of operating ability

Source: photographed by author in 2013.

members to operate the sewage

treatment plant by themself, such as testing the high and low level alarm of

disinfection room, switching the change-over valve etc.

5.2.9 Checking the holding tank

In order to meet the general requirements of the MARPOL convention and the local
regulations of different countries in the world, at present, some seagoing ships
engaged in international voyages have the “double insurance”. In other words, they
not only have the sewage treatment plant but also the holding tank. It is not allowed

to discharge the sewage treated by treatment plant into port waters in some
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developed countries. If the ship needs to stay at port a few days for loading and
downloading cargo, it has to store the raw sewage in holding tank and discharge into

the open sea after departure.

According to relevant requirements of regulation 9 of chapter 3 of annex 1V, if the
ship has a holding tank, the construction of holding tank shall satisfy the
administration and shall have a means to indicate visually the amount of its contents.
In most instances, as shown in figure 29, there is an indicator scale to display the
liquid level on the exterior bulkhead of holding tank; even there is a high water level
alarm on some ships. When the holding tank is full, the alarm will alert the crew

members to discharge the sewage in time.

Figure29: the indicator scale of the holding tank

Source: photographed by author in 2014

In addition, when a ship stays in a port for a long time, it is very possible that the

capacity of holding tank is insufficient. If the raw sewage is discharged into holding
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tank continually, the untreated sewage will overflow to the bottom of engine room. In
this case, some crew members often discharge the sewage into slop tank or special
ballast tank to avoid the occurrence of overflow. If so, the ship will violate the
relevant regulation of annex | of MARPOL convention, as well as relevant

requirements of the BWM convention 2004.

5.3 Chapter summary

In conclusion, the author firstly points out the major drawback of the current PSC
inspection, then discusses main points of PSC inspection about ship sewage in detail
in this chapter. In fact, the types of inspection are not limited to PSC; the port states
may also carry out pollution prevention inspection, so that the inspectors can

circumvent the current inspection procedure.

As to the main points of inspection, because the working principle of activated
sludge process is very similar to that of the membrane bioreactor, the main points of
inspection are basically the same and the two systems are the most widely used on

ships currently.

Of course, the main points of inspection include, but not limited to the contents of the
above discussion, and the inspectors should first understand the working principle
and accumulate work experience gradually in the actual work. If so, the inspectors

can carry out a detailed and comprehensive inspection to the sewage treatment plant.
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Chapter 6: Suggestions on strengthening management of ship sewage

Along with sea economy and shipping economy development, ships quantity
increasing day by day. Due to the improper discharge of ship sewage, the pollution to
the marine environment is becoming more and more serious in recent years.
However, with the enhancement of public awareness of environmental protection, the
pollution caused by the ship sewage to marine environment has recently received
more and more attention. The marine environment pollution caused by ship sewage
is a complex problem and involves the interests of many parties. In order to solve
this problem, it needs the good cooperation and concerted effort from crew members,

shipping companies, flag states and port states, as well as the IMO.

6.1 Crew members

6.1.1 Improving the professional quality by targeted training

In normal conditions, before embarking on a ship, the crew have been trained and
obtained the certificate of competency, but it does not mean that the crew is very
familiar with all kinds of equipment on the ship. Because there are a variety of
equipment and instruments on board, the working principle and the daily operation
condition are very different from each other; the crew must understand the working
principle and keep the necessary maintenance to the equipment or instruments which

are managed by them.

Almost all the equipment and instruments in engine room have the operating
instructions for the crew members. However, some instructions are written in foreign

languages, which are not the working language on the ship; so the crew members
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may not be familiar with the languages and can’t understand the specific content of
instructions. Therefore, the professional quality of the crew is a key issue, and the
professional quality of the crew decides whether they are suitable and qualified for
their position. The targeted training is an effective way to improve the professional
quality of the crew. Consequently, in addition to the general training, the crew should
also receive targeted training, especially the practical skills training and English

language training, which can improve the professional quality of the crew greatly.

