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Quality Assurance Project Plan (QAPP)
1. Purpose and Scope of Application
1.1 Purpose
A Quality Assurance Project Plan (QAPP) is a technical document created to perform land-based
and shipboard tests of Ballast Water Management System, a ballast water management system
(hereinafter referred to as BWMS), using appropriate quality management measures based on
international standards in accordance with the “test criteria before the execution of the Guidelines for
Approval of Ballast Water Management Systems (G8)” (announced by the Inspection and
Measurement Division, the Marine Bureau, the Ministry of Land, Infrastructure and Transport on
November 21, 2011). The Marine Biological Research Institute of Japan Co., Ltd (hereinafter
referred to as the company) has determined biological analysis methods in detail for evaluation of
the performance of BWMS.
The biological analysis methods described in the QAPP are in accordance with “biological
analysis methods for approval of ballast water management systems (second edition)” published by
the Ship Equipment Inspection Society of Japan in March, 2010.
1.2 Scope of application
The QAPP is applied to all the company’s land-based and shipboard tests of BWMS performed
based on the “test criteria before the execution of G8.”
1.3 Quality assurance and management
The quality of the shipboard tests is assured based on the QAPP. The quality management of the
land-based and shipboard tests is in accordance with the Quality Management Plan (QMP) described
in the first section of this paper.
Microorganism tests, including bacterial analysis, deal with organisms that are invisible to the
naked eye. Therefore, when samples are carelessly handled, contamination or infection may occur
and analytical results may be inaccurate. Of bacteria counted in the land-based and shipboard tests,
all indicator organisms corresponding to regulation D-2 of the International Convention for the
Control and Management of Ships’ Ballast Water and Sediments (hereinafter referred to as
regulation D-2) are classified as Biosafety Level 2 (BSL 2) pathogens. Therefore, all the land-based
and shipboard tests are performed following foreign and domestic biosafety guidelines and
regulations, such as Laboratory Biosafety Manual proposed by the World Health Organization and
Safety Management Regulations for Pathogens and Toxins proposed by the National Institute of
Infectious Diseases, Japan. Infection and contamination with pathogens may endanger not only
experimenters engaged in the shipboard tests but also other experimenters and neighboring societies,
so these types of infection and contamination must be avoided.
In the company and outsourcing organizations, microorganism tests are basically performed in
laboratories for microorganisms equipped with apparatuses and instruments necessary for handling
bacteria belonging to BSL 2. However, in the shipboard tests, since apparatuses and instruments are
limited, completely following biosafety guidelines for microorganism tests is sometimes difficult. In
that case, microorganism tests might be performed in a facility that does not completely agree with
requirements for BSL 2, on the assumption that microorganism tests are performed only by
technically skillful staff in an isolated room.
In the land-based and shipboard tests, the experimenters and assistants engaged, who have
sufficient acquired knowledge and skills for handling pathogens, pay adequate attention to safety
measures from inoculation to disposal of microorganisms. When a microorganism test is performed,
a person with a full understanding of the risk of pathogens and has been thoroughly trained in the
handling of pathogens, is responsible for the test. The responsible person gives appropriate advice to
a person who handles microorganisms (hereinafter referred to as handler). When the handler is not
familiar with pathogens, a certain period of education and training on pathogens is prepared for the
handler.
1.4 Definitions
The definitions of terms regarding biological analysis methods used in the QAPP are described
below. Terms that are not specifically defined in the QAPP use definitions from the Ballast Water
Management Convention and the Guidelines for Approval of Ballast Water Management Systems.
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(1) Viable organisms
In the Ballast Water Management Convention, viable organisms are defined as organisms
whose morphology, motility, and intracellular active state are confirmed to be normal, or
organisms whose reproduction and breeding are confirmed to be possible under optimum
growth conditions.
(2) Minimum dimension
In the Ballast Water Management Convention, the minimum dimension is defined as the
smallest size among the width, length, and thickness of an organism. For a colony-forming
organism, the minimum dimension is defined as the smallest size among the width, length,
and thickness of an individual or a cell that composes a colony.
(3) Bacteria
The definitions for Escherichia coli, intestinal enterococci, and toxicogenic Vibrio cholerae
(O1 and O139) regulated in D-2.2 of regulation D-2 and coliform, Enterococcus group, Vibrio
cholera, and heterotrophic bacteria regulated in Section 2.3.20 of G8 are described below.
These definitions were determined based on foreign and domestic test methods.
E. coli and coliform are detectable by an enzyme substrate method. Coliform is identified
using β–galactosidase activity as in index, and E. coli is identified using β-glucuronidase
activity as an index.
The Enterococcus group is defined as bacteria that deoxidize triphenyltetrazolium chloride
(TTC) on a medium that inhibits the growth of Gram-negative bacteria or possess β-Dglucosidase activity. Of the Enterococcus group, intestinal enterococci can grow at a sodium
chloride concentration of 6.5 % and 45 ± 0.5 ºC.
Some bacteria aerobically form colonies in an alkaline medium, which inhibits the growth
of Gram-positive bacteria. The use of sucrose or sulfur supports the growth of Vibrio cholera
in salt-free alkaline peptone water. Toxicogenic Vibrio cholera possesses O1 or O139 as an O
antigen. In the QAPP, the existence of cholera enterotoxin-positive organisms is not examined.
Heterotrophic bacteria are defined as bacteria that form colonies on a medium consisting of
salt water (artificial seawater), purified water, and organic nutrients at low concentrations,
following culture at 20−28 ºC for 5−7 days.
2. Sampling method
The sampling method in this chapter is for sampling during influent and drainage of the G8 testing.
Therefore, all sampling point must be on the ballast water drain line and must be carried out at the
upstream and downstream of the ballast water management system and at the drainage point. A
sample concentrator must be included in a sampling facility equipped with the isokinetic and
perform sampling and concentration of aquatic organisms simultaneously.
The procedure per sampling is shown below.
2.1 Preliminary drainage
Preliminary drainage for 10 minutes or more is performed after the ballast pump is in
operation, and subsequent sampling is performed after the flow rate stabilizes.
2.2 Organisms in an L-size group
2.2.1 Sampling of L-size group
As a sample for L size group from the sampling port of the facility, 1m3 equivalent of sea water is
concentrated with the following net. Prior to the sampling, the inside of the sample bottle is prewashed for three or more times with sampling target seawater. The sample is immediately
transported to the laboratory and preserved in a cool and dark place (15 °C) and analysis is started.
2.2.2 Concentration of sample
(1) Gently concentrate a sample using a plankton net with a mesh opening size of 35 μm and a
mesh opening diameter (diagonal length) of less than 50 μm. The sea water passing through
the plankton net is discharged to the outside of through the drain pipe.
(2) Enrichment is performed to facilitate observation of organisms in test water under a
microscope. Also, in order to avoid damage to the organisms, submerge the surface of the
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plankton net always underwater and make it as gentle as possible so as not to bubble.
(3) Immediately before the concentration operation is completed, collected particles of organisms
on the plankton net are washed with preliminarily prepared filtration seawater and stored in a
500 mℓ capacity bottle. When the density of the particles after concentration is increased by
the organisms after treatment, must be suitably diluted with filtered sea water so as not to
affect the physiological state of the living body, and it is accommodated in a bottle of 1 L
capacity or more.
(4) Measure the amount of sample as much as possible up to the unit of 10 mℓ and the amount of
concentrated sample as well as the unit of 1 mℓ.
(5) Transport the sample to the analysis room and immediately analyze L-size plankton.
2.3 Organisms in an S-size group
2.3.1 Sampling of S-size group
From the sampling port, organisms of S size group are sampled into a clean 1 L bottle. Before
sampling, wash in the bottle for three times or more with sampling seawater. The sample is
immediately transported to the laboratory in the cold-dark storage (15 °C) and analysis is started.
2.3.2 Concentration of sample
(1) 100 mℓ of the sea water sample is gradually concentrated to 10 mℓ or less using a plankton
net having an opening diameter (diagonal line length) of 5 μm.
(2) The concentration operation is performed to facilitate the observation of organisms in the test
water under a microscope. Also, to avoid damage to living organisms, make sure that the
surface of dirt and plankton net is always underwater and as gentle as possible to avoid
bubbles.
(3) Carefully rinse the particles on the mesh with the filtered sea water before ending the
concentration work.
(4) When the concentration of particles increases due to residual organism after treatment, dilute
appropriately with filtered seawater to avoid the influence on the activity of organism as much
as possible.
(5) The amount of specimen shall be measured in 10 mℓ unit as much as possible, in concentrated
specimen volume and 1 mℓ unit.
(6) Transfer the sample to the analysis room and immediately analyze S-size plankton.
2.4 Bacteria
Sample 500 mℓ of sea water sample for bacteria analysis into a sterilized bottle from the sampling
port of the sampling facility. The collected sample is immediately transported to the laboratory in the
cold-dark preserved (5 °C) and the culturing operation must be started within 6 hours.
2.5 Water quality
Sample for analysis of water quality (TSS, DOC, POC) from a sampling facility of a sampling
point into a clean 2 L bottle. Before sampling, wash the inside of the bottle for more than three times
with sampling target seawater collected. Samples taken shall be transported to the laboratory
promptly in a cool and dark preserved state (5 °C) and analyzed within 6 hours.
2.6 Instrument cleaning after sampling
After the sampling and concentration work is completed, wash all sampling equipment and
equipment with fresh water and dry it.
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3.

