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This document contains an unofficial English translation of a 2014 study by NIRAS Sweden AB
”Avloppsvatten från fartyg - Sammanfattande bedömning av kvaliteten på avloppsvatten från
fartyg vid hamnar i Stockholms län” concerning quality of sewage from passenger ships
commissioned by the Ports of Stockholm and the Swedish Transport Agency.

Sewage water from ships
Summary
In the years 2016 and 2018, the discharge of sewage water overboard from ships will be prohibited in
the Baltic Sea. Therefore, the ports around the Baltic Sea will have to provide facilities for the ships to
discharge its sewage water in port.
Previous studies have shown that sewage water from ships differs from municipal sewage water, for
example by a lower water content. This study was initiated to gain additional knowledge about sewage
water from ships. The aim was to define the differences between municipal and ship sewage water
and the possible influence by ship sewage water on the processes in municipal sewage treatment
plants (STP). The study was conducted by collecting information on the ships sewage systems on board
via a survey and a study of the contents of the sewage water through sampling and analysis.
The results showed that sewage water from ships differs from municipal sewage water in having a
lower water content, due to water-saving measures on board. The overall assessment is that this
difference is not a barrier for the reception at municipal sewage treatment plants. Similarly, the metal
content of the sludge after treatment of ships sewage water at municipal sewage water treatment
plants, will most likely not be negatively affected. Storage of sewage water in closed tanks on board,
however, often cause problems with hydrogen sulphide formation on the ships.

1. Background
1.1 Sewage water
Svenskt Vatten, or The Swedish Water & Wastewater Association, SWWA is a trade association for the
municipal water companies of Sweden. The organisation has put up target values for relevant
parameters to be able to characterise the quality of sewage water. The parameters are based on
knowledge from municipal STP and regards substances that affects the piping in the sanitary sewer,
the biological treatment processes in STP and the quality of the sludge after treatment (Lind m.fl.,
2012).
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Table 1. SWWA target values for sewage water (from Lind m.fl., 2012).
Parameters that may affect the water treatment or the sludge quality.
If these values are exceeded, it usually results in demands of internal treatment
measures.
Parameter
Unit
Target value
Lead
mg/l
0.05
Cadmium
mg/l
Should not exist
Copper
mg/l
0.2
Chromium
mg/l
0.05
Mercury
mg/l
Should not exist
Nickel
mg/l
0.05
Silver
mg/l
0.05
Zinc
mg/l
0.2
Oilindex
mg/l
5-50
Parameters that may affect the sanitary sewer
The values should not be exeeded, not even during a short period of time
Parameter
Unit
Target vale
Problem area
pH
6.5-10
Corrosion of concrete
o
Temperature
C
Max 50
Gaskets
Conductivity
mS/m
500
Risk for corrosion of steal
Sulphate
mg/l
400
Corrosion of concrete
Magnesium
mg/l
300
Corrosion of concrete
Ammonium
mg/l
60
Corrosion of concrete
Fat
mg/l*
(50)
Clogging
Chloride
mg/l
2500
Material damages
*The limit for fat is not determined by SWWA, but is used in many STP.

1.2 Grey-and blackwater (GB-water)

Figure 1. Overview of general sewage sources on board. Blackwater is generated from toilets and
greywater is generated from showers, laundry and washing of dishes. Food waste is also often stored
in the greywater tank. Spillage from different activities on board the ship generates bilge water.

