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 The Federal German Hydrographic and Maritime Agency - BSH, Hamburg, Germany, the SGS 
Institut Fresenius GmbH, Taunusstein, Germany, have developed a sampling device prototype for  
rapid onboard sampling of ballast water. The sampling device should be used to collect samples for 
analysis to verify compliance with the D-2 requirements from the International Maritime Organisation 
(IMO). According to the IMO Ballast Water Convention, all ships have to disinfect their ballast water 
to ensure a maximum viable organism density for ≥50µm organisms, ≥10-50µm organisms and 
bacteria during discharge (Table 1). As an independent third part, Norwegian Institute for Water 
Research (NIVA) has tested the sampling prototype device developed by SGS during ongoing full scale 
testing of a ballast water management system (BWMS) at NIVA’s land-based test facility. The results 
are presented in this report. 
 

Table 1 Required biological water quality in treated water during discharge according to IMO 

regulation D-2 (BWM Convention). 

Organism group In treated on discharge (Regulation D-2) 

≥50 µm min. dimension <10 viable organisms per m3 

≥10-50 µm min. dimension <10 viable organisms per ml 

Heterotrophic bacteria - 

Escherichia coli < 250cfu/100 ml 

Intestinal enterococci <100 cfu/100 ml 

Vibrio Cholerae <1 cfu/100 ml 

 

 

The main objective of this test was to validate and compare the results from sampling with the 
sampling device developed by SGS to the results obtained by using NIVAs standard methods for 
sampling.  All samples were analysed for ≥50µm organism, ≥10-50µm organism and heterotrophic 
bacteria by NIVA with standard analytical  methods applied for Ballast Water Treatment System 
testing according to IMO guidelines.  
 

 

1.3.1 Description of the sampling prototype to be evaluated 

The SGS ballast water sampling device (Figure 1) consist  of  filterhousing, an isokinetic bypass 
sampling valve (ball valve type) and a main valve (ball valve type) with an inlet pipe and an outlet pipe.  
 
The ballast water enters the sampling device from the onboard ballast water main pipes through the 
inlet pipe into the filter housing (50μm filter basket). From the filter housing the water flows towards 
the main valve. An isokinetic bypass directs the ballast water to a smaller bypass sampling pipe for 
sampling of IMO organism target groups (i) ≥10μm-50μm and (ii) bacteria. Having passed the 
sampling system the ballast water is re-flushed through the outlet pipe into the ballast water main pipe 
system.  
 
The sample volume (for organisms >50μm) is measured by a magnetic inductive counter. The volume 
counter run on rechargeable batteries. 
 
The prototype 01 of the SGS sampling device (Figure 2) has a small footprint (50x60cm), a moderate 
height (80cm) and a rather low weight (approx. 15 kg). All materials are stainless steel.  
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Figure 1. The functional principle of the SGS sampling device. 
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Figure 2. Picture of the SGS sampling prototype 01. 
 
 

1.3.2 NIVA test site 

The test was conducted at NIVA’s test site located at Solbergstrand 20 km south of Oslo (Figure 3). 
Sea water is supplied from various depths down to 60 m in the Oslofjord, while fresh water is supplied 
from ground water bore holes or from a local creek. The test facility includes 4 glass-fibre reinforced 
polyester tanks, supplied with inlet and outlet arrangements and equipment for proper cleaning. The 
surfaces of the tanks are coated with coatings for ships (Balloxy HB light, Jotun, Norway). Propeller 
devices with gentle rotation are mounted at the bottom and at shallow depth in TT1 and TT2 tanks. 
Tt1 and TT2 tanks measured 8m in diameter and are 4.5 m high. 
 
Configuration of the four test tanks with pipes, valves and propeller devices is shown in Appendix 1. 
The pipeline diameters are given in mm. All tanks have a bottom cone and a central drain, as 
exemplified by the bottom arrangement in TT2, shown in Figure 4. Figure 4 also show the two 
different propeller devices installed in all tanks; the upper installed and the bottom-installed. 
 

 
Figure 3. Picture of Solbergstrand and map showing where it is situated. 
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Figure 4. Left side picture: Propeller devices installed in all tanks; the upper installed and the 

bottom-installed. Right side picture: Bottom arrangement in TT1 showing influent and effluent 

pipelines. 
 