Analytical method

The analytical methods described below are basically completed within 6 hours after sampling in
order to minimize the effects of aquatic organisms and bacteria on the number of viable organisms as
much as possible. Judgmental standards for viable organisms described in Section 3.1.4 must also be
appropriately applied to these methods.
3.1 Organisms in an L-size group
3.1.1 Counting method
(1) A concentrated water sample is placed on a counting chamber for large zooplankton using a
pipette, and the water sample is observed using a stereoscopic microscope or a biological
microscope.
(2) The minimum dimension (refer to Section 1.4.(2) of an individual showing movement in the
water sample and a normal morphology and contents is measured using an ocular micrometer,
and the number of individuals with minimum dimensions more than 50 μm is counted. Tables
II.2.1.1-1 and -2 show that the minimum dimension differs according to the individual even it
may be the same species. The minimum dimension of some individuals extends to more than two
different size fractions. Therefore, the minimum dimension of a certain species cannot be
determined simply as that of its size fraction, so the minimum dimension of each individual is
measured. In addition, the genus and species names of an organism are recorded while counting.
(3) Observations are performed several times, so that the total amount of the observed water sample
exceeds 1 m3 of the original water sample before concentration.
3.1.2 Determination of the minimum dimension
(1) The minimum dimension indicates the smallest size among the width, length, and thickness of an
aquatic organism.
The width and thickness of an aquatic organism are determined by measuring the largest part
(refer to Figure II.2.1-1). If present, the antennae of zooplankton and the bristles of
phytoplankton are excluded from the measurement (refer to Figures II.2.1-2 and -3).
length
minimum dimension

Width

thickness

Figure II.2.1-1 Example showing the determination of the minimum dimension (dinoflagellate)
(a: ventral view, b: side view)

length
minimum dimension
width

thickness

Figure II.2.1-2 Example showing the determination of the minimum dimension (copepod)
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(a: front view, b: side view, c: head)
minimum dimension

thickness

Seta

length

width

Figure II.2.1-3 Example showing the determination of the minimum dimension (diatom)
(a: front view, b: side view)
3.1.3 Determination of the minimum dimension of an aquatic organism that forms a colony
(1) The minimum dimension of each cell or individual composing an aquatic organism that forms a
colony is determined as the minimum dimension of the aquatic organism (refer to Figures II.2.1-4,
-5, and -6).