2

Table 2. BOD7, CODCr and TOC in incoming sewage water to municipal STP (n=4;
Årsrapporter, 2012-2013) and in outgoing, mixed GB-water from ships sampled
from sewage culvert (n=7). Mean ± SE. mg/l.
BOD7
Municipal sewage 195 ±36
water
GB-water
462 ±120

CODCr
338 ±8

TOC
116 ±27

1005 ±193

301 ±49

2. Method
2.2 Sampling and analysis
2.2.2 Method
Table 3. Numbers of: sampled ships, ships that have been sampled and have
answered the survey, and answers of the survey. For the different categories of
examined ships.
Ship type
Number
of Both sampling and Answered survey
sampled ships
answered survey
Container ships
5
Cruise liner
4
1
10
Passenger ships
17
11
13
RORO ship
3
3
3
2.2.3 Sampling on board
Table 4. Number of samples collected for different types of sewage water, from 20
ships in total. Collection on board.
Ship type
Greywater
Blackwater
Mixed
Sludge
Treated
water
water
Container ships 5
Cruise liner
1
Passenger ships 3
2
8
1
1
RORO ship
1
2
-
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2.2.4 Sampling from sewage culvert
Table 5. Number of samples collected for different types of sewage
water, from 9 ships in total. Collection from sewage culvert.
Ship type
Greywater
Blackwater
Mixed
Sludge
water
Container ships Cruise liner
2
1
1
Passenger ships 6
RORO ship
-

Figure 8. PH, conductivity and turbidity varied in the sewage water during one unloading occation of
about 1,5 hours, where first blackwater and then greywater was unloaded.

3. Results and discussion
The results from the survey are not presented in full in this report because of a vast variation in extent
of answers. The survey results are instead linked to the discussion about analysed parameters, to give
deeper understanding, and contributing to explanation, of the results.
The results of the analysis of sewage water on the ships and information from the survey have been
related to the content of municipal sewage water (Yearly reports 2012-2013) and the demands that
are put upon municipal sewage treatment plants (STP). When comparing municipal sewage water and
sewage water on ships, the values for mixed grey-and blackwater are used. This is because this fraction
is regarded as the most similar to the municipal sewage water (which also to a large part consist of
mixed grey- and blackwater). The results are similar if separate gray- and blackwater fractions from on
board the ship are calculated and then merged. The results of the analysis are seen as spot tests from
one point in time and at one specific time during the year. The result of the analysis from municipal
STPs on the other hand, is tested regularly during the whole year. The result of the analysis of greyand blackwater therefore gives a perception of the size rather than absolute values.
The discussion focuses on substances that can affect the sewage treatment process or the quality of
the sludge, such as metals and priority substances. Further, parameters that may affect the sewage
pipes, such as ammonium, pH and fat, are discussed. To bring light to the occupational safety and
corrosion problems that occur when handling sewage water, hydrogen sulphide is also discussed in
one section.
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3.1 Metals
The analysis of metals in sewage water relates to the goal of the municipal STP to be able to certify
sludge from the treatment and to be able to spread it on agricultural land as nutrient supplement. As
support for this the organisation SWWA´s target values for metal concentrations in incoming water to
STP, as well as limits for sludge for redistribution on agricultural land according to SFS 1998:994, are
used. For STP, the concentration of dissolved substances is important because they may affect the
treatment processes in the plant. In the section below the metal concentration in the water coming
from ships is compared to the water coming to municipal sewage water. For the substances bound to
particles it is more relevant to give them in relation to the amount of solid material or phosphorus,
because this is what decides the quality of sludge produced by the STP.
3.1.1 Concentration in water from ships
The total concentration of led, chromium, nickel and copper in the gray- and blackwater was below
the target value for metals in sewage water (Figure 9). Cadmium was detected in the GB-water, but in
statistically certified lower amounts than in municipal sewage water. No mercury was detected in the
GB-water (detection limit 0.1µg/l), as opposed to the municipal sewage water where mercury is
sometimes detected.
For all of the 29 sampled ships, a few samples showed marginally exceeding values of copper,
chromium, nickel and silver, compared to the limits stated by SWWA. For the seven ships with mixed
GB-water sampled from sewage culvert, only zinc was exceeding the limit (Figure 9). Possible
explanations for the higher concentration of zinc are given in the next section. The result of the whole
analysis is given in Bilaga 2.