 

1.3.3 Testing protocol 

The testing of the SGS sampling prototype was carried out during an ongoing BWMS testing at 
NIVA’s full scale land-based testing facility. During discharge operation, approximately 220m3 of 
treated water was pumped at a flow rate of 200m3/h from a water storage tank TT1 through the 
BWMS for water treatment to another storage tank TT2 (Figure 5). Three samples were collected in-
line with the SGS sampling prototype during pumping operations. The samples were analysed by 
NIVA, in parallel to NIVA’s in-tank samples as described in the section 1.3.4.  
 
The SGS sampling prototype was installed between the BWMS and the storage tank, as presented in 
Figure 5 and Figure 6. The location of the SGS sampling prototype in an overview of NIVA’s testing 
facility configuration is presented in Appendix 1. 
 

 
 
 
 
 
 
  
 
 
 
 

Figure 5. Treated water transfer  during discharge operations of an ongoing BWMS testing at 

NIVA’s test facility. 
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Figure 6. Picture of NIVA’s main ballast water pipeline between the BWMS and the TT2 tank on 

which the SGS sampling prototype was installed. 
 

1.3.4 Sampling methods 

SGS sampling methods 
According to IMO regulations the isokinetic sampling port was installed immediately after the BWMS 
on the main pipeline to the TT2 tank (Figure 3). The dimension of the flanges for inlet pipe and 

backflush port to the main ballast water pipeline was DN 65 (Figure 7).  

 

 
Figure 7.Sketches of outlet backflush pipe (left) and inlet sampling port (right).   
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The SGS’s procedures for collecting in-line samples during pumping operation from TT1 tank to TT2 
tank were as follows: 
 
1) In-line sampling of organisms Ó 50 Õm: the valves for inlet and outlet pipes of the prototype were 

opened (Figure 1). The water was sieved through the 50µm basket filter placed in the filter house 
during a measured time. When the sufficient water volume was filtered, the valves were closed. 
The filter house of the prototype was manually removed to collect the up-concentrated sample in a 
cup beneath the filter house. The sample was transferred to a 100mL glass bottle for immediately 
analysis.    
 

2) In-line sampling of organisms Ó10-50 µm : Organisms with a minimum diameter between 10 µm and 50 
µm were collected as 3x 1L grab samples by filling up 1L clean plastic bottle of 50µm sieved water 
from the by-pass sampling pipe (Figure 1).  The bottle was closed immediately after sampling and 
stored at 4°C in a dark cooling room. 

 
3) In-line sampling of bacteria: Bacterial samples were collected as 3x1L grab samples by filling up 1L 

clean bottle with 50µm sieved water from the by-pass sampling pipe (Figure 1). The bottle was 
closed immediately after sampling and cooled at 4°C. 

 
 
NIVA sampling methods  
 
NIVA operated with in-tank sampling from TT2 tank by siphoning immediately after pumping 
operation. A hose was placed in the tank with one end at approximately 2m depth on the periphery of 
the tank and the other end into a 1m3 tank placed below the tank (Figure 8). Before any samples were 
collected, the following procedure was carried out to assure that representative samples are withdrawn. 
The water was homogenized using a propeller device before sampling from TT2. The particulate 
content in the water was kept in suspension.  Propeller devices were in operation before, during and 
after transfer of water from TT1 to TT2. To verify the homogeneity of the water, the turbidity was 
measured in different sections of the tank (upper part, middle part and bottom part, in both periphery 
and centre) with a handheld submersible probe (YSI – 600 OMS). If each turbidity measurement was 
within a 10 % deviation from the average turbidity of all measurements in the tank, sampling was 
started. 
 

 
Figure 8. Picture of NIVA’s (siphon spillway) sampling hose placed from the 200m

3
 tank (in 

background) to the  1m
3
 sampling tank (in front). 
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The NIVA’s procedures for collecting samples from the TT2 tank for the different analysis parameters 
were as follows: 
 
4) Sampling of organisms Ó 50 Õm in TT2: A siphon spillway was used to collect 3x 1 m3 test water from 

TT1 and TT2 directly after transfer. The water was sieved directly through a plankton net (50 µm 
diagonal dimensions) attached to a plastic cup, collecting the organisms in the cup. The sieved 
water was collected in known volume tanks to ensure accurate sampling volume. 
 