1 cell

1 colony

Figure II.2.1-4 1 Relationship between a cell and a colony (diatom)

diameter

minimum dimension

1 colony

Figure II.2.1-5 Example-1 showing the determination of the minimum dimension of a colony
(diatom)
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minimum dimension

Figure II.2.1-6 Example-2 showing the determination of the minimum dimension of a colony
(diatom) (a: cell, b and c: colony)
3.1.4 Judgment standards for viable organisms
(1) Judgment standards for viable organisms include the change in morphology, the motility, and the
change in the intracellular activity due to a staining method. Staining methods are applied to
organisms whose viability cannot be judged based only on the change in morphology and the
motility. The QAPP adopts a staining method using neutral red (hereinafter referred to as NR)
(technical documents are added to Annex 4-1 and -2).
1) Change in morphology
When part of an organism is greatly damaged, that organism is judged as nonviable (refer to
Figure 2.1-7).
Normal
zooplankton

Corrupted
zooplankton

Normal
phytoplankton

Phytoplankton
pigment was missing

Figure II.2.1-7 Example of the change in morphology (top: copepod, bottom: diatom)
2) Motility
Motility is evaluated in organisms that are capable of swimming, and an individual that
shows no swimming motility is judged as nonviable.
3) Staining methods
Staining methods are applied to organisms whose viability cannot be judged from the
change in morphology and the motility.
a. Preparation of NR
NR is dissolved in distilled water to prepare a 1% (w/v) solution. The solution can be used
for several months if it is stored in a cool and dark place.
b. Staining method using NR
To 10 mℓ of a saltwater sample, 5 μℓ of the 1% solution is added (the final concentration of
6
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5 × 10-4% w/vol.) (Crippen and Perrier, 1974). After stirring, the saltwater sample is left to
stand for 20−30 minutes for staining. Cells with an excellent active state or small cells may be
stained within approximately 5 minutes. However, the time required for unequivocal staining
differs according to the active state or the type of a cell. If the staining time is too short, an
appropriate sample cannot be obtained. Therefore, the QAPP adopts 20−30 minutes as the
staining time.
c. Counting of living cells
A specific quantity or the whole quantity of the concentrated sample is placed on a slide
glass that has rules of 1 mm width. A biological microscope equipped with an eyepiece
micrometer is used to judge the living or dead state of an organism, which is either S- or Lsize plankton, by observing the stainability of its cells. Since cells stained with NR are not
discolored for at least 2−3 hours after staining, an organism with stained cells is judged as
viable while one with no stained cells is judged as nonviable, and the number of these living
or dead organisms is counted.
Related documents [Annex 1 and 2]
3.1.5 Fixation and preservation of a sample
(1) Upon completion of counting, a sample is fixed by adding a neutralized formaldehyde solution
(2% of the sample volume), prepared by adding borax to an undiluted formaldehyde solution, and
the sample is then slowly and sufficiently stirred.
(2) The fixed sample is stored in a cool and dark place.
3.2 Organisms in an S-size group
3.2.1 Counting method
(1) One mℓ of the concentrated water sample is placed in a ruled counting chamber (refer to Figure
II.2.2.1-1) using a pipette and observed with a biological microscope.

Figure II.2.2-1 Example of a plankton counting chamber
(2) The minimum dimension of an individual, that is moving in the water sample or that shows
normal morphology is measured using an ocular micrometer, and the number of individuals of
sizes between 10 and 50 μm is counted. At this time, even if individuals larger than 50 μm occur
in the sample, these need not be counted because the water samples are separately collected for
counting aquatic organisms larger than 50 μm (belonging to the L-size group).
(3) Observations are performed several times, so that the total amount of the observed water sample
exceeds 100 mℓ of the original water sample before concentration (when 1 L of the original water
sample is concentrated to 15−35 mℓ; i.e., 1 mℓ of the observed water sample is equivalent to
45−70 mℓ of the original water sample). In other words, observation of the concentrated water
sample three times is equivalent to observation of 135−210 mℓ of the original water sample.
(4) This observation using a plankton counting chamber and a biological microscope can be
performed using an objective lens with 20× magnification. When the objective lens magnification
is more than 20×, the objective lens touches the water surface of the counting chamber, thereby
preventing observation. When the size of the majority of phytoplankton is as small as
approximately 10 μm, observation with higher magnification is required. In that case, an inverted
microscope is used.
3.2.2 Determination of the minimum dimension
The determination of the minimum dimension is in accordance with Section 3.1.2.
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3.2.3 Determination of the minimum dimension of an aquatic organism that forms a colony
The determination of the minimum dimension is in accordance with Section 3.1.3.
3.2.4 Judgment standards for viable organisms
Judgment standards for viable organisms are in accordance with Section 3.1.4.
3.2.5 Fixation and preservation of a sample
Fixation and preservation of a sample is in accordance with Section 3.1.5.
Table II.2.1-1 Species where many individuals belong to the L-size group, and the maximum and
minimum values of the minimum dimension (unit: μm)
Species name
Dinophyta

Max

Noctiluca scintillans

Min.