Figure 9. Concentration of seven metals in GB-water, from sewage culvert and from incoming municipal
sewage water. Standard error.*= significant difference. Numbers for municipal sewage water is based
on Årsrapporter, 2012-2013. Limits are based on SWWA (Lind m.fl, 2012).
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3.1.2 Metals in relation to solid material
Comparison between municipal sludge and sludge from ships is from concentration in dry substance.
When comparing the content of municipal sludge and sludge from ships, the most correct thing to do
would be to compare fermented sludge from GB-water with fermented sludge from a STP. Numbers
for fermented ship sludge was however not found. Instead a theoretical sludge can be calculated. One
way of calculating this is to base the calculations on the concentration suspended material (SS) in the
sewage water. Often more than 95 % of the SS is reduced in municipal sewage treatments
(Årsrapporter 2012-2013), and sludge is created thereof. The concentration of SS was used when
calculating a theoretical sludge in this report. To calculate the concentration of metals in a theoretical
sludge the following equation was used:
[𝑀𝑒]𝑆𝑙𝑢𝑑𝑔𝑒 (𝑚𝑔⁄𝑘𝑔 (𝑇𝑆)) =

[𝑀𝑒]𝑆𝑒𝑤𝑎𝑔𝑒𝑊𝑎𝑡𝑒𝑟 ( 𝑚𝑔⁄𝑙 )
[𝑆𝑆]𝑆𝑒𝑤𝑎𝑔𝑒𝑊𝑎𝑡𝑒𝑟 (𝑚𝑔⁄𝑙 )

[1]

To support the calculations, the same calculations, according to the equation above, has been done on
municipal sewage water also. The numbers are from yearly reports from three municipal STP, from
cities with 20 000, 100 000 and 1 400 000 residents. In the yearly reports the average concentrations
of suspended materials and metals in incoming waters and concentrations of metals in sludge from
STP are accounted for. A comparison between calculated and sampled concentrations of seven metals
in municipal sewage sludge and in theoretical sludge from ships is shown in Figure 10.

Figure 10. Concentration of seven metals; in theoretical sludge from ships that has been sampled in
sewage culvert and on board, and theoretical and measured sludge from municipal STP. Id= not
detected. The limit is based on SFS 1998:944.
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Comparisons between the calculated and the measured concentrations in municipal sewage sludge
(grey and striped columns) show that they correspond well. This indicates that the SS can be used to
calculate a theoretical sludge.
As a whole, Figure 10 indicates that the sludge from ships contains lower concentrations of lead,
mercury and cadmium than the municipal sludge. The only statistically significant difference is the
lower content of cadmium in the ship sludge taken from sewage culvert, compared to both the
theoretical and calculated municipal sludge. The lower cadmium content in the GB-water is also shown
in the quotient between cadmium and phosphorous, a quotient that is regulated in the REVAQcertification. To be able to pass the certification requirements, the concentration of cadmium can only
be 30µg cadmium per kg of phosphorous. In samples from 17 of the 29 analysed ships cadmium was
not detected at all (detection limit 0.4 µg/l). The GB-water from the remaining 12 analysed ships
contained on average 21 µg cadmium per kg phosphorous. Municipal sewage water can contain urban
runoff water and sewage water from industries, which is probably the reason to the higher
concentrations of for example cadmium and mercury in this sewage water. The sewage systems from
ships are to a greater extent to be seen as closed systems where diffuse inflow does not exist as it does
in the municipal sewage systems.
Copper was measured in about the same concentrations in sewage sludge from both ships and
municipalities. The copper probably originates from foremost pipes for domestic water which exist
both on land and on board ships. Zinc and nickel exists in somewhat higher concentrations in the sludge
from ships, compared to the municipal sludge. These higher concentrations are not investigated in
detail but a probable source to the higher zinc concentrations could be sacrificing anodes. According
to the survey, sacrificing anodes are sometimes used in the greywater tanks to prevent corrosion.
Other sources of zinc could be pharmaceuticals, skin care products, paint and batteries. The use of
these products should however not differ much on ships compared to on land. One other possible
explanation could be that the ship environment is more corrosive than land based systems and that
corrosion from surfaces galvanized with zinc on board give rise to the higher concentration in the ship
sludge. The corrosive marine environment could also be the reason to the higher nickel concentrations
in the ship sludge, as nickel is common in metal coating.

