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ABSTRACT
Background:  The global aggravation of the political situation in the world against the background of cata-
strophic changes in the Earth’s ecology is inexorably growing. Despite the fact that most ships are equipped 
with Waste Water Treatment Plants (WWTP), pollution of the World Ocean remains a serious problem. One 
of the main reasons contributing to the pollution of the sea by ships is the lack of the ship’s environmental 
protection equipment necessary for the work. Thus, the adoption of measures to prevent the discharge 
of raw sewage from ships and improve the quality of their treatment is of paramount importance.
Materials and methods:  The data of comprehensive surveys of ship WWTP operation in the ports of Ukraine 
for 2009–2010 are analysed — the most intensive period of navigation in the last 20 years. To assess 
the quality of wastewater treatment, samples were taken for laboratory studies in accordance with the re-
quirements of the “State Sanitary Rules and Norms for Discharge of Waste, Oily, Ballast Water and Garbage 
from Ships into Water Bodies”, No. 199, 09/07/1997.
Results:  The results of laboratory studies of wastewater after treatment on shipboard WWTP, conducted 
in the Black Sea ports of Ukraine in 2009–2010, show the unsatisfactory quality of their treatment ac-
cording to the main regulated national and international indicators.
Conclusions:  Taking into account the results of surveys of foreign ships conducted in 2009–2010, the studied 
literature, we consider our study worthy of serious reflection in order to understand the current situation 
on ships equipped with WWTP installations, determine priority areas for ensuring their efficient operation 
and preventing pollution of water bodies by untreated waste carrying the threat of contamination of residents 
of coastal areas with pathogens of dangerous infectious diseases transmitted by water, toxic substances 
that are detrimental to the flora and fauna of the oceans.
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INTRODUCTION
Pollution of the oceans in recent decades has caused 

great concern to mankind. Household waste, sewage, oil 
products significantly limit the use of water bodies for com-
mercial, recreational purposes by the population of coastal 
cities [1, 2].

A significant amount of pollutants enters coastal sea 
waters from ships. The main pollutants of ship wastewater 
are organic nitrogenous substances, which are a substrate 
for the development of microorganisms [3, 4].

Raw wastewater contains 5 main groups of pollutants:
 — a huge number of bacteria, viruses, parasites;
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 — organic and inorganic substances dissolved in water 
with a high biochemical oxygen demand;

 — solid organic and inorganic particles settling to the bot-
tom of reservoirs;

 — floating organic and inorganic particles lingering on 
the surface, which makes it difficult to use the water 
of marine reservoirs;

 — a large number of biogenic elements, leading to oversat-
uration and eutrophication of water bodies.
The ingress of these pollutants into water bodies leads 

to the rapid development of algae, disruption of the natural 
self-purification process, the appearance of cyanobacte-
ria in the water that produce toxins that cause poisoning 
of people and animals, oxygen deficiency, and the death 
of fish and animals [5].

In addition, untreated sewage contains millions of patho-
gens that cause human infections such as gastroenteritis, 
cholera, hepatitis, salmonellosis, giardiasis, cryptosporid-
iosis, rotavirus infections, escherichiosis, leptospirosis etc. 
Specific diseases associated with exposure to sea water are 
also ear, eye, and skin diseases [6, 7]. 

A large group of cholerae-like vibrios to which 
the gram-negative bacteria Vibrio parahaemolyticus, V. mim-
icus, V. alginolyticus, V. hollisae and V. vulnificus belong. 
may cause diarrhoea, wound infection, or septicaemia. 
V. parahaemolyticus infections commonly occur in Japan 
and coastal areas of the United States.

The causative agents of these diseases can persist 
in sea water for an average of 2 to 20 days. This is quite 
enough for direct or indirect infection of a person [8].

Back in 1975–1976 in 23 states of the United States 
and Puerto Rico, 95 outbreaks of diseases were registered, 
the causative agents of which infected a person while swim-
ming in the sea. However, there are still no accurate data 
on the frequency of infection among swimmers in world 
medical practice. Despite the fact that various diseases are 
constantly confirmed by the laboratory analysis of cases 
in coastal regions, it is impossible to establish a direct caus-
al relationship with sea water. To date, there is not enough 
information on the underlying characteristics or disease 
levels of bathers to understand whether other factors are 
at play [9–11].

It is believed that people who bathe in sea water are 
almost twice as likely to get sick.

