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Once the Special Area enters into force the Baltic Sea will become a “no-
discharge zone” for Annex IV waste streams.  However, there are not 

presently adequate shoreside  receptions facilities capable of receiving these 
wastes and, as preparations are made to upgrade port reception facilities, 
municipal treatment facility owners are concerned that the waste streams 

generated by cruise ships are significantly different than those waste 
streams typically received and treated by these facilities.  This paper will 

characterize both landside and shipboard waste streams and conduct a 
comparative analysis between the two to determine if there are significant 

differences between the two. 
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BACKGROUND 

Cruise Lines International Association (CLIA) is the world's largest cruise industry association 
with representation in North and South America, Europe, Asia and Australasia. CLIA represents 
the interests of cruise lines and travel agents before regulatory and legislative policy makers.  
CLIA Europe is the European section of CLIA and promotes the interests of cruise operators 
liaising closely with the Institutions at European and national level in all matters related to 
shipping and tourism policy and ship operations. 

The Baltic Marine Environment Protection Commission – Helsinki Commission, usually referred 
to as HELCOM, is an intergovernmental organization of the nine Baltic Sea coastal countries and 
the European Union working to protect the marine environment of the Baltic Sea from all 
sources of pollution and to ensure safety of navigation in the region. Since 1974, HELCOM has 
been the governing body of the 'Convention on the Protection of the Marine Environment of 
the Baltic Sea Area', more commonly known as the Helsinki Convention. 

HELCOM proposed that the International Maritime Organization (IMO) designate the entire 
Baltic Sea as a “Special Area” under MARPOL Annex IV. This proposal, which was adopted in 
2011, gives passenger ships two choices: reduce the nutrient level – specifically phosphate and 
nitrogen – in treated, discharged wastewater by a certain amount or discharge all wastewater 
ashore. 

Despite significant advancements in wastewater treatment systems aboard cruise ships, current 
and emerging advanced wastewater treatment technologies cannot meet these criteria. Up to 
90% of the Baltic ports may fail to reach the IMO adequacy standard for port reception facilities 
for passenger ships required by MARPOL Annex IV once the special area enters into force. 

As a result, many ports will need to install or upgrade their port reception facilities (PRF) in 
order to continue to provide “adequate” reception facilities as required both under MARPOL 
Annex IV and the EU Port Reception Facilities Directive. 

As an element of the discussions surrounding the upgrading of PRF, questions have been raised 
by some HELCOM Member States regarding the impact of wastewater from cruise ships on 
municipal infrastructure. Specifically, the contention has been made that wastewater from 
cruise ships is significantly different than “typical” raw influent water treated by municipal 
wastewater treatment plants and will pose a challenge due to the constituents making up the 
discharge from cruise ships. 

This report will first present data to characterize the contaminants frequently discharged into 
municipal wastewater treatment systems from various landside sources.  Next, we will 
characterize the wastewater generated by cruise ships.  Finally, International Maritime 

http://www.helcom.fi/
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Technology Consultants, Inc. (IMTCI) will provide a comparative analysis of cruise ship 
wastewater and water currently treated by municipal wastewater treatment plants.   

MUNICIPAL WASTEWATER OVERVIEW 

Influents to a typical municipal wastewater treatment facility are highly variable.  The primary 
variables which affect the contaminants and their concentrations are the source of the influent 
wastewater; the timeframe; and the spatial geography of the influent. 

Sources 

Municipal wastewater is derived from a variety of sources.  Wastewater from these sources has 
significant variability in terms of the contaminants they contain, as well as the concentrations of 
those contaminants.  Each of these sources provides unique challenges to a wastewater 
treatment facility:  

1. Domestic (household wastes): toilet, shower, cooking, washing and laundry  
2. Commercial/service: schools, hospitals, restaurants, offices, hotels, small businesses  
3. Industrial: processing wastewater, cooling water, leachate 
4. Non-point sources:  

a. Infiltration from groundwater into sewers  
b. Inflow from stormwater surcharge into sewer manholes  
c. Combined storm/sewer overflows, older sewer systems where storm sewers 

discharge into sanitary sewers  

Periodic and Episodic Variability 

Each of the aforementioned sources vary significantly over time.  This variability may be cyclical 
or non-cyclical and the frequency may be dependent on a variety of factors such as weather, 
business cycles, and other anthropogenic inputs.  Some of the source fluctuations may be 
directly or inversely correlated.  For example, heavy rainfall will likely increase the volume of 
flow from both Industrial and Non-point Sources; conversely vacation periods might result in 
higher volumes of Domestic and Commercial/Service sources, but decreases in Industrial source 
volumes.  This variability may be daily, weekly, seasonally or completely independent.  Daily 
flow variation depends largely on the size and shape of the collection system1; in general, the 
smaller the collection system, the greater the daily variation. Other influences on flow variation 
include the number and type of pumping stations, types of industries served, and population 
characteristics.  