6.1.2 Complying with conventions, laws and regulations consciously

There are definite rules about how to deal with the ship sewage in MARPOL
convention, and some developed countries have enacted laws and regulations to
restrict the deliberate discharge of sewage from ships in recent years, all of which
shall be well implemented on all kinds of vessels. The crew members, whether they
are working on a seagoing ship or an inland river vessel, should have a good sense of
social responsibility, so they should be well aware of that protecting marine

environment is the obligatory duty of every crew member (Li, 2008, p.37).

If discharging raw sewage illegally is found by competent authorities or PSC officers,
the crew member will be severely punished. But it is very difficult to find illegal
discharge of raw sewage in most of time. Therefore, it is very important that the crew
members consciously follow the laws and regulations to dispose or discharge the raw
sewage. In other words, the crew members shall consciously abide by the laws and
regulations to dispose or discharge the raw sewage; it should not be the reasons of
fear of punishment for illegal discharge of sewage, but because they want to protect
the marine environment sincerely. If all the crew members can recognize this point,

the pollution of marine environment will be eased and alleviated.
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6.1.3 Strengthening the maintenance of sewage treatment plant

Almost all the equipment and devices on board need to be necessarily maintained
after a period of time, otherwise they are likely to be damaged within a short time or
the frequency of failure will be greatly increased. The sewage treatment plant is one
kind of complicated equipment. Therefore the crew members should always check
the operation condition and keep necessary maintenance in the daily use process, for
example, the air pressure of blower, the inner pipeline and so on. Meanwhile, the
crew members need to remove the rust of inner surface of disinfecting tube. Once the
crew members find the damaged parts or other abnormal situation, they should
immediately repair them or notify the shipping company to replace them to keep the

treatment plant in good condition.

6.2 Shipping companies

6.2.1 Staffing qualified crew and equipping effective plant

The shipping companies purchase ships and employ crew members to carry out
freight transportation at sea, so they should bear the ultimate responsibility for ship
safety and pollution prevention. In daily operation, safety accident and pollution
accident are the most anxiety of shipping companies. Once safety accidents or
pollution accidents happen, the shipping company will be greatly affected, and may

even face collapse.

Among all the factors affecting the ship safety, the ability and quality of crew
member is the most important and critical factor. Therefore, the shipping company

should staff qualified crew members for their ships. Besides that, the shipping
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company should also equip with suitable and effective sewage treatment plants for
the ships, as well as enough spare parts. If so, the suitable and effective treatment
plants are operated and used by qualified crew members, and the situation of illegal

discharge of untreated sewage can be effectively curbed.

6.2.2 Strengthening the training and assessment of the crew

Today is an era of information and knowledge explosion, especially science and
technology develop rapidly in recent years, and new technology products and
equipment are continually being applied to the ships. Even if the crew member holds
the competency certificate before working on the ship, it is still very difficult to
ensure that the crew member is competent throughout his career. As a result, the
shipping company should constantly provide knowledge update training for the crew
members at ordinary times. When new-style sewage treatment plant is applied to the
ship or the crew member is not familiar with the daily operation of the plant, a

targeted training is very necessary.

In addition, it’s not enough to just depend on training for the crew members. The
shipping company should also carry out assessment to the crew members’ daily work
performance, mainly check out their achievement, ability, attitudes and motivation in
their jobs, and combine the assessment result with their salary, which is very helpful
to improve the crew members’ subjective initiative. For example, the shipping
company should check crew member’s operational ability of sewage treatment plant,
daily round check and maintain, repair and cleaning frequency, operating record and
so on. All in all, the shipping company should strengthen the assessment of the crew

members, which will help them to do their job better.
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6.2.3 Establishing internal quality management system and strictly

implementing on the ships

Under normal conditions, nearly all large shipping companies established internal
quality management system a few years ago, and the daily operation on the ships is
in accordance with the requirements of the quality management system. The accident
rate of the ships is obviously decreased, so the system plays a very important role in
the management and operation of the ships. If all shipping companies are able to
establish internal quality system and strictly implement on the ships; meanwhile,
daily operation, management, maintenance and routine inspection of ship sewage
treatment plant should be included in the quality system and form a closed loop
management. In that case, the sewage treatment plant is properly used and the illegal

discharge of the raw sewage will be greatly reduced.