150

2000

15
50
70
80

167
160
90
95

38
60
125

200
96
130

40
95
110

100
145
176

140

140

200

300

300
500

5000
1300

500

700

90
90
100

146
216
100

Tintinnida

Tintinnopsis spp.
Tintinnidium mucicola
Favella taraikaensis
Favella ehrenbergii
Ciliata

Vorticella sp.
Didinium balbianii
Didinium gargantua
Rotatoria

Keratella cruciformis
Synchaeta sp.
Brachionus plicatilis
Copepoda

Oithona davisae
Radiolaria

Sticholonche zanclea
Appendicularia

Oikopleura sp.
Oikopleura dioica
Cladocera

Podon polyphemoides
Sarcodina

Arcella discoides
Arcella sp.
Arcella vulgaris
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Table II.2.1-2 Species where many individuals belong to the S-size group, and the maximum and
minimum values of the minimum dimension (unit: μm)
Species name

Max

Min.

3
3
4
4
5
6
6
6
7
8
8
9
9
10
10
10
12
14
20
20
20

40
87
20
15
20
25
12
22
56
20
70
30
40
40
80
35
55
35
105
100
60

15
15
17
26
30

23
20
29
32
50

15
34

35
40

6

15

Diatoms

Chaetoceros compressum
Rhizosolenia setigera
Aulacoseira distans
Chaetoceros sociale
Aulacoseira granulata
Chaetoceros radicans
Leptocylindrus danicus
Skeletonema costatum
Cerataulina pelagica
Chaetoceros danicum
Rhizosolenia fragilissima
Chaetoceros affine
Chaetoceros debile
Chaetoceros didymum
Chaetoceros lorenzianum
Leptocylindrus mediterraneus
Detonula pumila
Chaetoceros constrictum
Actinoptychus senarius
Eucampia zodiacus
Thalassiosira rotula
Dinophyta

Prorocentrum minimum
Protoperidinium bipes
Heterocapsa triquetra
Gonyaulax verior
Ceratium furca
Chrysophyceae

Distephanus speculum
Ebria tripartita
Rhaphidophyceae

Heterosigma akashiwo
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Species name
Tintinnida
Eutintinnus spp.

Helicostomella longa
Stenosemella parvicollis
Stenosemella sp.
Helicostomella subulata
Tintinnopsis aperta
Tintinnopsis beroidea
Tintinnopsis corniger
Tintinnopsis radix
Salpingella sp.
Tintinnopsis kofoidi
Amphorella quadrilineata
Tintinnopsis directa
Tintinnopsis lohmanni

Max

Min.

18
17
19
19
20
25
25
28
30
30
35
40
40
40

53
18
25
47
24
25
40
33
43
50
38
46
47
62

23
30

30
35

28

50

30

60

Ciliata

Mesodinium rubrum
Tiarina fusus
Rotatoria

Trichocerca sp.
Sarcodina

Euglypha sp.
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3.3 Bacteria
3.3.1 Counting method for heterotrophic bacteria
(1) “Biological analysis methods for approval of ballast water management systems (second
edition)” published by the Ship Equipment Inspection Society of Japan in March, 2010
recommends a smear-plate method for the counting of heterotrophic bacteria. However, Special
Notation states that “if bacteria can be counted as the colony forming unit, pour-plate and spiralplate methods can be used depending on the situation of each laboratory.” Therefore, the QAPP
adopts a pour-plate method.
(2) Medium
When freshwater and saltwater are the main components, R2A agar medium (R2A Agar) and
Marine Agar 2216 (DSMZ35Medium604) are used, respectively. To detect heterotrophic bacteria,
two types agar media, whose main components are freshwater and saltwater, are used.
[R2A Agar]
Yeast Extract
0.5 g
Acid hydrolysate of casein
0.5 g
Glucose
0.5 g
Soluble starch
0.5 g
K2HPO4
0.3 g
Sodium pyruvate
0.3 g
Pancreatic digest of casein
0.25 g
Peptic digest of animal tissue
0.25 g
MgSO4, anhydrous
0.024 g
Agar
15.0 g
Purified water
1000 mℓ
This medium is used after performing high-pressure steam sterilization at pH 7.2 ± 0.2 and
121ºC ± 1ºC for 15 minutes.
[Marine Agar 2216]
Peptone
5.0 g
Yeast Extract
1.0 g
Ferric citrate
0.1 g
Agar
15.0 g
Seawater or artificial seawater
1000 mℓ
This medium is used after performing high-pressure steam sterilization at pH 7.6 ± 0.2 and
121ºC ± 1ºC for 15 minutes.
(3) Diluent
A phosphate buffer solution adjusted at pH 7.2−7.5 is recommended as a diluent. However, the
QAPP uses a sterilized water sample as a diluent. For a water sample collected in a brackish
water or saltwater region, the salinity of the diluent is adjusted with sodium chloride to equal that
of the water sample.
Phosphate buffer solution
KH2PO4
42.5 mg
MgCl2·6H2O
190 mg
Purified water
1000 mℓ
(a) Preparation of each ingredient
a-1. Phosphate solution
34 g of potassium dihydrogen phosphate is dissolved into 500 mℓ of distilled
water, and pH of the distilled water is adjusted to 7.2 ± 0.5 using a 1 mol/ℓ sodium
hydroxide solution.
a-2. Magnesium chloride solution
38 g of magnesium chloride hexahydrate is dissolved in 1000 mℓ of distilled
water.
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(b) Mixing of ingredients
1.25 mℓ of the phosphate solution and 5.0 mℓ of the magnesium chloride
solution are added to 1000 mℓ of distilled water. High-pressure steam sterilization
is performed for the distilled water at 121 ºC ± 1 ºC for 15 minutes.
(4) Culture
The water sample is diluted to several concentration levels and the water sample at each
concentration level is inoculated onto at least five agar plates (Figure II.2.3-1). The culture
temperature can be arbitrarily set in a range of 20 ºC–28 ºC according to the water temperature
when the water sample was collected, but the culture is performed within ± 0.5 ºC of the set
temperature. The culture period can be arbitrarily set in a range of 5–7 days. In addition, a series
of tests are performed under the same conditions.