Vibrio vulnificus is one of the dangerous pathogens for 
humans. It may cause necrotising fasciitis, acute gastro-
enteritis, and septic shock. Vibrio vulnificus grows and re-
produces in sea water at water temperatures above 20°C. 
Human infection occurs when a pathogen enters an open 
wound from sea water or by eating insufficiently thermally 
processed seafood (oysters, shrimp, crabs). The largest 
number of cases of V. vulnificus infection was registered 

in the Unites States of America, Cuba, India, Brazil, Thailand, 
China, Japan, France, Spain, and Australia. In the United 
States, about 100 cases of infection are recorded annually, 
mainly on the coast of the Gulf of Mexico, of which an av-
erage of 35 cases end in the death of the patient [12–14].

In recent decades, cases of intoxication of people due 
to the consumption of fish, shellfish and other seafood from 
reservoirs polluted by sewage have become more frequent. 
The mechanisms of occurrence of toxicity of sea water 
underlying nonspecific syndromes have been studied [15].

The aquatic environment also plays a significant role 
in the spread of viral diseases. Viral and bacterial hepatitis 
of water origin are registered, the pathogens of which are 
highly resistant in the water of sea and river reservoirs, 
in other environmental objects [16].

A large group of parasites that cause a number of dis-
eases dangerous to humans deserves special attention [17].

Maritime states, including Ukraine, have adopted a num-
ber of Laws and Resolutions at the international and na-
tional levels aimed at protecting the sea from pollution, 
formulated regulatory requirements and recommendations 
for wastewater treatment [18–20].

There are quite a few wastewater treatment methods, 
and a lot of experience has been gained in their application. 
All of them have certain advantages and disadvantages [21].

Currently, sea vessels are equipped with small-sized 
wastewater treatment plants from the world’s leading manu-
facturers, whose operation is based on the biochemical prin-
ciple of operation (about 90%). The essence of the waste-
water treatment process in various modifications of installa-
tions remains unchanged, regardless of the design features: 
a complex of microorganisms, their metabolic products, 
organic and inorganic substrates form the so-called “acti-
vated sludge”, in which continuous biochemical processes 
occur in a closed cycle [22, 23].

The operating conditions of Waste Water Treatment 
Plants (WWTP) on ships are significantly different from those 
onshore. This is due to the specific conditions on the ships: 
constant rolling, limited equipment dimensions, uneven 
flow of effluents, changes in the salinity of sea water used 
for discharge, contamination of the active components 
of the treatment plant with chemicals, fluctuations in water 
temperature, etc.

Under certain circumstances, the balance in the system 
“waste water — activated sludge” may be disturbed. Such 
failures lead to the exit of ship WWTPs from the passport 
regime and pollution of water bodies with untreated sew-
age. Recovery after such failures takes 20–30 days. Given 
the limited time that vessels spend in ports, such time de-
lays are unacceptable. As a result, ship treatment facilities 
continue to operate in violation of the operating regime 
and discharge untreated sewage overboard [24, 25].
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To date, there are various ways to intensify the process 
of wastewater treatment. The use of technical oxygen, ox-
ygen-enriched air, biological oxidizers, biofilters, aeration 
accelerators, chemical mediators, etc. is effective. Increas-
ing the dose of activated sludge, adding activated carbon 
to the mixture of activated sludge and wastewater also 
improves the performance of WWTP [26–28].

To clean wastewater from viruses, microbes and hel-
minth eggs, methods are used based on a combination of co-
agulants and natural sorbents, lowering the pH of the wa-
ter to 3.5–5.8, followed by ultraviolet irradiation, ozone 
treatment, and the use of various disinfectants. The use 
of ozone has a number of advantages over other reagents 
due to the ability to destroy pathogenic microorganisms, 
spore bacteria and viruses, deodorize and bleach waste-
water [29, 30].

MATERIALS AND METHODS
MATERIALS

The authors studied numerous literature sources on 
the problem of morbidity among residents of coastal areas, 
vacationers, associated with pollution of marine and fresh-
water reservoirs by untreated sewage, various toxic sub-
stances, industrial discharges, pesticides and other pol-
lutants.

The literature on the problem of protecting the World 
Ocean from Global pollution has been studied in terms 
of preserving human health, preventing the spread of dan-
gerous human diseases through sea water when swim-
ming, eating contaminated marine products, as well as 
the ongoing disappearance of many species of marine 
flora and fauna.