                                                      
1
 In this case, the “collection system” is the geographic area for the source.  For example, for Non-point Sources, 

the collection system would encompass the entire geographic extent of the storm and sewer system.  An Industrial 
processing collection system would be limited to the sources of wastewater within the industrial processing plant. 
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Composition  

The composition of municipal wastewater varies significantly from one location to another. 
Areas with heavy Commercial and Industrial loads will likely have higher volumes and 
concentrations of metals than a primarily residential (Household) area.  For a given location the 
composition will vary with time. This is partly due to variations in the discharged amounts of 
substances. However, the main reasons are variations in water consumption in households and 
infiltration and exfiltration during transport in the sewage system. For example, systems which 
primarily treat non-point sources will vary significantly due to weather incidents where there 
may be a somewhat predictable seasonality, but highly variable daily or weekly input.  Systems 
whose main component is Industrial will likely have a more predictable pattern of input in 
terms of time and contaminants. 

CHARACTERIZATION OF MUNICIPAL WASTEWATER 

Domestic Wastewater, Septic Tank Effluent, Septic Tank Sludge 

There is significant variability in contaminant, concentration and periodicity of domestic 
wastewater streams.  Domestic or household sewage waste discharges can be characterized in 
two basic categories, those residences that discharge directly to a sewer and those that use 
septic tank treatment with discharge of bio-sludge to the municipal treatment plant. We will 
examine the characteristics of both of these waste streams. Typical components of raw sewage 
entering the septic tank and their concentrations are shown in Table 1. 

Table 1: Raw Sewage Characteristics 

Component Concentration Range Typical Concentration 

Total Suspended Solids, TSS 155 – 330 mg/L 250 mg/L 

5-Day Biochemical Oxygen Demand, BOD5 155 – 286 mg/L 250 mg/L 

pH 6 -9 s.u. 6.5 s.u. 

Total Coliform Bacteria 108 – 1010 CFU/100mL 109 CFU/100mL 

Fecal Coliform Bacteria 106 – 108 CFU/100mL 107 CFU/100mL 

Ammonium-Nitrogen, NH4-N 4 - 13 mg/L 10 mg/L 

Nitrate-Nitrogen, NO3-N Less than 1 mg/L Less than 1 mg/L 

Total Nitrogen 26 – 75 mg/L 60 mg/L 

Total Phosphorus 6 - 12 mg/L 10 mg/L 
Table Notes: 

s.u. = standard units  
CFU/100 mL = Colony-Forming Units per 100 milliliters  
(U.S. EPA, 2002) 
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Table 2. Septic Tank Effluent Water Characteristics  

Component Concentration Range Typical Concentration 

Total Suspended Solids, TSS 36 - 85 mg/L 60 mg/L 

5-Day Biochemical Oxygen Demand, BOD5 118 - 189 mg/L 120 mg/L 

pH 6.4 – 7.8 s.u. 6.5 s.u. 

Fecal Coliform Bacteria 106 – 107 CFU/100mL 106 CFU/100mL 

Ammonium-Nitrogen, NH4-N 30 – 50 mg/L 40 mg/L 

Nitrate-Nitrogen, NO3-N 0 – 10 mg/L 0 mg/L 

Total Nitrogen 29.5 – 63.4 mg/L 60 mg/L 

Total Phosphorus 8.1 – 8.2 mg/L 8.1 mg/L 

(U.S. EPA, 2002); (Crites, et al., 1998) 

Table 3. Septic Tank bio-sludge Characteristics - Examples 

Contaminant Hawkestone Farm Orilia Hospital Whitby Experimental 
House Station 

Total Phosphorus 610 170 200 

Soluble Phosphorus 1.7 33 23.5 

Total Solids 23,350 33,550 35,400 

BOD5 6,000 13,500 12,000 

TOC NT NT 3,525 

COD NT 35,600 20,000 

pH 8.4 6.8 6.2 

Ammonia (as N) 18 88 47 

Total Kjeldahl (N) 2,200 630 900 

Nitrite (as N) .01 .02 .01 

Nitrate (as N) .98 < .01 <.01 

Chlorides (as Cl) 50 78 156 

Sulfates (as So4) 28 21 33 

Potassium (as K) 22 26 16 

Sodium (as Na) 55 89 64 

(Ministry of the Environment, ONT, 1977) 
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Commercial and Industrial Wastewater 