Figure II.2.3-1 Performing the smear culture method
(5) Counting
After the culture, a plate on which 20−200 colonies have been formed (Figure II.2.3-2) is
selected, and the number of colonies is counted. The average number of colonies per plate and
the dilution level are used to calculate the number of bacteria per mℓ of the water sample.

Figure II.2.3-2 Example of a nonselective medium used for counting
3.3.2 Counting method for coliform and Escherichia coli
The numbers of coliforms and of E. coli can be counted on the same medium, so both numbers
can be counted simultaneously when the following method described is adopted.
(1) A membrane filter method is used for counting the numbers of coliform and E. coli.
(2) Medium
“Biological analysis methods for approval of ballast water management systems (second
edition)” published by the Ship Equipment Inspection Society of Japan in March, 2010
recommends MI medium as a medium for counting the numbers of coliform and E. coli. However,
these biological analysis methods describe that “although only one medium and solution are
recommended, media and solutions other than recommended ones can be used.” Therefore, the
QAPP adopts XM-G medium, which also allows simultaneous counting of the numbers of
coliform and E. coli, similar to MI medium.
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[XM-G medium]
Peptone
10.0 g
Sodium pyruvate
1.0 g
L-tryptophan
1.0 g
D-sorbitol
1.0 g
Sodium chloride
5.0 g
Sodium dihydrogen phosphate
2.2 g
Sodium monohydrogen phosphate
2.7 g
Potassium nitrate
1.0g
sodium lauryl sulfate
0.2 g
5-bromo-4-chloro-3-indolyl-β-D-glucuronide (X-GLUC)
0.1 g
5- bromo-6- chloro-3-indolyl-β-D-galactopyranoside (MAGENTA-GAL)
0.1 g
Agar
15.0 g
Purified water
1,000 m ℓ
Before use, high-pressure steam sterilization at pH 7.1 ± 0.2 and 121 ºC ± 1 ºC is performed
for 15 minutes.
(3) Diluent
A diluent is prepared in accordance with Section 3.3.1(3).
(4) Sterilization of a membrane filtration device
A membrane filter (the pore size of 0.2 μm and the diameter of 47 mm) is placed on a filter
holder, a funnel is fixed to the filter, and the filter is sterilized by high-pressure steam.
Alternatively, a commercially available, presterilized, and disposable device equipped with a
membrane filter is used.
(5) Culture
The membrane filter method (Figure II.2.3-3) consists of thoroughly mixing a water sample
and the diluent to prepare a test solution, which is then poured into the funnel for vacuum
filtration. The inner surface of the funnel is washed with the diluent and the diluent is also
filtered. The filter is quickly placed on the medium and cultured at 35 ºC−37 ºC for 20 ± 2
hours. The quantity of the test solution is adjusted so that 20−200 colonies are formed on the
filter. When no bacteria are detected on a filter, onto which 100 mℓ of the test solution has been
poured, the test solution is judged as not detectable (N.D.).

Figure II.2.3-3 Performing the membrane filter method
(6) Counting
Coliforms form red (pink−purplish red) colonies and E. coli forms blue (blue−bluish
violet) colonies. The number of these colonies is counted. The average number of colonies per
plate and the dilution level or the quantity of the filtered test solution are used to calculate the
number of bacteria per mℓ of the water sample.
12
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3.3.3 Counting method for bacteria in the Enterococcus group and intestinal Enterococci
(1) Counting of bacteria in the Enterococcus group
A membrane filter method similar to that described in Section 3.3.2(1) is used.
(2) Medium
M−Enterococcus Agar (m Azide Agar) is used.
[M−Enterococcus Agar]
Pancreatic digest of casein
15.0 g
Papaic digest of soybean meal
5.0 g
Yeast extract
5.0 g
KH2PO4
4.0 g
Glucose
2.0 g
NaN3
0.4 g
Triphenyltetrazolium chloride
0.1 g
Agar
10.0 g
Purified water
1000 mℓ
Before use, these ingredients are dissolved into purified water while heating at pH 7.2 ± 0.2.
(3) Diluent
A diluent is prepared in accordance with Section 3.3.1(3).
(4) Culture
The membrane filter method is used in accordance with Sections 3.3.2(4) and 3.3.2(5). The filter
is cultured at 37 ºC ± 2 ºC for 48 ± 3 hours.
(5) Counting
Bacteria that have formed pale pink to red colonies are defined as belonging to the Enterococcus
group and the number of these colonies is counted (Figure II.2.3-5). The average number of
colonies per plate and the dilution level or the quantity of the filtered test solution are used to
calculate the number of bacteria per mℓ of the water sample.
(6) Counting of intestinal enterococci
Each colony formed in the bacterial counting procedure in the Enterococcus group is statically
cultured in brain heart infusion broth with 6.5 % sodium chloride at 45 ºC ± 0.5 ºC for 48 hours.
For each water sample, bacteria are collected from colonies to be used for counting. When the
number of colonies is below 100, bacteria are collected from all the colonies. When the number
of colonies exceeds 100, bacteria are collected from 100 or more colonies. Bacteria detected in
this culture method are defined as intestinal enterococci, and the number of these bacteria is
counted (Figure II.2.3-6).
[Brain heart infusion broth]
Pancreatic digest of gelatin
14.5 g
Brain heart, solids from infusion
6.0 g
Peptic digest of animal tissue
6.0 g
NaCl
5.0 g
Na2HPO4
2.5 g
Purified water
1000 mℓ
This broth is used after performing high-pressure steam sterilization at pH 7.4 ± 0.2 and 121ºC ±
1ºC for 15 minutes.
3.3.4 Counting methods for Vibrio cholera and toxicogenic Vibrio cholera (O1 and O139)
The following counting methods described are used for water samples. The regulation D-2 also
regulates zooplankton samples. However, collection of 1 g of zooplankton requires a great deal of
labor, and this collection is presumed to be impossible in practice. Therefore, this paper does not
describe this.
(1) Counting of Vibrio cholera
A membrane filter method similar to that described in Section 3.3.2(1) is used.
1) Medium
Thiosulfate-citrate-bile salts-sucrose (TCBS) Agar is used.
13
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[TCBS Agar]
Peptone
10.0 g
Yeast extract
5.0 g
Sodium citrate
10.0 g
Na2S2O3
10.0 g
NaCl
10.0 g
Ferric citrate
1.0 g
Oxgall
5.0 g
Sodium cholate
3.0 g
Sucrose
10.0 g
0.2%Thymol Blue
20 mℓ
2%Bromothymol Blue
20 mℓ
Agar
15.0 g
Purified water
1000 mℓ
Before use, these ingredients are dissolved into purified water while heating at pH 8.6 ± 0.2.
2) Diluent
A diluent is prepared in accordance with Section 3.3.1(3).
3) Culture
The membrane filter method is used in accordance with Sections 3.3.2(4) and 3.3.2(5). The
filter is cultured at 36ºC ± 1ºC for 24 ± 2 hours.
4) Counting
Bacteria that form yellow colonies are defined as Vibrio cholera, and the number of
colonies is counted (Figure II.2.3-4). Subsequent steps are the same as those described in
Section 3.3.2(6).