The authors studied the materials of the sanitary and ep-
idemiological survey of 2,171 foreign ships with a crew 
of 44,380 people who visited the Black Sea ports of Ukraine 
in 2009–2010. On these ships, the WWTP ship installa-
tions were surveyed for compliance with their operational 
characteristics. 

The results of laboratory studies of wastewater after 
treatment for compliance with the requirements of the “State 
Sanitary Rules and Norms for Discharge of Waste, Oily, Bal-
last Water and Garbage from Ships into Water Bodies”, No. 
199, 09/07/1997, MARPOL 73/78, were studied.

METHODS
All wastewater samples after treatment on ship WWTPs 

were taken in the presence of a chief engineer in accor-
dance with the requirements of the “State Sanitary Rules 
and Norms for Discharge of Waste, Oily, Ballast Water 
and Garbage from Ships into Water Bodies” No. 199, 
07/09/1997. The control sample of each sample was 
sealed in the presence of the chief engineer, sealed by 

the employee who conducted the sampling and the chief 
engineer, sealed with the ship’s seal. Sampling certificates 
(in 2 copies) were signed by the chief engineer, the captain 
of the ship and, together with the control sample, remained 
on the ship for an independent laboratory study in case 
of disputes. 

All samples were taken using the same methods 
and tested in the laboratory in accordance with the regu-
latory documents.

Wastewater samples taken after treatment at ship 
WWTPs were examined in the laboratory by bacteriological 
and chemical methods in accordance with the current reg-
ulatory documents governing these studies. 

In accordance with the regulatory requirements for 
wastewater after treatment on ship WWTP, studies were 
carried out for indicators regulated “State Sanitary Rules 
and Norms for Discharge of Waste, Oily, Ballast Water 
and Garbage from Ships into Water Bodies”, No. 199, 
09/07/1997 and MARPOL 73/78: suspended substanc-
es, biological oxygen demand for 5 days, residual active 
chlorine (when treated with chlorine), coli-index.

There were no comments, disagreements, doubts with 
the results of laboratory studies, re-examination of control 
samples by the captains of the ships.

The results of the laboratory study of wastewater with 
recommendations for correcting the shortcomings were trans-
ferred to the ship’s captain, chief engineer. Upon receipt 
of laboratory test results that did not meet the requirements 
of regulatory documents, penalties were applied. In the case 
of a short stay in the port of Ukraine, information about the re-
sults of laboratory tests was transmitted to the ship through 
the Maritime Agency, which was in charge of this ship.

RESULTS
Out of 2,171 foreign ships calling at the Black Sea ports 

of Ukraine in 2009–2010, 1,576 were equipped with WWTF 
(72.6 ± 0.1%), 595 were equipped with tanks for collecting 
raw sewage (27.4 ± 0.1%).

The sewage collection tanks had flanges for connec-
tion to onshore reception facilities. On some ships, ballast 
and other tanks were used to collect sewage. The use 
of such non-regulated tanks prevents pollution of the port 
water area during the stay, but leads to the discharge of sew-
age into the sea, at best, outside the sanitary zone. Such 
actions allow the ship to avoid penalties from the port 
authorities, but do not prevent pollution of water bodies 
with untreated sewage and create a threat of the spread 
of pathogens of infectious diseases by water, infection 
of residents of coastal areas, and poisoning of sea water 
bodies with toxic substances.

Foreign ships calling at the Black Sea ports of Ukraine 
in 2009–2010 were equipped with biochemical WWTP units 
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of various types from the respective manufacturers of environ-
mental protection equipment. However, despite the presence 
of WWTP, the quality of wastewater treatment on them did 
not provide the final regulated result. And one of the main 
reasons is the human factor in the difficult operating condi-
tions of ship’s environmental protection equipment.

Sampling of wastewater after ship WWTP and laboratory 
studies were carried out in accordance with the unified regu-
latory requirements of the “State Sanitary Rules and Norms 
for Discharge of Waste, Oily, Ballast Water and Garbage 
from Ships into Water Bodies” No. 199, 09/07/1997 in ac-
cordance with the annual plan laboratory studies, taking 
into account the presence of ships under cargo operations 
in the ports of the Black Sea of Ukraine and the presence 
of treatment facilities on board.