3.2 Nitrification inhibition
Dissolved metals can at a sufficiently high concentration have a negative effect on the microbe activity
in STPs, which may result in a worsened treatment of the sewage water. A perception on the
concentration of dissolved metals can be given by filtrating samples, where dissolved metals and
metals bound to particles <0.45 µm will pass through the filter. By comparing the filtered and the
unfiltered GB-water samples it was seen that about 60-75% of the metals are bound to particles <
0.45µm. The concentration of the dissolved metals in the GB-water is very low, see Table 6. In the table
information given by SWWA on which concentrations of different metals that affects the microbial
activity, is also presented. The measured metal concentrations in GB-water are so much smaller than
the limits given by SWWA that is not probable that they could affect the water treatment in any
negative way.
Table 6. Concentration of different metals in GB-water (mg/l). (Mean, n=29)
Parameter
Concentration dissolved Bacterial inhibition (acc.
metals from ships
to SWWA)
Lead
<0.01
0.5
Cadmium
<0.01
0.5
Copper
0.02
0.3
Mercury
<0.01
1
Nickel
0.01
0.1-1
Zinc
0.18
3
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3.3 Priority substances
The analysis of priority substances was performed to get a qualitative view on the presence of these
substances in GB-water. The samples were taken from a sewage culvert to get a sample as
representative of the reality as possible. At prior examinations of priority substances in sewage water
from STP in Stockholm, 16 priority substances and groups of substances could be detected (Pettersson
& Wahlberg, 2010). In this study, eight of the priority substances/group of substances was detected in
GB-water from the three analysed ships. Table 7 show a combination of the detected substances in
GB-water, as well as the incoming water to two STP in Stockholm.

Table 7. Detected substances and groups of substances according to EU directive
on priority substances in the field of water policy (2013/39/EU) for GB-water and
water coming to STP. Priority substances not detected are not shown.
Detected substance
Ship 1
Ship 2
Ship 3
STP
Alachlor
v
Anthracene
v
Atrazine
v
Benzo(a)pyrene
v
Benzo(b)flouranthene
v
Benzo(k)flouranthene
v
Lead and lead-compounds
v
v
v
v
Bis(2-ethylhexyl) phthalate
v
v
v
v
Flouranthene
v
v
v
Cadmium and cadmium comp.
v
v
Naphtalen
v
v
v
Nickel and nickel comp.
v
v
v
v
Nonylphenol (4-nonylphenol)
v
Octylphenol
v
Tributyltin compounds (TBT)
v
Trifluralin
v
Trichloromethane (chloroform) v
v
v
v