Figure II.2.3-4 Detection of Vibrio cholera
(Yellow colonies are counted as Vibrio cholera)
(2) Counting of toxicogenic Vibrio cholera
1) Each colony detected during the counting of Vibrio cholera is statically cultured in salt-free
alkaline peptone water at 36 ºC ± 1 ºC for 6−18 hours. For each water sample, bacteria are
collected from colonies to be used for counting. When the number of colonies is below 100,
bacteria are collected from all the colonies. When the number of colonies exceeds 100,
bacteria are collected from 100 or more colonies. Since this enrichment culture method
inhibits the growth of marine bacteria belonging to the genus Vibrio, only the cultured
bacteria are used for counting. The salt-free alkaline peptone water after being cultured is
used as an antigen suspension (Figure II.4.3-5).
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[Salt-free alkaline peptone water]
Peptone
10.0 g
Purified water
1000 mℓ
This water is used after performing high-pressure steam sterilization at pH 8.6 ± 0.2 and 121 ºC
± 1 ºC for 15 minutes.

Figure II.4.3-5 Example of judgment of antigen suspension
(The red arrow indicates positive and the white arrow indicates negative)
2) Slide agglutination of toxicogenic Vibrio cholera O1 and O139 is performed using antiserum.
The antigen suspension obtained in Section 1), each antiserum, and a physiological saline
solution are mixed on a slide glass. When agglutination is clearly recognized by the naked eye,
the antigen suspension is judged as positive.
3.4 Water quality
The G8 regulates items used for observing water quality in order to understand environmental
parameters during tests.
In the land-based tests, temperature, pH, salinity, Dissolved Oxygen (DO), total suspended solids
(TSS), dissolved organic carbon (DOC), particulate organic carbon (POC), and Nominal Turbidity
Unit (ex. Nephelometric Turbidity Unit :NTU) are observed during the uptake, storage, treatment,
and discharge of ballast water to the storage tank.
In the shipboard tests, temperature, salinity, total suspended solids (TSS), and particulate organic
carbon (POC) are observed during the uptake, storage, treatment, and discharge of ballast water to
the ballast tank.
Water temperature, pH, DO, and NTU, are measured with a sensor measuring device.
Here, analytical methods for TSS, POC and DOC, which cannot be measured using any
instrument, are described below. This paper also describes a method to measure salinity.
3.4.1 TSS
1) A membrane filter with 0.4 μm particle-holding capacity is washed with distilled water at 60
ºC for one hour three times.
2) The washed filter is dried naturally, dried again at 60 ºC−70 ºC for approximately 2 hours, and
stored in a desiccator for several days. Subsequently, the weight of the filter is weighed using
a balance with a sensitivity of approximately 0.1 mg. The weighing is repeated several times
and a constant value is obtained.
3) A collected water sample is filtered as quick as possible (within 12 hours after the collection)
using the filter weighed in Step 2). Vacuum filtration can be used for this step. The filtration
quantity can be determined after examining the collection status of particles. In addition, the
filtration quantity is recorded.
4) Immediately after the filtration, the filter is removed from the filtration device and placed on a
glass filtration device that has a slightly larger size than the filtration device.
5) The filter placed on the glass filtration device is placed under vacuum while being sprayed 3−4
time with an ammonium carbonate solution (35 g of ammonium carbonate is dissolved into 1ℓ
of distilled water (3.5 % solution)) to wash out saltwater, etc. The same procedure is also
15
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performed for the filter used for the blank test.
6) The filter after Step 5) is preserved by folding it, placing it in a container, and storing it chilled
or frozen.
7) The filter is weighed after being dried in a drier at 60 ºC for 2 hours. The weighing is repeated
several times and a constant value is obtained.
8) TSS is obtained using the following equation:
TSS (mg/ℓ) = (W2−W1–B)/V
where W1 represents the weight of the filter before sample filtration (mg), W2 represents the
weight of the filter after sample filtration (mg), B represents the blank correction value, and V
represents the filtration quantity of saltwater (ℓ).
3.4.2 POC
1) Pretreatment is performed using a glass fiber filter (GF/F) with 0.7 μm particle-holding
capacity. Before the pretreatment, the filter is heated at 450ºC for several hours.
2) The filter (with suspended matter collected) is wrapped with aluminum foil as a sample used
for analyzing POC and preserved in a refrigerator at -20 ºC or lower.
3) The filter is analyzed after drying at 60 ºC for more than 4 hours in a drier.
4) The dried filter with suspended matter is placed in a carbon/hydrogen/nitrogen (CHN)
analyzer and combusted at high temperatures. The carbon dioxide concentration is measured
to obtain the carbon content.
5) A blank value is obtained based on the carbon content of a GF/F, which has been heated but
has not been used for filtration of a water sample, measured using a CHN analyzer to obtain a
constant value. This constant value is subtracted from the carbon content obtained in Step 4)
to obtain the quantity of POC.
6) When particulate inorganic carbon derived from foraminifera and coral may be contained in a
water sample, acid treatment is performed for the filter after the water sample has passed
through. After removing inorganic carbon, POC is measured.
3.4.3 DOC
1) Prepare by filtration. Filters used for filtration are added at 450 °C for several hours
GF/F with a particle holding capacity of 0.7 μm subjected to heat treatment is used.
2) The filtered filtrate is stored in a bottle and used as an analysis sample of DOC.
3) DOC is analyzed by combustion oxidation / infrared TOC analysis method.
3.4.4 Salinity
1) 200 mℓ of a water sample is contained in a 250 mℓ vessel.
2) The salinity of the water sample is analyzed using a high-precision salinity analyzer (Tsurumi
Seiki Co., Ltd.).
3) In addition, the high-precision salinity analyzer is calibrated using standard sea water with a
known salinity, and the value obtained in Step 2) is corrected.