Of the total number of wastewater samples taken on 
1,576 foreign vessels equipped with WWTP, 414 samples 
did not meet the regulatory requirements (26.3 ± 0.1%). 
The results of a laboratory study of wastewater after ship 
WWTP, which do not meet the requirements of the “State 
Sanitary Rules and Norms for Discharge of Waste, Oily, 
Ballast Water and Garbage from Ships into Water Bod-
ies” No. 199, 09/07/1997 for 2009–2010 are presented 
in Table 1. Of the results obtained for 2009, 125 (18.3%) 
samples did not meet the regulatory requirements for 
bacteriological indicators, 131 (19.2%) samples — for 
chemical indicators, 74 samples did not meet the regu-
latory requirements for both bacteriological and chemical 
indicators. Accordingly, in 2010, 172 (19.2%) samples did 
not meet the regulatory requirements for bacteriological 
indicators, 205 (22.9%) samples — for chemical indica-
tors, 143 (16.0%) samples — for bacteriological and chem-
ical indicators. On some ships, the samples did not meet 
the regulatory requirements only in terms of bacteriological 
indicators, on others — only in terms of chemical indicators, 
and on some ships — wastewater samples did not meet 
the regulatory requirements both in terms of bacteriological 
and chemical indicators at the same time. Thus, the total 
amount of samples that do not meet the standards includes 
the number of non-standard samples on some vessels only 

for bacteriological indicators, on others — only for chemical 
indicators, and on some vessels both for bacteriological 
and chemical indicators at the same time. As a result, 
the total ratio of the number of wastewater samples that 
do not meet regulatory requirements to the total number 
of samples for the period 2009–2010 amounted to 26.3%.

The results of the study were processed by the methods 
of correlation-regression analysis [31].

DISCUSSION
Many years of practical experience of working with 

sea vessels in the Black Sea ports of Ukraine, experience 
of working on sea vessels in voyage conditions, a large fruit-
ful experience of interaction with ship administration, ship 
mechanics served as a concept for a series of studies that al-
low us to look at the problem of pollution of the World Ocean 
by discharges from ships through the eyes of specialists 
— physicians, epidemiologists, parasitologists, hygienists, 
to create the ground for interaction and cooperation with 
researchers on the problem of the incidence of dangerous 
human diseases transmitted through polluted sea water 
among residents of coastal regions of maritime states, 
the creation of algorithms for the efficient and uninterrupted 
operation of WWTP ship installations.

The period from 2009 to 2010 was chosen for study 
as the period of the most intensive shipping over the past 
20 years and is no exception to the general unfavourable 
trend for the Ecology and Biology of the World Ocean and Hu-
manity. The results of laboratory studies of wastewater 
after ship WWTP have remained at an unsatisfactory level 
over the past 20 years with fluctuations within 10 ± 2% 
of laboratory indicators that do not meet the requirements 
of regulatory documents and similar indicators in terms 
of the number of wastewater samples taken depending 
on the number of ships entering to the Black Sea ports 
of Ukraine.

Unfortunately, due to the short-term stay of ships 
in the ports of Ukraine under cargo operations, it is often 
not possible to apply penalties based on the results of a lab-
oratory study of wastewater after treatment on shipboard 

Table 1. Results of a laboratory study of wastewater after treatment at ship Waste Water Treatment Plants (WWTP) in the Black Sea 
ports of Ukraine in 2009–2010, which do not meet the requirements of “State Sanitary Rules and Norms for Discharge Waste, Oily, 
Ballast Water and Garbage from Ships into Water Bodies”, No. 199, 09/07/1997

Laboratory study 2009 2010

Vessels 
surveyed

No. of non-stan-
dard samples

Per cent  
ratio

Vessels  
surveyed

No. of non-stan-
dard samples

Per cent 
ratio

Bacteriological 682 125 18.3 894 172 19.2

Chemical 682 131 19.2 894 205 22.9

Bacteriological and chemical 682 74 10.9 894 143 16.0
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WWTP. So, for a complete laboratory study of wastewater 
after treatment, at least 5 days are required (for example, 
according to such a regulated indicator as biological oxygen 
demand for 5 days). As a result, one has to limit oneself 
to informing the captains and shipowners about certain 
violations on the ship through the ship’s agents.