5) Sampling of organisms Ó10-50 µm in TT2: Organisms with a minimum diameter between 10 µm and 
50 µm are sampled as 3x 1L for treated water with a clean glass bottle. The bottle was closed 
immediately after sampling and stored at 4°C in a dark cooling room. 

 
6) Sampling of bacteria in TT2: Bacterial samples are collected as 3x500mL grab samples by slowly 

submerging a sterile bottle. The bottle is closed immediately after sampling and cooled at 4°C. 
 

Table 2 summarizes which sampling equipment is used to collect samples for the individual 
parameters.  
 

Table 2 Sampling equipment and containers used and sampled volume for the individual 

parameters. 

Parameter 
Sampling 

equipment 
Sample container 

Collected 
volume 

TT2 

Organisms ≥ 50 µm 
and diversity 

Sieving* Clean glass bottle 3x 1 m³ 

Organisms ≥ 10-50 µm 
and diversity 

Directly 
Clean glass bottle, clean plastic 

bucket 
3x 10L 

Heterotrophic bacteria Directly Sterile bottle  
 

3x 500mL 
 

 

1.3.5 Sample preservation before analysis 

General preservation and handling methods of water samples are described in NS-ISO 5667-3 (2003) 
water quality- Sampling –Part 3: Guidance on the preservation and handling of water samples. All 
samples, which have to been sent to a laboratory for analysis, are collected, clearly identified and 

packed in a cooler bag (4  C) under transport. When the samples arrived at the laboratory, they are 
stored in a cool room. Preservation methods and expected storage/holding times before measurement 
are shown in Table 3. 

 

Table 3 Preservation methods and expected storage/holding times before measurement. 

Parameter Preservation Maximum 
holding time 

Expected 
storage time 

Organisms ≥ 50 µm 4oC 6 hours < 2 h 

Organisms 10-50 µm Dark, 4oC 24 hours < 24 h 

Heterotrophic bacteria 4oC 24 hours < 24 h 
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1.3.6 Analysis methods  

Identification and quantification of organisms ≥50 mm: Samples for organisms Ó50 µm were 
inspected using a stereo loupe at 10-40x magnification. Viable organisms were counted and identified 
based on motility and integrity according to OECD (1985): OECD Test Guideline for Testing of 
Chemicals 202, “Daphnia sp. acute immobilization test and reproduction test”.  
 

Identification and quantification of organisms ≥10-50 mm: 
CFDA-staining method 
The viability of the micro-plankton (≥10-50 µm) is determined by observing cells incubated with 5-
carboxyfluorescein diacetate acetoxymethyl ester (CFDA-AM) according to Ganassin et al. (2000). 
CFDA-AM is hydrolysed only in a living cell. CFDA-AM is a marker for cell membrane integrity and 
may be measured directly in cells. In principle, the non-fluorescent chemicals CFDA-AM is taken up in 
the cytosol, where it becomes hydrolysed into fluorescent end products. These end products are 
trapped inside the cellular compartment and may be observed in an epifluorescence microscope using 
excitation filter 485 nm and emission filter of 530 nm. In the epifluorescence microscope viable cells 
are observable as brightly yellow/green coloured cells, while non viable cells are pale green 
(heterotrophic cells) or pale green with red autofluorescence of the chloroplast (photoautotrophs). 
Numbers of viable and non viable cells are counted at 300x – 480x magnification. 

 
Serial dilution-culture method (MPN method) 
The dilution-culture method is used as a complementary method for testing viability of organisms  

²10-50 mm. The method used is based on Throndsen (1978).  Briefly, the dilution series is achieved by 
adding 1 ml sample to 9 ml of algal growth media (20% Z8 seawater media). After gentle but 
thoroughly mixing, 1 ml of this sample is further diluted with 9 ml of growth medium. In this way, a 
series of 10x dilution series are made. Number of dilution steps is set according to the expected cell 
density on the original sample. Five parallels are recommended to provide statistical significance of 
estimated number. The test-tubes are sealed/corked and incubated in a room or cabinet with 
controlled light and temperature conditions. After two to three weeks (depending on light and 
temperature conditions) the cultures are examined microscopically and the presence of each species in 
the tubes is noted. When the growth pattern (presence or absence) of each species through the culture 
series has been determined, the most probable number (MPN) per unit volume can be estimated from 
tables. Tables are given in Throndsen (1978).  
 