16

MBRIJ ( KURITA BWMS )－QAPP

Annex 1 Example of sample list (Shipboard testing )
Sample Lists (No.1）
L size organisms（500ml Bottle）
Test cycles

Organisms
Size

Sample
Test
water

Sampling at

Collected
sample

beginning

①

12- 1 LG1①

middle

①

12- 1 LG1②

end

①

12- 1 LG1③

①

12- 1 LS1①

②

12- 1 LS1②

③

12- 1 LS1③

①

12- 1 LS2①

②

12- 1 LS2②

③

12- 1 LS2③

①

12- 1 LS3①

②

12- 1 LS3②

③

12- 1 LS3③

beginning

①

12- 1 LT1

middle

①

12- 1 LT2

end

①

12- 1 LT3

Sampling at

Collected
sample

Sample Bottle
Name

beginning

No.-

L
(50μm<)

Treated

middle

end

Control

Sample Bottle
Name

Remarks

S size organisms（1000ml Bottle）

Test cycles

Organisms
Size

Sample

beginning

Testwater

middle

end

beginning

No.-

S
(10～50μm)

Treated

middle

end

beginning

Control

middle

end
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①

12- 1 SG1①

②

12- 1 SG1②

③

12- 1 SG1③

①

12- 1 SG2①

②

12- 1 SG2②

③

12- 1 SG2③

①

12- 1 SG3①

②

12- 1 SG3②

③

12- 1 SG3③

①

12- 1 SS1①

②

12- 1 SS1②

③

12- 1 SS1③

①

12- 1 SS2①

②

12- 1 SS2②

③

12- 1 SS2③

①

12- 1 SS3①

②

12- 1 SS3②

③

12- 1 SS3③

①

12- 1 ST1①

②

12- 1 ST1②

③

12- 1 ST1③

①

12- 1 ST2①

②

12- 1 ST2②

③

12- 1 ST2③

①

12- 1 ST3①

②

12- 1 ST3②

③

12- 1 ST3③

Remarks
To adopt only one
sample
To adopt only one
sample
To adopt only one
sample

To adopt only one
sample
To adopt only one
sample
To adopt only one
sample
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Sample Lists (No.2）
Bacteria（500ml Bottle）

Test cycles

Organisms
Size

Sample
Test
water

Sampling at

Collected
sample

beginning

①

12- 1 G1

middle

①

12- 1 G2

end

①

12- 1 G3

①

12- 1 S1①

②

12- 1 S1②

③

12- 1 S1③

①

12- 1 S2①

②

12- 1 S2②

③

12- 1 S2③

①

12- 1 S3①

②

12- 1 S3②

beginning

No.-

-

Treated

middle

end

Sample Bottle
Name

③

12- 1 S3③

beginning

①

12- 1 T1

middle

①

12- 1 T2

end

①

12- 1 T3

Sample

Sampling at

Collected
sample

Test
water

middle

①

12- 1 G2

Treated

middle

①

12- 1 S2

Control

middle

①

12- 1 T2

Control

Remarks

Water quality（2000ml Bottle）

Test cycles

No.-

Organisms
Size

-
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Sample Bottle
Name

Remarks
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Annex 2 Field note for analysis (organisms in S- and L-size groups)
Test Name
Organisms groups

Data Sheet No.
Ｓ

Ｌ

Test day：
Y;

M;

Analysis day：
Y;
M;

Sample Name
Original Sample Voi.（mL)

D;
D;

:
:

～
～

:
:

Influent Discharge ；Test-water Treated

Analyst
Analysis section
(
Analyst name：

)

/
Examination
sing

Control ；Beginning Middle End ；① ② ③

【 Remarks 】

Concentration Sample Vol.（mL)
Separation Sample Vol.（mL)
Split Rate
Amount of sample before
concentration（mL)
species