6.3 Flag states

6.3.1 Strictly conducting the survey and certification

After the installation of the treatment plant and before the operation of the ship, the
sewage treatment plant should be surveyed by the administration and obtain a
certificate. When the validity of the certificate expires, the administration should also
carry out a renewal survey to the treatment plant and issue a new certificate. In
general, the survey and certification are conducted by the classification society in
most countries. Of course; first of all, the classification society needs to be

authorized by administration of flag state.

When the administration or the classification society carries out survey, the surveyors
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should carefully examine the overall condition of the treatment plant and test
whether the plant is in conformity with the requirements of the convention or
domestic laws. In particular, when the surveyors carry out renewal survey, they
cannot be judged only on the basis of the appearance of the treatment plant, but
rather, they should pay close attention to the internal structure of the treatment plant,
such as checking whether there are rust holes on the internal pipeline of air blower,
the rust condition of disinfecting tube and so on. If there are defects affecting the
normal operation of plant, the surveyors should inform the crew to rectify them, and
then issue the new certificate (Xv, 2010, P.50). Besides that, the flag states should
establish accountability mechanism. If the surveyors issue a certificate to a treatment
plant which is obviously not in conformity with the requirements, that is to say, their
survey is not in accordance with the relevant standards or there are other derelictions
of duty, once it is discovered, the surveyors should be stopped to perform his duties

permanently.

6.3.2 Strictly supervising the coastal vessels and the river vessels

In fact, besides the ships engaged in international voyages, there are a large number
of coastal vessels and river vessels in most coastal states, and the number of these
ships is much more than that of the ships engaged in international voyages. Generally
speaking, these ships are not bound by the international conventions and lack the
strict supervision of other the port states, so the flag states shall refer to the
international conventions to make more rigid domestic laws and regulations to

manage these ships.

According to the different characteristics of ship routes, the domestic laws should

require these ships to equip different sewage systems. For example, the coastal
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vessels always sail on the coastal waters and can dock at berth about a few days later;
so these ships should equip a sewage treatment plant or comminuting and
disinfecting system, and ship sewage may be discharged into ocean after being
treated by treatment plant, or discharged into ocean after being comminuted or
disinfected at waters away from nearest land 3 nautical miles at least. The river
vessels only sail in the rivers and never go to high sea, so these vessels must have a
holding tank with enough capacity. Meanwhile, the discharge pipeline should be
sealed off by administration and used only in emergency. If the administration of flag
state supervises the coastal vessels and the river vessels strictly, the illegal discharge

of the raw sewage will also be greatly reduced.

6.4 Port states

6.4.1 Providing adequate reception facilities at ports or terminals

Based on the above discussion and introduction in 4.2.2.4, it is well known that one
of important reasons for illegal discharge of raw sewage from ship is the lack the
adequate reception facilities at ports or terminals. The port states should develop
incentive measures to encourage relevant companies to set up more reception
facilities in ports or terminals, and the charges should be reasonable and feasible,
which is conducive to improve the ship’s initiative of discharging raw sewage into

reception facilities.

Currently, because it is very convenient to send the sewage collected to sewage
treatment works to dispose for the harbor boats, and the charge is lower than that of
other reception facilities, it is very common that harbor boats are used as the

reception facilities to collect the raw sewage in many ports. However, there is a
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serious problem about the receiving ships. Due to lacking in effective supervision
from administration, the receiving boats are very likely to discharge the collected
sewage into port waters once again after receiving the untreated sewage, instead of
transferring the untreated sewage to place designated or sewage treatment works.
Therefore, the administration shall develop strict laws and regulations to supervise
the receiving boats and ensure that the collected sewage cannot be discharge into port

waters once again (Yuan, 2010, p.41).

6.4.2 Conducting strict inspection to the ships arriving at ports

If the untreated sewage is discharged into port waters, it will cause serious pollution
to marine environment of port states, so the port states shall conduct strict inspection
to the ships arriving at ports or terminals. Before embarking the ship, the officers
should make a clear division of inspection, and one of the officers should go to
engine room to check the sewage treatment plant firstly. When carrying out the
inspection, besides checking the appearance of treatment plant, the officer should pay
close attention to the internal structure, the disinfecting tube, the air pressure of
blower, the operating ability of crew member, the discharge record and so on. If

necessary, the officers may take a sample and test (Zheng, 2008, p.141).