3.4 Ammonium, pH and fat
Ammonium, fat and pH in GB-water do not affect the quality of the sludge in STP, but they can have a
negative effect on the biological treatment processes, for example by the growth of none-beneficial
bacteria or that some sludge does not sediment (Persson & Nilsson, 2005). There can also be negative
effects on the piping because of deviating concentrations of ammonium, pH and fat by corrosion and
clogging of pipes.
In samples from 16 of the 29 analysed ships, the limits for ammonium are exceeded according to
SWWA´s recommendations (60 mg/l). The ammonium concentration normally decreases in sewage
water by microbial oxidation of ammonium to nitrate. The process is in sewage treatment aided by the
addition of oxygen by adding air into the water. On board ships the GB-water is stored in closed tanks
where the water soon becomes anaerobic, especially if food waste is added and there is no airing of
the tanks. Signs of anaerobic conditions in the tanks are high concentrations of ammonium and low
concentrations of nitrate. Also the pH level can be low in unaired water. In 11 out of 29 analysis
performed, the pH was lower than recommended by SWWA, whom recommend a pH of 6.5. For most
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of these 11 ships the pH level was just below the limit, around or slightly above 6.5, but for some of
the ships the pH was about 5. No ships had a PH higher than the recommendations by SWWA.
Seven of the 16 ships with higher ammonium concentrations than recommended have answered the
survey. Six of these seven states that they do not air their tanks on board the ships. At the same time,
a couple of the ships with the lowest ammonium concentrations, states that they have continuous
airing of their tanks. One of these ships, which had the lowest ammonium concentration in the GBwater of all analysed ships, states that the airing increases with increasing sewage water volumes. It is
probable that high concentration of ammonium is a problem that can be prevented by airing of the
tanks.
In 14 out of 29 ships, the limit for fat (50 mg/l) is exceeded. Fat is added to the GB-water form
restaurants on board the ships, among other things. Nine ships with exceeding values, and six ships
that did not exceed the limit, answered the survey. Six of the nine ships with exceeding values states
that they do not have a grease trap, which is a probable reason for the exceeded values. Three of the
nine ships however states that they do have a grease trap, but in spite of this the values are exceeded.
For three of the ships that did not exceed the limit for fat, only cleaned sewage water was examined
which probably explain the lower fat concentrations. The remaining three ships that did not exceed
the limit for fat concentration did however state that they do not have a grease trap, but this does not
exclude the possibility that they actually do have a trap on board the ship.
3.5 Treated water
About half of the respondents to the survey stated that they have some sort of sewage treatment on
board their ships. On seven of the ships, sampling of the water could only be done after the treatment
step. Of these ships one was a cruise liner, one was a passenger ship, and five were container ships.
On the container ships the load on the sewage system is only from 10-20 people and the collected
sewage volume of 1-2 m3 per day is relatively small compared to the large passenger ships. The
treatment units on these ships were relatively small (Figure 11).

Figure 11. Example of small treatment plant on a container ship.
For three out of five container ships the limit on ammonium stated by SWWA, was exceeded. This
indicates that if there is an airing step in the sewage treatment, it does not work properly. In GB-water
from three of the five container ships, low concentrations of cadmium were detected. In all of the
container ships and in the passenger ship, the concentrations of zinc were above the limit. The
concentration of zinc and cadmium in the treated water were about as high as the concentration in
untreated water from other ships. Consequently, zinc and cadmium does not seem to be cleaned out
in the small treatment plants on board these ships. The cruise liner on the other hand had a lot larger
treatment plant, installed 2006 according to the survey. On this ship not a single limit according to
SWWA was exceeded. On the other hand the water coming from this treatment plant had quite high
levels of nutrients such as phosphorous and nitrogen (both in the form of ammonium and nitrate)
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compared to cleaned water from a municipal sewage treatment plant. For example, the nutrient
concentration exceeded the limit for water cleaned in STP run by Stockholm Vatten (Stockholm Water).