An additional cultivation method for enumeration of viable and reproducible Tetraselmis suecica was 
used by plating the samples on agar plates. 100 µl of samples was spread on a seawater agar growth 

medium and incubated in constant light for 3-5 days at 20  C. Colonies of Tetraselmis sp. were observed 
by viewing agar plates in stereo microscope at 16x magnification. The procedure has a detection limit 
of 10 cells/ml. 
 
 
Heterotrophic bacteria 
Heterotrophic bacteria are quantified according to a modified version of International Standard NS-
EN ISO 6222:1999 by using a marine agar for isolation of marine heterotrophic bacteria at a 
temperature of 22±1°C and an incubation period of 7 days. 
 

 

The test was conducted on the 18th of November 2013. During discharge operation, approximately 
228m3 of treated water was pumped at a flow rate of approximately 200m3/h from the storage tank 
TT1 through the BWMS for water treatment to another storage tank TT2. The water disinfection 
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during discharge included UV treatment only. Three samples were collected in-line with the SGS 
sampling prototype after UV treatment during pumping operation. Samples were analysed for ≥50µm 
organism, ≥10-50µm organism and bacteria. At the same time, NIVA collected in-tank triplicate 
samples from the tank TT2 immediately after UV treatment and after pumping operation was 
completed, according to the procedures described in section 1.3. Both the NIVA samples and the SGS 
samples were analysed by NIVA for ≥50µm organism, ≥10-50µm organism and bacteria, according to 
the analytical methods described in section 1.3. The analytical results are presented in the Table 6 for 
≥50µm organism, in the Table 7 for ≥10-50µm organism and in the Table 8 for heterotrophic 
bacteria. 
 

1.4.1 Sampling volume  

For each sampling period, the SGS device measured the sample volume by recording the sampling 
time and the flow-rate by a magnetic flowmeter. The results are presented in Table 4. IMO requires the 
collection of 1m3 of ballast water for each ≥50µm organism sample. According to the SGS device 
calculations, 470.88L were collected for each sample (Table 4 Sample ID: SGS 50). Only half of the 
water volume required by IMO was collected in-line by SGS due to limited pumping time. For ≥10-
50µm organism and bacteria analysis, 1L was collected for each sample (Table 4 Sample ID: SGS 10-50 
and SGS BAC). IMO requires >10L and >500mL water volume for each sample for ≥10-50µm 
organism and bacteria analysis, respectively.  
 
Sampling time for each sample collected by the SGS device and NIVA during treatment and pumping 
operation is presented in the Table 5. The pumping operation started at 10:51 and was completed at 
11:49. All SGS samples were collected in-line within 44 minutes after pumping start. While the last in-
tank sample of the NIVA samples was collected approximately 2 hours (125 minutes) after pumping 
start (Table 5). 
 

Table 4 Sample data from the SGS in-line sampling prototype. 
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Table 5 Sampling time of each organism size group collected by the SGS device and by NIVA 

during the  water pumping operation which started at 10:51 and was completed at 11:49. 

 SGS NIVA 

Organism 
size group 

≥50µm ≥10-50µm and bacteria ≥50µm ≥10-50µm  and bacteria 

Sample 1 10:58-11:06 11:12 11:50-12:12 11:50 

Sample 2 11:14-11:22 11:26 12:12-12:34 12:12 

Sample 3 11:30-11:38 11:42 12:34-12.56 12:34 

 
 
 

1.4.2 Viable organisms in the ≥50µm group 

 
The samples for ≥50µm organism analysis were collected after flushing of the sampling systems with 
treated water, and analysed within 2h after sampling time. The results of the samples from the SGS 

device and from NIVA for the ≥50µm organism group are presented in Table 6. The results show 

that the density of viable ≥50µm organisms in the SGS samples was slightly higher than in the NIVA 
samples, with 30 and 13 organism/m3 respectively. SGS collected the samples in-line during pumping, 
while NIVA collected the samples immediately after the pumping was completed from a well-mixed 
tank. The volume sampled by the SGS system (1.4m3) was small (<1%) compared to the total tank 
volume (>200m3). The organisms removed by SGS sampling system during pumping would not 
influence significantly the organism count result in the NIVA’s in-tank samples.   
  