And even if other states provide for tougher sanctions 
for violation of environmental legislation than in Ukraine, 
according to the results of a laboratory study of wastewater 
after WWTP, which do not meet regulatory requirements, 
they cannot in any way compensate for the harm caused 
to human health by untreated wastewater, the biology 
of the Seas and Oceans.

CONCLUSIONS
The work of WWTP on 1,576 foreign vessels, out 

of 2,171 vessels that called at the Black Sea ports of Ukraine 
in 2009–2010, was analysed according to the main regu-
lated indicators.

The sanitary and hygienic efficiency of various tech-
nologies of environmental protection equipment based on 
the combined treatment of ship wastewater has been studied.

The modes of operation of shipboard WWTPs were stud-
ied during the voyage (according to the information of senior 
mechanics), when moored at ports of call in order to ensure 
the protection of sea water bodies from biological and toxic 
pollution, to prevent the introduction and spread of danger-
ous human diseases of infectious toxic genesis, as well as 
the harmful effects of biological and chemical pollutants on 
the flora and fauna of the sea.

Analysis, hygienic assessment of the results of laborato-
ry studies of wastewater after treatment on ships that called 
at the Black Sea ports of Ukraine, the study and systemati-
sation of violations in the operation of ship WWTP confirm 
the need for an urgent solution to the identified problems.

The results of laboratory studies of wastewater after 
treatment on ship WWTP for the specified period indi-
cate the unsatisfactory quality of wastewater treatment 
and the potential epidemiological, environmental and bio-
logical hazard of such ships.

Forecasting the prospects for the use of world water 
resources shows that while maintaining the quality of waste-
water treatment at the current level, sooner or later they 
will be completely depleted due to the use of seawater as 
a diluent for discharged wastewater.

Thus, in order to prevent pollution of water bodies by un-
treated sewage after shipborne WWTP, which creates a con-
stant threat of infection of the population living in coastal 
areas with pathogens of dangerous infectious diseases 
transmitted by water, poisoning of water bodies with toxic 
substances generated during the transformation of waste 
entering sea water and causing, ultimately, irreparable 

harm to human health, ecology and biology of the sea, it 
is necessary to ensure that the following initial preventive 
measures are implemented:

 — carry out further research to improve the quality of ship-
board WWTP treatment, search for more efficient meth-
ods of wastewater treatment, including the use of new 
biological treatment activators;

 — ensure control over the timing of commissioning, the fre-
quency of replacement of components (including prepa-
rations of microorganisms) and the uninterrupted oper-
ation of WWTP on ships;

 — keep a permanent record of the regime characteristics 
of ship WWTP, constantly record the results of express 
tests of the quality of wastewater treatment in the voy-
age period, the results of laboratory studies of port 
services in ports of call;

 — register all malfunctions in the WWTP operation with an 
analysis of the causes of violations and proposals for 
their elimination;

 — toughen sanctions for violation of the operation of ship-
board WWTPs based on the results of laboratory tests, 
with the accrual of damages for pollution of water bodies.
Thus, the study conducted by the authors testifies to 

the versatility of the problem of ship WWTP management 
and the difficulties that arise in their solution by the port 
authorities of Ukraine and other maritime states.

Measures aimed at strengthening supervision over 
the work of shipboard WWTPs, the search for new practical 
solutions to improve the quality of their work, will contrib-
ute to the prevention of water pollution during shipping, 
the biological improvement of not only the Black Sea basin 
of Ukraine, but also other areas of the World Ocean. And as 
a result, the measures taken will help reduce the incidence 
of people living and vacationing in coastal areas, dangerous 
infectious diseases of bacterial and viral origin, various 
intoxications associated with both the transformation of in-
sufficiently treated ship effluents and disturbed biology 
of the flora and fauna of the seas and oceans.

Further improvement of the processes of effective treat-
ment of ship wastewater, the search for new means of their 
disinfection remain relevant for hygienists, ecologists, phy-
sicians and technologists to the present.

The authors plan to further study the problem of pro-
tecting the health of residents of coastal areas of maritime 
states, vacationers, swimming in sea water, eating seafood 
contaminated with various toxic substances, pathogens 
of diseases dangerous to humans transmitted through 
sea water. Also, it is planned to prepare recommenda-
tions for residents of coastal areas, tourists bathing on 
the prevention of infection with dangerous diseases trans-
mitted by water, toxic damage to the human body in areas 
of water use.
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