The composition of typical domestic/municipal wastewater is shown in Table 1 where 
concentrated wastewater (high) represents cases with low water consumption and/or 
infiltration. Diluted wastewater (low) represents high water consumption and/or infiltration. 
Stormwater will further dilute the wastewater as most stormwater components have lower 
concentrations compared to very diluted wastewater. 

Table 4. Typical composition of raw municipal wastewater with minor contributions of 
industrial wastewater 

Parameter Contaminant Concentrations (mg/L) 

High Medium Low 

COD Total 1200 750 500 

COD Soluble 480 300 200 

COD Suspended  720 350 300 

BOD 560 450 230 

VFA (as acetate) 80 30 10 

N Total 100 60 30 

Ammonia – N 75 45 20 

P Total 25 15 6 

Ortho - P 15 10 4 

TSS 600 400 250 

VSS 480 320 200 

(Henze, et al., 2008) 

Table 5. Industrial Wastewater Examples - Composition of Effluents from Different Industrial 
Plants  

Parameter  Pharmaceutical 
Industry 

Textile 
Industry 

Sugar-Beet 
Waste 

Coke-Oven 
Liquor 

BOD5 (mg/L) 15,250 2,000 930 1,200 

COD (mg/L) 28,540 5,000 1601 3,900 

SS (mg/L)  5,400 4,000 1,015 950 

Ammonia (as N; mg/L)    6.3 450 

Total N (mg/L) 5,166  16.4 490 

pH  9.3 12 7.1 5.5 

(Horan, 1990) 
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Table 6. The Physiochemical Components of Various Metal Plating Wastewater Samples 
(1),(2),(3)  

Sample 
# 

COD Cr 
(total) 

Cr6+ Cu Fe Ni Zn pH NH3(4) 

1 620 14.7 0.18 12.8 17 1.86. 81.6 6.8 .087 

2 470 3.1 2.81 .32 .07 .06 .36 7.9 1.123 

3 55 65 62.1 1.6 2.66 55.3 .65 6.5 .001 

4 50 .29 <.01 <.05 .06 .30 <.05 6.4 .001 

5 <5 .05 <.01 <.05 1.34 .07 <.05 7.8 .008 

6 <5 .31 <.01 .32 8.59 .7 .44 6.3 - 

7 5 .4 <.05 .23 10.4 1.33 2.19 7.3 - 

8 <5 .05 <.05 <.05 1.48 .13 <.05 7.8 - 

9 <5 103.6 99 3.15 6.15 10 <.5 7.1 - 

10 110 .21 <3 <.05 .28 .08 <.05 8.3 .409 

11 5 .13 <.005 <.05 1.31 .10 <.05 8.0 - 
Table Notes: 
1) Concentration in mg/L, unless otherwise noted. 
2) Cd, Pb, Hg, and CN were not detected. Detection limit for Cd and Pb, 0.05 mg/L; Hg, 0.0002 mg/L; CN, 
0.01 mg/L;  
3) Metal concentration expressed as total metals unless otherwise noted. 

4) As the un-ionized form at 21C and calculated from total ammonia concentrations according to 
Emerson et al. (1975) 

(Treating Metal Finishing Wastewater, 1998) 
 

ON SITE PRODUCED WASTEWATER - RESORTS 

When attempting to evaluate the characteristics of cruise ship wastewater, an appropriate 
landside “benchmark” is the effluent from a resort which uses decentralized or “on site” 
wastewater treatment. In many ways, a stand-alone resort which must treat all of its own 
wastes will have many of the same characteristics and inputs as a cruise ship.  

Domestic wastewater from a resort is the spent water originating from all aspects of human 
sanitary water usage. It is typically a combination of flows from the kitchen, bathroom and 
laundry, encompassing lavatories, toilets, baths, kitchen sinks, dishwashers, and washing 
machines.  In this way, it is very similar to the wastewater typically associated with cruise ship 
activities. 