6.4.3 Research and develop the rapid testing equipment

At present, the test of sewage will take a few days in normal conditions. After
receiving the test report, if the officers detain the ship according to the test result, it
often causes undue delay to the ship, so the officers are not willing to take a sample
and test. The port state should organize relevant scientific and technical companies to

research the rapid testing equipment. If this kind of equipment is invented in the near
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future, the officers can test biological indicators of sewage rapidly using this kind
equipment. Meanwhile, the officers can quickly judge whether the treated sewage
meet the discharge requirements of convention. In that case, it can not only quickly
determine whether the illegal discharge of sewage exist on the ship, but also avoid

causing undue delay to the ship (Xv, 2010, P.50).

6.4.4 Making rigid laws to punish the illegal discharge

Once the ship is found to illegally discharge sewage into port waters, it is inevitable
that the ship will be punished by port authority, but the seriousness of a punishment
varies greatly in different countries. On the whole, compared with illegal discharge
of oil, the punishment of sewage is significantly lower than that of oil. In order to
protect marine environment genuinely, especially the port waters, the port states
should make rigid laws to punish the illegal discharge of sewage. In addition to
administrative fines, when necessary, the port states may also detain the ship, or
notify the violation to the administration flag states of the ship, even may put the
crew member responsible into prison when there are sufficient evidences to show

that the ship discharge raw sewage into port waters maliciously.

6.5 The IMO

6.5.1 Comprehensively amending the annex 1V

According to different actual conditions, each annex of MARPOL convention is
constantly being revised in the follow-up assembly since its enactment, and the main
purpose is make these annexes more adapted to the new circumstances and

requirements, also in order to better protect marine environment. In most cases, only
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a few provisions, regulations, or several chapters are revised by resolutions or
protocols, and the whole annexes or conventions are amended by resolutions or
amendments. For example, the annex V of MARPOL convention was amended by
the resolution MEPC. 201(62) in July 15, 2011, and the entire contents of annex V

was replaced by the new amendment, and entered into force in January 1, 2013.

However, generally speaking, both the content and the number are less than other
annexes about the revision of the annex IV, and it was almost not modified since the
effectiveness and implementation. Therefore, the IMO shall comprehensively amend
the annex IV. The types of ship sewage should be extended firstly, and at least it
should include bath water and kitchen wastewater. Secondly, discharge requirements
should be more stringent, and the sewage shall not be allowed to discharge overboard
in port waters, even if it is treated by plant. Thirdly, more special area or emission
control area should be found to limit the arbitrary discharge of sewage around the
world. In a word, it is time that the IMO initiates to develop a new annex to replace

the existing annex IV.

6.5.2 Conducting the mandatory audit to all member states

As a professional organization concerned with the navigation safety and pollution
prevention of ships, the IMO should do its utmost to urge and supervise all member
states to fulfill their obligations. Voluntary IMO member states audit scheme have
been practiced for several years, but there is still a gap between the current role and
expectations, so the mandatory audit is necessary. Fortunately, the auditing
mechanism of all IMO member states has been changed from voluntary audit to
mandatory audit from 1 January 2016, which is helpful to ensure that the member

states give full and complete effort to their obligations and responsibilities contained
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in a number of IMO treaties. When carrying out the mandatory audit, the auditors
should pay a close attention to the training of crew and PSC officers, domestic
legislation and reception facilities at ports and so on. In brief; the mandatory audit
can achieve harmonized and consistent global implementation of annex IV for all

IMO member state.

6.5.3 Creating a blacklist system

The blacklist system is always a powerful measure to supervise individual and
company to abide by the relevant laws and regulations, and there is no exception in
the shipping industry. In order to supervise the ships and crew to dispose and
discharge the ship sewage in strict accordance with conventions and laws, the IMO
shall create a blacklist system: the ships of the deliberately discharge untreated
sewage into port water should be included in the blacklist, and the IMO should
regularly publish the blacklist to all member states. When the ship arrives at other
ports, the PSC officers should pay close attention to the ship and carry out strict
inspection. In that case, the ship would fall into trouble and inconvenience, which
will compel the shipping company to strengthen the management of the ships and the
training of crew members, so the blacklist system helps to reduce the illegal

discharge of ship sewage.