As the variation in organism counts between parallel samples (standard deviation) is in the same range 
as the difference in counts between the SGS and NIVA samples, it is difficult to conclude about the 
significance of the differences between SGS and NIVA samples.  
 
The sampling time for each sample was 8 minutes for 470L sample with SGS prototype sampler and 
22 minutes per 1m3 sample with NIVA’s method (Table 5). This implies that the flow-rates in the 
sampling pipes were 3.5m3/h for the SGS device and 2.7m3/h for the NIVA method. These two flow 
rates were low and shouldn’t cause any mortality during sampling. 
 
In conclusion, the number of organisms ≥50µm in treated ballast water during discharge was not in 
compliance with the IMO D2-requirements, whether the samples were collected with the SGS 
sampling prototype or with the NIVA’s sampling method.   
 

Table 6. Viable organisms in the ≥50µm group in samples collected by the SGS device and by 

NIVA.  
 ≥50µm organism  
 SGS samples NIVA samples 

 
Organism 
number 

Sample 
volume 

Organism/m3 
Organism 
number 

Sample 
volume 

Organism/m3 

Sample 1 11 470.88 L 23 7 1000L 7 

Sample 2 8 470.88 L 17 12 1000L 12 

Sample 3 24 470.88 L 51 20 1000L 20 

Average ±stdev 30±18 13 ±6.6 
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1.4.3 Viable organisms in the ≥10-50µm group 

 
The ≥10-50µm organism analysis results are presented in the Table 7.  
 
With the CFDA method, 110 viable cells/mL were observed in the SGS samples and 116 viable 
cells/mL in the NIVA samples. The numbers are very close, and indicate that the two sampling 
methods applied will give similar results regarding the ≥10-50µm organism group with the CFDA 
method. The counts are approximately 10 times higher than the IMO D-2 requirements. However, the 
CFDA method may overestimate the number of viable cells in UV treated water. The staining method 
measures the enzymatic activity of the cell. UV radiation damages the cells’ DNA without immediately 
effect on the cell membrane and the cell’s enzymatic activity. Even with a damaged DNA, the cell may 
take up the stain used in the CFDA method, and appear as live in the microscope. Therefore the 
CFDA method is probably not a suitable analytical method for viable cell enumeration after UV 
treatment. 
 
With the plate count method which is a culture method, growth was not observed in any of the SGS 
samples or the NIVA samples. The average number of colony forming units (CFU) was  below the 
detection limit of the method which is 10 cell/mL.  
 
The results from the second culture method (MPN method) confirm the results of the plate count 
method. An average of 0.2 viable cell/mL and 1.3 cell/mL was observed in the NIVA samples and 
SGS samples, respectively. The 95% Confidence Interval (CI) was <0.1-1.1 for the NIVA samples and 
0.5-3.9 for the SGS samples. As the CI overlaps each other, the difference in average of viable and 
reproducible cells between the SGS samples and the NIVA samples is not considered as significant. 
 

Table 7. Viable organisms in the ≥10-50µm group in samples collected by the SGS device and by 

NIVA . Three different analytical methods were applied, and results are shown as average value 

with standard deviation or confidence interval (CI).  

 ≥10-50µm organism (cell/mL) 

 SGS samples NIVA samples 

 Plate count MPN (95% CI) CFDA Plate count MPN (95% CI) CFDA 

Sample 1 <10 2.3 98 <10 0.4 132 

Sample 2 <10 0.9 124 <10 <0.3 112 

Sample 3 <10 0.9 108 <10 0.4 104 

Average ±stdev <10 1.3 (0.5-3.9) 110±13 <10 0.2 (<0.1-1.1) 116±14 

 
 

1.4.4 Heterotrophic bacteria 

The analytical results for heterotrophic bacteria  of the SGS samples and the NIVA samples  are 
presented in Table 8.  
 