Domestic wastewater as the name implies, principally originates in residences, commercial and 
institutional establishments and is also referred to as sanitary sewage. For a Caribbean resort 
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development, a feasibility study was undertaken for approval of the project. Careful 
examination of the wastewater generated by the development was undertaken. In order to 
estimate the projected quantity of sewage waste, it is necessary to look at the nature of the 
sewage effluent. Table 7 is a summary of the characteristics of domestic sewage in the 
Caribbean region used for the study. 

Table 7. Typical Composition of Untreated Domestic Sewage – Residential Subdivision 

Contaminant Contaminant Concentration (mg/l) 

Low Medium High 

Alkalinity (as CaC03) 50 100 200 

BOD 100 200 300 

COD 250 500 1000 

Total Suspended Solids (TSS) 100 200 350 

Settleable Solids 5 10 20 

Total Dissolved Solids (TDS) 200 500 1000 

Total Kjeldahl Nitrogen (TkN) 20 40 80 

Total Organic Carbon (TOC) 75 150 300 

Total Phosphorus 5 10 20 

(Gross, 2004) 

The composition and nature of liquid waste described in Table 7 reflects the wastewater 
produced by a typical residential subdivision including, but not limited to sewage, graywater, 
household wastewater, rainwater, infiltration, exfiltration and other naturally occurring and 
anthropogenic sources. As with Industrial / Commercial wastewater streams, there may be 
significant variability in these waste streams.  

In another case waste streams from two existing resorts were used as a benchmark for 
predicting wastewater effluent requiring treatment from another proposed development in the 
same region. Those data are reflected in Table 8. 
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Table 8 – Resort Waste Stream Comparison 

Contaminant Spirit Mountain 
(1)(2)(3) 
(Actual)  

Viejas Casino(4) 
(Actual)  

Elk Valley (5) 
(Predicted) 

BOD – Total (mg/L) 477 630 600 

BOD – Soluble (mg/L) 400 430 450 

TSS (mg/L) 317 250 350 

TKN (mg/L)   130 130 

NH3-N (mg/L)  100 100 

pH <5 7.5 5 
Table Notes: 
1) Spirit Mt. influent TSS = 800 mg/L prior to screen, 550-600 mg/L after 3mm screen, 300-350 after 

1mm screen  
2) Spirit Mt. influent BOD – 70-80 of soluble 
3) Spirit Mt. COD is 2x BOD 
4) Viejas influent quality for equalized flow 
5) Wastewater loads for El Valley Rancheria based on Spirit Mt/ and Viejas resort historical data 

(MWH Americas, 2004) 

CRUISE SHIP WASTEWATER CHARACTERIZATION  

The wastewater generated by cruise ships has far less variability than its landside counterparts.  
For the reasons described above (Municipal Wastewater Overview), there is an extremely high 
degree of variability of influent water between municipal wastewater treatment systems, as 
well as within the same municipal wastewater treatment system over time due to the variety of 
sources and variables.  Conversely, cruise ships’ wastewater has relatively low variability both 
between different ships utilizing the same method of treatment, as well as time intervals on the 
same ship.  While passenger load will affect the volume of wastewater, the primary 
contaminants and their concentrations will remain relatively constant on a ship by ship basis 
across the fleet.   

All cruise ships operating in Baltic Sea ports have two primary methods for treatment of Annex 
IV wastes:  traditional onboard sewage treatment plants (STP) or advanced wastewater 
treatment plants (AWTPs)2.  Of the seven vessels evaluated, all vessels constructed after 2010 
have installed AWTPs, while others have retrofitted AWTPs on board.  Seven vessels which 
normally call on Baltic ports were sampled and their wastewater analyzed.  Four of the seven 
vessels used AWTPs for wastewater treatment.   

                                                      
2
 All shipboard treatment systems in use on cruise ships trading in the Baltic Sea are certificated under either 

Resolution MEPC .227(64) or MEPC.159(55). 
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Table 9. Cruise Ship Wastewater Characterization 

Ship 
Number 

System 
Type 

TSS TKN COD BOD NH3 

1 STP 2980 299 3883 415 189 

2 STP 35  2728 1850 690 

3 STP 420 359 1090 500 298 

4 AWTP ND 62 67 ND 76 

5 AWTP 9.4   16.7  

6 AWTP ND 90 30 ND 114 

7 AWTP  120 320 130 100 

Average  574.1 186.0 1353.0 416.0 244.5 

Max  2980 359 3883 1850 690 

Min  ND 62 30 ND 76 

ND – Not detected 

CRUISE SHIP BIO-SLUDGE CHARACTERIZATION 

As a result of the use of STPs or AWTPs on any cruise or passenger vessel, the formation of bio-
sludge is an inevitable result, as it is with terrestrial wastewater treatment systems. As is the 
case with all de-centralized wastewater treatment, the concentration of contaminants in the 
inlet stream are typically more concentrated than municipal sources and the resulting bio-
sludge concentrations are typically higher as well due to the lack of dilution in the inlet water. 