3.6 Hydrogen sulphide (H2S)
To simplify, hydrogen sulphide is a gas that is created by microbial decomposition in absence of oxygen
gas. In an anaerobic environment the microbes instead use oxygen from sulphate, and hydrogen
sulphide is created in the process. Ideal circumstances for the creation of hydrogen sulphide are,
except the absence of oxygen gas; easy access to coal molecules, sufficient water coverage and high
temperature, among other things. The sewage system on board the ship often fulfil these criteria,
especially during the summer when surrounding water is hot enough and if apart from GB-water also
food waste is pumped to the tanks.
Hydrogen sulphide is toxic for humans; it is even lethal in concentrations of about 500-1000 ppm.
Hydrogen sulphide is also corrosive and will corrode pipes and concrete culverts. The treatment
processes in STPs are also affected by too high concentrations of hydrogen sulphide. On board the
ships, problems with hydrogen sulphide can occur both with regard to the working environment and
with regard to corrosion of pipes and tanks. The limit for Stockholms Hamnar (The Ports of Stockholm)
to accept the water is 25 ppm.
According to the survey several of the ships have performed, or will perform, different measures to
limit the formation of hydrogen sulphide on board the ship. The measures differ between the ships,
dependent on different prerequisites for different ships. Some of the measures demand considerable
remodelling of the sewage treatment on board the ships, which in many cases is not possible,
especially on old ships. On new ships the hydrogen sulphide problem has been considered when the
ship was built which has resulted in systems that prevent the formation of hydrogen sulphide.
According to the survey, measures used are partly preventative measures to stop the formation of
hydrogen sulphide and partly measures to take care of already formed hydrogen sulphide.
Preventative measures can for example be to separate the food waste from the GB-water or to prevent
bacterial growth by adding different types of biocides. Another example is to try and stop the microbes
from using oxygen from sulphate when organic matter is decomposed in the tanks, for example by
adding oxygen gas by pumping, or adding nitrate, which the microbes prefer to sulphate. An example
of a nitrate additive is Nutriox, se Figure 12.

Figure 12. Nutriox is a common additive in the sewage tanks on ships.
The hydrogen sulphide problems can also be prevented by reducing the hydrogen sulphide after it is
created in the tanks. This can for example be done by oxidation with ozone, or precipitation of
hydrogen sulphide by adding iron-chloride or a special type of bacteria that remove hydrogen sulphide.
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3.6.1 Sampling and analysis of hydrogen sulphide
In line with the scope of this study, levels of hydrogen sulphide has been analysed both in liquid phase
in the GB-water and in gas phase in sewage tanks in sewage culverts in the ports, when emptying the
ships. Analysis of hydrogen sulphide in sewage water is however subject to some difficulties. Hydrogen
sulphide is volatile and is easily vaporized from liquid phase to gas phase. When handling the samples
it is therefore important to quickly stabilize the hydrogen sulphide in the liquid phase. This was done
by promptly adding zinc acetate to the sample. Hydrogen sulphide was only detected in one out of six
samples.
Measurements in the gas phase were done in sewage culverts when emptying the GB-water at the
ports. There is however no exact method to evaluate if the limit is exceeded at present. Because
hydrogen sulphide is easily vaporized, the concentration is higher closer to the source the
measurement is performed. The air volume inside the sewage culvert is also important, because the
same amount of hydrogen sulphide give rise to a lower concentration in a larger space than in a
smaller. To show the extent of this problem the measurements were performed in two measuring
points at the same time, at six different emptying occurrences, at two different ports in Stockholm.
One of the measuring points was the closest sewage well next to the ship, and the other point was
inside the pumping station in the port area, where the water is pumped from the port area to the
municipal sanitary sewer, see Figure 13. The distance between the closest well and the pumping
station was 300 m and 400 m respectively for the both ports. The measurements were performed in
February 2014.

Figure 13. Measurements of the concentration of hydrogen sulphide were done in two places at the
same time; next to the ship and at the pumping station.
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Results from measurements at quay one is shown in Figure 14.

Figure 14. Concentration of hydrogen sulphide in gas phase (ppm) in sewage well next to the ship (blue
line) and at the pumping station (black line) during one unloading occasion for two ships; A and B. The
dotted line shows the limit of 25 ppm.
Ship A has not answered the survey which means that any measures taken on board this ship to lower
the concentration of hydrogen sulphide are unknown. The ship is however almost 30 years old, which
may explain the higher concentration of hydrogen sulphide in the beginning of the unloading. Ship B
states in the survey that food waste is separated from the sewage tanks and that both the grey- and
blackwater tanks are aired continuously. Apart from this, nitrate is added with the product Kalcinol.
These measures can explain the lower levels of hydrogen sulphide compared to Ship A. Both ships
exceed the limit of hydrogen sulphide in the sewage well next to the ships; Ship A during the whole
time of unloading and Ship B only during the initial time. Both ships are however below the limit at the
pumping station. This illustrates the problem with stating a limit without giving any prerequisites for
the measurement of the hydrogen sulphide concentration.
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The results from measurements at quay two is shown in Figure 15.