The average results show 1400±730 CFU/mL and 530±40 CFU/mL in the SGS samples and the 
NIVA samples, respectively. The coefficient of variance (CV)  between parallel samples from the SGS 
device is high (30%), due to the large differences when comparing Sample 3 to  Samples 1 and 2. This 
might be explained by the heterogeneity of the water between the three different sampling periods 
during ballast water pumping. For the NIVA samples, the CV is low ( 4%) which indicates good 
homogeneity in  the tank during  sampling. However, the  difference in average counts between the 
SGS and the NIVA samples is below 0.5 log10, and the standard deviation between the samples is high. 
Therefore, it is difficult to conclude whether the difference is significant or not. 
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There is no IMO requirement for heterotrophic bacteria in treated discharge water. Therefore the 
results will not influence the conclusion for compliance of the tested ballast water with D-2 
requirements. 
 

Table 8. Heterotrophic bacteria count  in the SGS and NIVA samples. 

 Heterotrophic bacteria (CFU/mL) 

 SGS samples NIVA samples 

Sample 1 1.5 x 103 5.7 x 102 

Sample 2 2.0 x 103 5.2 x 102 

Sample 3 1.6 x 102 4.9 x 102 

Average 1.4 x 103 5.3 x 102 

Standard deviation 7.3 x 102 4.0 x 101 

 

 
Norwegian Institute for Water Research (NIVA) has tested the sampling prototype device developed 
by SGS during ongoing full scale testing of a UV ballast water management system (BWMS) at NIVA’s 
land-based test facility. The samples were analysed for viable organisms in the ≥50µm group, ≥10-
50µm group and heterotrophic bacteria, and compared to analytical results obtained by using NIVAs 
standard in-tank sampling procedures.  
 
Viable organisms after treatment in the ≥50µm group 
The results show that the density of viable ≥50µm organisms in the SGS samples was a little higher 
than in the NIVA samples, 30 and 13 organisms/m3, respectively. However, the standard deviation of 
organism counts in the SGS parallel samples was in the same range  as the difference in  counts  
between the SGS and NIVA samples. Additionally, the sample  volumes  of the SGS procedure  was 
half the NIVA samples volumes, which reduces the precision of  the SGS procedure.    This implies 
difficulties in concluding about the significance of the differences between  SGS  and  NIVA samples. 
 
Viable organisms after treatment in the ≥10-50µm group  
Three different analytical methods were applied for determination of viable cells after treatment. With 
the CFDA method, 110 viable cells/mL were observed in the SGS samples and 116 viable cells/mL in 
the NIVA samples. The numbers are very close, and indicate that the two sampling methods applied 
will give similar results regarding the ≥10-50µm organism group with the CFDA method. The CFDA 
method may overestimate the number of viable cells in UV treated water compared to the culture 
analysis methods. 
 
With the plate count method which is a culture method, growth was not observed in any of the SGS 
samples or the NIVA samples. The average number of colony forming units (CFU) was below the 
detection limit which is 10 cell/mL. The results from the second culture method (MPN method) 
confirm the results of the plate count method. A similar average of 0.2 viable cell/mL and 1.3 cell/mL 
was observed in the NIVA samples and SGS samples, respectively.  
 
Viable heterotrophic bacteria after treatment 
In the SGS samples and in the NIVA samples, 1400±730 CFU/mL and 530±40 CFU/mL were 
found, respectively. The sampling bottles used by SGS were not sterilized before sampling, which may 
have influenced the results. 
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There overall results indicate small, if any, differences in viable counts of all organism groups when 
comparing SGS samples with NIVA samples. It is not possible to conclude about the significance of 
the differences, taken into account the limited amount of data generated by testing the SGS sampling 
prototype during discharge of only one test cycle.  
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Appendix 1. Configuration of NIVA’s testing facility with location of the SGS prototype. 

 
Confidential document. Available on request.
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Figure 1. Sketch of sampling port with required positions of the holes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Sampling flange with sampling port disconnected 
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