In the case of STPs, raw wastewater is treated via a series of holding tanks where some bio-
sludge naturally settle out of the water and the bio-sludge is collected and removed 
periodically. Some STPs also utilize a bio-digestion phase in the holding tank processing 
whereby bio-sludge volumes can be reduced via digestion. 

AWTPs typically contain a bio-digestion component where some percentage of solids is 
digested and resulting bio-sludge volume is reduced prior to secondary phases of treatment in 
the process. 

Collected bio-sludge can be managed in a variety of ways. Primarily, bio-sludge is discharged at 
sea as black water (more than 12nm from land at speeds greater than 4 knots) in accordance 
with existing Convention requirements. In some cases the bio-sludge may be de-watered and 
subsequently disposed of by incineration. Alternatively, when reception facilities are available, 
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the bio-sludge may be collected and discharged directly to shore as a separate waste stream or 
as a mixed slurry with the overall sewage discharge. 

In addition to vessel size and passenger load, bio-sludge volumes are directly impacted by 
several factors; 

 Raw wastewater characteristics 

 Use of bio-digestion, and efficiencies 

 Segregation of grey and black waters onboard 

 Use of de-watering prior to disposal 

The end result of bio-sludge discharges to municipal systems from cruise and passenger ships, 
where comingled with the liquid discharge, is a more typical concentration of bio-solids. If 
comingling does not occur, the bio-sludge can be mixed with the municipal bio-sludge with 
negligible impact on volumes. Many municipal plants find beneficial uses for their bio-sludges 
for agriculture or other purposes where nutrient rich solids are beneficial bio-sludge. 

Significant studies have been undertaken over the years by the Port Of Seattle concerning 
biomass generated by cruise ships wastewater treatment on vessels visiting the port. (Port of 
Seattle, 2008) Those studies have evaluated the chemical characterization of the biomass from 
a vessel compared to that of the municipal facility. Their findings reflect that concentrations of 
nearly all parameters in the cruise ship biomass are well below King County biomass 
concentrations for metals.  

COMPARATIVE ANALYSIS 

For the purposes of this comparative analysis, a comparison will be made for the contaminants 
identified in Table 9.  The data for the cruise ships will be compared against the data from 
various land-based waste streams identified previously in this report.  Table 10 is a comparison 
of these wastestreams. 
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Table 10.  Comparison of Cruise Ship Contaminant Concentrations with Landside Contaminant 
Concentrations 

Source TSS TKN COD BOD NH3 

Table 9. Cruise Ship (1) 574 186 1,353 416 255 

Cruise Ship Bio-Sludge (2)  2,450 82,000 3,700 400 

Table 1. Raw Sewage 250 60  250  

Table 2. Septic Tank Effluent 60   120 40 

Table 3. Septic Tank Sludge (3) 30,767 1,243 27,800 10,500 51 

Table 4. Raw Municipal Influent (4) 250  750 450 45 

Table 5. Industrial Wastewater (5) 2,841  9,760 4,845 228 

Table 8. Resort Wastewater (6) 306 130  569 100 
Table Notes: 
(1) Average of 7 cruise ships used. 
(2) Data from 2 cruise ships –both of which utilize the same AWT) – was used.  Due to the small sample 
size, these two datapoints may not be representative of the entire Baltic Sea cruise ship industry, but 
provide a generalized reference regarding bio-sludge characterization. 
(3) Average of 3 different landside facilities used. 
(4) Medium contaminant concentration used. 
(5) Average of 4 different plant types used. 
(6) Average of actual and predicted values of 3 resorts used. 