Figure 15. Concentration of hydrogen sulphide in gas phase (ppm) in sewage well next to the ship (blue
line) and at the pumping station (black line) during one unloading occasion for four ships; A-D. The
dotted line shows the limit of 25 ppm.
All ships in Figure 15 have answered the survey. Ship A, B and C represents similar ships when it comes
to the hydrogen sulphide problem. The ships are built in the 1980ies, and early 1990ies. All three ships
mix the food waste in the GB-water which probably partly explains the high amount of hydrogen
sulphide during the unloading process. Ship A and B has different tanks for the GB-water, among other
things they separate some of the greywater into separate tanks. When it comes to food waste, Ship A
pumps the waste to one of its blackwater tanks while Ship B pumps it to a tank with mixed gray- and
blackwater. Ship C has only one tank where all sewage water is mixed. The ship states that they try to
reduce the hydrogen sulphide problem with continuous airing of the tanks, ozone treatment and
addition of Nutriox. These measures do probably have an effect on the production of hydrogen
sulphide, but they are not sufficient to reduce the levels below the limit. All three ships exceed the
limits for hydrogen sulphide concentration, both in the well next to the ship and at the pumping
station. Ship B, contrary to ship A and C, states that they try to reduce the amount of wood waste in
the sewage tank. This could be the reason for the somewhat lower hydrogen sulphide concentration
for this ship. From these measurements and comparison between the three ships, it is indicated that
a large tank where all GB-water is mixed, as it is in ship C, gives especially high concentrations of
hydrogen sulphide.
Ship D represents a newly built ship, where the hydrogen sulphide problem has been considered when
constructing the sewage system. Among other things, a separate tank for food waste, continuous airing
that increases at increasing volumes in the tanks and fans are installed on the ship. Measures such as
these have a clear effect on the level of hydrogen sulphide; for this ship the limit is not exceeded at
any time during the measurements. The results from ship D indicates that the problem with high levels
of hydrogen sulphide in GB-water will probably decrease in years to come, when the marine is
renewed.
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3.7 Deviating analysis results
3.7.1 Emptying sludge
Samples from some of the ships showed deviant results compared to the others. In general the deviant
results were related to dry substance, metals and oil in the GB-water. On two of the ships, the samples
showed such high concentrations it should almost be considered sludge. The reason for the ships to
empty such high concentrate sewage fraction is that they have sewage treatment on board the ships.
For these ships, the treated water is emptied overboard and the remaining sludge is stored in tanks
and unloaded at port. The dry substance in these samples was about 3%. The composition of GB-water
from these ships approximately corresponds to the composition of brown sludge (sewage in tanks not
connected to municipal STP) (Larsson 2011).
An estimation of the actual composition of this highly concentrated GB-water should be done against
a more independent parameter than water content, for example as above, against suspended material
(see Table 8), a theoretical sludge calculated according to equation [1] in section 3.1.2 “Metals in
relation to solid material”.
Table 8. Content of metals in highly concentrated GBwater from ships, related to suspended material. Limit in
sewage sludge for agricultural purposes (SFS 1998:994).
(n=2). Mean +SE.
Substance
mg kg-1TS
Limit
Lead
1.4 ± 0.2
100
Cadmium
0.1 ± <0.1
2
Copper
92.4 ± 13.8
600
Chromium
3.2 ± 0.4
100
Mercury
<0.1 ± <0.1
2.5
Nickel
2.2 ± <0.1
50
Zinc
220.4 ± 64.3
800
One such calculation indicates that the sludge unloaded from these ships probably does not pose a risk
for the sludge quality when it comes to the prerequisite for it to be used on agricultural land.
3.7.2 Increased metal concentration
In one of the greywater samples there were very high concentrations of copper, magnesium and zinc
(500, 280 and 830 mg/l respectively). The sample was taken on board a passenger ship of the same
type as many of the other ships. The concluding assessment of this analysis result is that this sample
was contaminated when the sampling was done. It is probable that flakes of for example pure metal