Counts

Viable
Not survive
organisms organisms

Minimum dimension of viable organisms（μ ｍ）

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

19

Remarks（Colony etc.）
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Annex 3-1 Field note for analysis (microorganism: heterotrophic bacteria)
Heterotrophic bacteria

Data Sheet No.
Test day：
Y;

Test Name

D;

:

～

:

-

-

Incubation start day：
Y;
M;
D;

:

～

:

-

-

Colony count day：
Y;
M;
D;

:

～

:

Sample bottle
name

Sub sample
volum

Examination
sing

Control ；Beginning Middle End ；① ② ③

(Freshwater
medium)

(Marine water
medium)

(Freshwater
medium)

(Marine water
medium)

(Freshwater
medium)

(Marine water
medium)

Colony
numbers

Colony
numbers

CFU/ml

CFU/ml

Adopted value
(CFU/ml)

Adopted value
(CFU/ml)

(Marine)

(Freshwater)

(Marine)

(Marine water
(Freshwater)
medium)

)

Analyst name：

Influent Discharge ；Test-water Treated

(Freshwater
medium)

(ml)
10 -0

M;

/

Analyst
Analysis section
(

①
②
③
④
⑤

10 -1

①

Sub sample volum

②
③

10

1

10

-1

0.1
0.01

10

-2

⑤

10

-3

0.001

①

10 -4

0.0001

②

-5

0.00001

④

10 -2

mＬ

-0

10

③
④
⑤
10 -3

①

Blank test

②

(Freshwater
medium)

③

BL2：

④

BL3：
(Marine water
medium)

⑤
10 -4

BL1：

①

BL2：

②

BL3：

③
④
⑤
10 -5

BL1：

①
②
③
④
⑤

【Remarks】
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Annex 3-2 Field note for analysis (microorganism: Escherichia coli)

Coliform and Escherichia coli
Test day：
Y;

Test Name

M;

Data Sheet No.

D;

:

～

:

Analyst
Analysis section
(
)
Analyst name：

-

-

Incubation start day：
Y;
M;
D;

:

～

:

-

-

Colony count day：
Y;
M;
D;

:

～

:

Sample bottle name

Influent Discharge ；Test-water Treated

Filtrarion
Vol.

E. coli

Coliform

(ml)

Colony
numbers

Colony
numbers

Examination
sing

Control ；Beginning Middle End ；① ② ③

E. coli

Coliform

CFU/100ml

/

CFU/100ml

E. coli
average CFU/ml

10 2
10 1
10 -0
10 -1
10 -2

10 2

100

10 1

10

10 -0

1

10 -1

0.1

10 -2

0.01
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Coliform

E. coli

Coliform

average CFU/ml

Adopted value
(CFU/ml)

Adopted value
(CFU/ml)
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Annex 3-3 Field note for analysis (microorganisms: intestinal enterococci and Vibrio cholera)

Enterococcus group and intestinal Enterococci
Test day：
Y;

Test Name

M;

データシートNo.

D;

:

～

:

-

-

Incubation start day：
Y;
M;
D;

:

～

:

-

-

Colony count day：
Y;
M;
D;

:

～

:

Sample bottle name

Influent Discharge ；Test-water Treated

Colony numbers

Control ；Beginning Middle End ；① ② ③

intestinal Enterococci（confirm test）

average
(CFU/ml)

CFU/100ml

(ml)

Examination
sing

Analyst name：

Enterococcus group

Filtrarion
Vol.

/

Analyst
Analysis section
(
)

Adopted value
(CFU/ml)

Isolation colony
numbers

Re growth
colony numbers

average
(CFU/ml)

Adopted value
(CFU/ml)

10 2
10 1
10 -0
10 -1
10 -2

10 2

100

10 1

10

10

-0

1

10

-1

0.1

10

-2

0.01

Vibrio cholera and toxicogenic Vibrio choler a
Test day：
Y;

Test Name

M;

データシートNo.

D;

:

～

:

-

-

Incubation start day：
Y;
M;
D;

:

～

:

-

-

Colony count day：
Y;
M;
D;

:

～

:

Sample bottle name

Colony numbers

Influent Discharge ；Test-water Treated

CFU/100ml

/

Examination
sing

Analyst name：

Control ；Beginning Middle End ；① ② ③

Vibrio cholera

Filtrarion
Vol.

(ml)

Analyst
Analysis section
(
)

toxicogenic Vibrio cholera （confirm test）

average
(CFU/ml)

Adopted value
(CFU/ml)

Salt-free alkaline
performed using
peptone water
antiserum
（positive numbers） （positive numbers）

Isolation colony
numbers

10 2
10 1
10 -0
10 -1
10 -2

10 2

100

10 1

10

10

-0

1

10

-1

0.1

10

-2

0.01
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average
(CFU/ml)

Adopted value
(CFU/ml)
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Annex 4-1 Method using neutral red (technical document 1)
Source: Test criteria before the execution of the Guidelines for Approval of Ballast Water
Management Systems announced by the Inspection and Measurement Division, the Marine
Bureau, the Ministry of Land, Infrastructure and Transport on November 21, 2011, pp.
102−104.
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Annex 4-2 Method using neutral red (technical document 2)
Source: S. Sukizaki and D. Han (2006): Viability assay of phytoplankton cells – Possibility of
applying a vital staining method to phytoplankton living in natural seawater, 2006 Annual
Report of Marine Biology Research Institute of Japan, pp. 50−54.
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Annex 4-3 Method using neutral red (technical document 3, which was added in 2013)
Source: S. Sukizaki and K. Unno (2013): A technical method for viability of phytoplankton to be
applied for examining the performance of a ballast water management system. Bulletin of
Plankton Society of Japan 60(1), pp. 35−40.
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