For four of the five contaminant categories, one of the other common landside wastewater 
streams exceeded those values for the cruise ship discharge.  In other words, the cruise ship 
contaminant concentration was less than the maximum influent from other sources.  In only 
two cases – ammonia and bio-sludge– the cruise ship wastestream were the maximum.  In the 
case of ammonia, the value for Industrial Wastewater was within 10% of the value for cruise 
ships. In the case of bio-sludge it must be considered that the sludge is of a considerably higher 
solids to volume ratio due to the efficiency of the AWTP process. In order to make a direct 
comparison with other bio-sludges, volumes relative to influent volumes must be considered. 
Additionally, with the exception of the ammonia, the cruise ship contaminant concentration 
was less than the average of the other six landside wastestreams.  Even when bio-sludge was 
removed from the, the cruise ship concentration level was less than the average level for the 
other landside sources in three of the five categories (TSS, COD, BOD) 

Based on a comparative analysis of these data, clearly the Annex IV wastestreams generated by 
cruise ships are well within the limits that most municipal wastewater treatment systems 
encounter on a normal, routine basis.  Additionally, since the cruise ship wastestreams are 
likely to be far less variable, wastewater treatment system managers will not have to deal with 
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nearly as many “upsets” to the system where unexpectedly heavy loads or contaminants are 
introduced into the system. 

CONCLUSIONS 

Upon consideration of the data, it is not possible to conclude that shipboard wastewater is 
somehow “unique” in its characteristics in relation to “typical” waste streams treated by 
municipal wastewater treatment works.  

As is clearly depicted in the data presented, numerous industrial effluents present far more 
challenging scenarios for priority pollutants such as heavy metals when compared to cruise ship 
effluent. Further, even when comparing cruise ship effluent to domestic waste, none of the 
constituents stands out as particularly unique or problematic in comparison.  

It is clear that effluents from cruise ships vary when comparing vessels utilizing STP systems to 
those employing AWTPs, but even in the case of basic treatment through the use of STPs, which 
is by far the more contaminated waste stream, the effluent poses no “different” characteristics 
that domestic effluents from residential or resort based wastewater. 

It is important to consider the sources of wastewater on cruise ships to put this into 
perspective. There are three basic waste streams involved; 

 Accommodations – sinks and showers 

 Galleys – kitchen waste from food preparation  

 Laundry – typical wash water waste 

In each case these waste streams and the associated pass through characteristics of the 
effluent would be found in common domestic wastewaters as well as those from hotels, 
commercial laundries and restaurants. 

There are peripheral waste streams from swimming pools and spas, some other accumulated 
wastewater from cleaning operations and a small contribution form dry cleaning operations. 
Typical surfactants and other common chemicals would be involved in this case, but again, 
these would also be common to hotel, laundry and restaurant activities from terrestrial 
sources. 

There is another common trait of wastewater whether produced in landside facilities or 
onboard cruise ships. The raw water contains contaminants. Some of those contaminants can 
be mitigated by bio-digestion (on land or onboard) while others can only be concentrated as a 
result of treatment. Concentrated waste or sludge can be disposed of as wet slurry or it can be 
dried for land disposal or incineration. This is common practice in many industrial applications 
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where highly toxic chemicals are found, i.e. metal finishing, printed circuit board 
manufacturing, pharmaceutical industries, etc. These contaminants can be precipitated out of 
the water to some extent, but must still be disposed of in some manner. This is also true of 
cruise ship waste. Where bio digestion is utilized, some nutrients and other characteristics of 
the wastewater can be eliminated or significantly reduced, in other treatment scenarios or in 
the case of other contaminants, they can only be concentrated as bio-sludge, either in wet 
slurry or dried form. 

As with terrestrial wastewater sources, where on site treatment is utilized, either from septic 
tanks or in the case where in situ wastewater treatment plants are used, i.e. resorts or 
industrial facilities, the accumulated bio-sludge waste is often collected and delivered to the 
municipal facilities for treatment or disposal. Cruise ships will also accumulate bio-sludge waste 
whether from STPs, similar to septic tank bio-sludge, or from AWTPs, somewhat more 
concentrated, but typically in much smaller quantities. 

If and where these bio-sludge streams will become part of the effluent associated with a 
reception facility, it is necessary to consider the dilution factors prior to introduction to the 
overall wastewater influent to the municipal facility. In this case, due to the small volumes, 
typically less than 10 m3/day, there would be negligible impact on the municipal infrastructure. 

Therefore, it must be concluded that with adequate reception facilities to receive the 
wastewater effluent from cruise ships, no characteristics of that waste stream would be 
somehow unique and not a part of the daily effluent streams already being treated by 
municipal wastewater treatment works. 
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