or paint have been scraped of when pumps were started prior to the sampling. The metal
concentration in the filtered sample from this ship corresponds to the concentration on other ships
which indicates that the higher concentrations in the unfiltered sample originate from larger particles
in the water.
3.7.3 Oily water
In samples from four out of the 29 analysed ships, the SWWA target value for oil-index was exceeded.
Three out of the four ships that exceed the limit have answered the survey. Two of these ships states
that they sometimes pumps bilge water and water from for example cargo space with the GB-water
to the ports. The oil in these analyses may originate from this type of water that has been
contaminated with oil on board the ships. Four additional ships state that the bilge water is mixed in
the GB-water on board the ships. If the bilge water is treated or not is not known, but several ships
answered that they do treat their bilge water.
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4. Conclusions
From this study conclusions can be drawn from a relatively large base of examined ships. Deeper
understanding was given by the survey. The general conclusion, based on analysis from survey and
analysis, is that GB-water is similar to municipal sewage water with regard to content of metals and
priority substances. The difference between GB-water and municipal sewage water lies in the two to
three times lower water content in the GB-water (based on comparison of BOD7, CODCr and TOC). In
STPs, the treated water is separated from solid materials, and because of this there should be no
downside with lower water content. It is probable that the quality of the sludge after treatment in
municipal STP will not be affected negatively with the addition of GB-water. From comparison between
filtered and unfiltered samples it was shown that the metals in the GB-water mainly were bound to
particles. Because of this it is not probable that the water affects the treatment process in STP badly,
via for example nitrification inhibition.
GB-water is however often strongly anaerobic, among other things because of the mixing of food waste
in the water and storage in closed tanks on board the ships. Anaerobic conditions often gives problem
with increasing levels of hydrogen sulphide in the sewage water, which in turn can give rise to problems
with corrosion of the sewage piping and occupational health problems, because high concentrations
of hydrogen sulphide is toxic to humans. More concentrated sewage water from ships with restaurants
on board can give rise to exceeding levels of ammonium and fat. From the information in the survey it
was shown that different technical solutions, such as airing, fat separators, and separating the food
waste, could prevent many problems in sewage water from ships.
Another difference from municipal sewage water is that sewage treatment on board ships lack
technical standard. This means that there is a large variation between what is emptied between
different ships; both treated and untreated water as well as sludge can be emptied. Municipal STP
works best with incoming water of stable quality. Varying quality of GB-water can give special demands
to the receiver of the GB-water, for example they may need to level out the water by adding other
sewage water to it before sending it to the STP. These types of measures is however dependent on the
design and the strain of the sewage system and varies a lot between different ports.

Another factor for the receiver of GB-water to consider is that the amount of water received varies
with the hours of the day, depending on when there are ships at the port. It also varies seasonally;
more ships travel the Baltic Sea in the summer than in the winter.
Summary of conclusions:
 Treated water, untreated water and sludge after treatment can be unloaded from ships.
 The amount of GB-water that needs to be unloaded varies during the day and with the season.
 GB-water generally contains less water than municipal sewage water.
 Metals and prioritised substances occur in the same concentrations in GB-water as in
municipal sewage water.
 Dissolved metals are below the limits stated by SWWA for negative effect on the biological
treatment processes in the STP.
 GB-water is often strictly anaerobic.
 GB-water often contains high amounts of hydrogen sulphide.
 GB-water sometimes contains high amounts of ammonium and fat.
 Technical solutions can prevent many problems related to storing of GB-water on board ships.
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