6.6 Chapter summary

A large amount of untreated ship sewage is discharged into ocean every year; this
situation is continuing, and the marine environment is deteriorating. Everyone should
have a clear understanding of the current grim situation of marine pollution, and all

the member states should make joint efforts or work together to stop and change the
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terrible situation.

Five parties, the crew members, shipping companies, IMO, flag states and port states,
can co-play a unique and important role in their respective fields. If crew members
are qualified and competent, shipping companies have a sense of social responsibility,
flag states and port states attach great importance to environmental protection, and
the IMO develops more stringent discharge requirements, if there will be good
cooperation and joint efforts among the five parties, this bad situation will be

changed in the near future.
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Chapter 7: conclusion

It is the consensus of most people that shipping is an important industry with very
long history, and relevant documents show that shipping has been served all
humanity for nearly 5000 years. Shipping can provide a significant service to almost
everywhere on the global, and more than 90% of world freight is transported by ships.
In most cases, if the shipping industry is well-developed in certain country, its
economic development speed is relatively fast, and vice versa. In a word, shipping
has made a great contribution to the development of the world economy, and will

continue to make a greater contribution in the future.

However, along with the development of technology and the enhancement of people
environmental protection awareness in recent years, as the old traditional industry,
the shipping industry has once again received special attention from the public.
People not only attach importance to the role of the shipping industry to the economy,
but also pay attention to the serious pollution problem caused by it in the course of

development.

At present, some significant changes are gradually taking place in this traditional
field. On the one hand, the quantity of ships is getting more and more, and the trend
of the large-size of ship is more and more obvious. On the other hand, more and
more new technologies and equipment are being applied to the ships, and the
requirements for ship safety and pollution prevention are getting higher and higher.
In other words, the standards for the discharge of ship pollutants are getting higher.
In brief, it is hoped that the ship will carry more cargoes in the case of the discharge

of pollutants as little as possible.
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Ship sewage, an important pollutant generated during the operation of the ship, has a
great damage to the marine environment, even if the damage of sewage is not as
serious as oils. Although there are clear requirements and regulations on the
treatment and discharge of sewage for the international voyage ships in the
convention, these ships still discharge the untreated sewage into the ocean,
unwittingly or deliberately. More seriously, there are a large number of coastal
vessels and river vessels, which are not bound by the international conventions and
lack the supervision of the port states, so that the amount of sewage discharged by

these ships is much more than that of the ships engaged in international voyages.

As for the sewage treatment systems, the comminuting and disinfecting system is
relatively rare on ships, the holding tank is mainly used on river vessels and some
coastal vessels, and the sewage treatment plant is widely used on ships engaged in
international voyage. Currently, there is a variety of sewage treatment plant based on
different working principles in the current market, and the membrane bioreactor has
been more and more popular in recent years, but the activated sludge treatment plant

still has the highest market share due to its outstanding overall performance.

Because the activated sludge treatment plant is very common on large-sized ships,
the PSC officers or surveyors should understand its work principle and master the
inspection methods. When carrying out the inspection, the officers should attempt a
variety of inspection methods, not only check the appearance of treatment plant, but
also focus attention to the internal structure. In addition, the officers may also check
the discharge record or require the crew member to conduct the actual operation to

verify his operating ability. If possible, sampling and testing is a good way.

On the one hand, there is no doubt that the shipping industry is a traditional industry
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with a long history, and it has made a great contribution to the development of
international trade and the world economy. At the same time, it is certain that the
shipping industry will bring more or less pollution to the marine environment. On the
other hand, the ocean is a common treasure of our human beings, and the protection
of the marine environment is our humanity’s common responsibilities. How to
coordinate the relationship between the shipping industry and the marine

environment is the problem that we should take into account at present.

If the crew, the shipping companies, the flag states, the port states and the IMO can
fully perform their respective duties in their respective fields; meanwhile, they work
together and collaborate with each other, the rapid development of shipping industry
while maintaining a clean marine environment is no longer a distant dream for us
human beings, in short, safer navigation, cleaner ocean and more efficient

transportation.
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