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Influent (INF) Tank: Water storage tank with a capacity to retain 1000 L or more of LW or
HOC-LW to which test organisms can be added either directly or via a 2 L delivery container
which channels the organisms directly to a PVC intake hose. The water from the INF tank flows
into the BTS using a flexible PVVC hose with a 1 in. (2.5 cm) internal diameter.

Effluent (EFF) Tank: Water storage tank with a capacity to retain 1000 L or more of treated
water that flows from the BTS via a flexible PVC hose with a 1 in. (2.5 cm) internal diameter. If
required, the tank can also be used to collect wastewater for pre-treatment prior to release into
municipal sewer lines.

EQUIPMENT LIST

e Large volume influent (INF) tank (e.g., 1000 L).

e Large volume effluent (EFF) tank (e.g., 1000 L).

Prospective ballast treatment system (BTS).

Laboratory water (LW) or high organic content laboratory water (HOC-LW).
Test organisms.

2 L Organism delivery container.

20 pum Plankton net.

Sample collection containers (i.e., 1 L beakers).

PROCEDURE

Note: Methods development/verification is needed to ensure the BTS is functioning properly and
all equipment has been calibrated prior to starting the tests. In addition, INF and EFF flow rates
must be verified, as well as flow rates from any sample ports within the BTS. This can be
achieved by measuring the volume of water exiting the INF, EFF, and other sample ports over a
specific time period. The concentration of active substance in the INF (background), EFF, and
any sample ports within the BTS should also be measured to ensure that it is within the
acceptable range of the nominal concentration.

1. Conduct procedure in a vented work area, taking appropriate health and safety measures.

2. Fill INF tank with appropriate water type (i.e., LW or HOC-LW) to capacity (e.g.,
approximately 1000 L).

3. Ensure the water temperature of the INF tank is approximately 25 °C + 2 °C.
4. Plug in the BTS equipment (when applicable).

5. Prepare active substance/component of the BTS for testing. Note: The use of a BTS
preparation checklist is encouraged to ensure and document that the system has been
correctly prepared (see Appendix 1 for example checklist).

a. In the case of a BTS for which the active substance/component is not
automatically applied to the INF water via the system, manually add the active



10.

11.

12.
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substance/component directly to the INF tank in the appropriate concentration and
continue with step 8.

Close any/all sample port valves on the BTS and turn on the water pump to begin the
flow of water.

Adjust the flow rate of water entering the BTS according to developer specifications.

Turn on the BTS (when applicable) and begin application of the active
substance/component to water entering the BTS.

Equilibrate the BTS for an appropriate time period before collecting water chemistry
samples.

Collect water chemistry samples from INF and EFF sample ports (thoroughly rinse
sample containers before collecting sample). Water chemistry parameters to be measured
may include active substance concentration, total residual oxidants (see
GSI/SOP/BS/RAIC/2), organic carbon (see GSI/SOP/BS/RA/C/3), percent transmittance
at 254 nm (see GSI/SOP/BS/RA/C/4), temperature, conductivity, pH, dissolved oxygen,
hardness, and alkalinity. For dose effectiveness testing, these samples will serve as the
“Time Zero” samples. Note: Depending on the BTS being tested, water chemistry
samples may also be collected from additional sample ports.

Add test organisms to the INF tank in a manner appropriate for each organism being
exposed:

a. Add copepods (Eucyclops), cladocerans (D. magna), rotifers (B. calyciflorus), and
rotifer cysts (Brachionus calyciflorus) to the 2 L organism delivery container that
is suspended directly above the INF tank. The container has a valve that is used
to control the rate of organism delivery to the intake line leading to the BTS (see
Appendix 2).

b. Add green algae (S. capricornutum) and bacteria (E. coli, Entrococci,
heterotrophic bacteria) directly to the INF tank (see Appendix 3). Add a sufficient
volume of S. capricornutum inoculum to provide an initial cell density of
approximately 200,000 cells/mL (see GSI/SOP/BS/DE/5).

Collect test organisms from EFF water in a manner appropriate for each organism being
exposed:
a. Collect copepods (Eucyclops), cladocerans (D. magna), rotifers (B. calyciflorus),
and rotifer cysts (Brachionus calyciflorus) from EFF water by filtering through a
20 um plankton net. Rinse the test organisms into the bottom of the plankton net
using several rinses of the appropriate water type depending on whether the BTS
treats on intake (EFF) or treats on discharge (LW). Ensure the rinse water is
approximately the same temperature as the EFF water. Remove the cup and
transfer the organisms into a sorting container using several rinses.



b.
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i. Transfer organisms into LW or EFF water, depending on whether the
proposed BTS treats on discharge or on intake. If the BTS treats on
discharge, transfer organisms from the sorting container into LW. If the
BTS treats on intake, leave the organisms in the treated water for the entire
duration of the study (see Appendix 2).

Collect green algae (S. capricornutum) and bacteria (E. coli, Entrococci,
heterotrophic bacteria) in sample containers as whole water EFF samples.

i. If the BTS treats on discharge, neutralize the active substance/component
in the collected sample using an appropriate method after collection of
EFF water (if required). If the BTS treats on intake, leave the organisms
in the treated water for the entire duration of the study with no active
substance neutralization and follow the appropriate dose effectiveness
procedure listed in step 13 (see Appendix 3).

13. Begin the dose effectiveness study for the exposed test organism. The following dose-
effectiveness SOPs must be followed when conducting each study:

a.

b.

C.

GSI/SOP/BS/RA/DE/1: Bench-Scale Procedure for Assessing Dose Effectiveness
of a Ballast Water Treatment System Using a Copepod.
GSI/SOP/BS/RA/DE/2: Bench-Scale Procedure for Assessing Dose Effectiveness
of a Ballast Water Treatment System Using the Daphnid Daphnia magna.
GSI/SOP/BS/RA/DE/3: Bench-Scale Procedure for Assessing Dose Effectiveness
of a Ballast Water Treatment System Using the Freshwater Rotifer Branchionus
calyciflorus.
GSI/SOP/BS/RA/DE/4: Bench-Scale Procedure for Assessing Dose Effectiveness
of a Ballast Water Treatment System Using Cysts of the Freshwater Rotifer
Brachionus calyciflorus.
GSI/SOP/BS/RA/DE/5: Bench-Scale Procedure for Assessing Dose Effectiveness
of a Ballast Water Treatment System Using Selenastrum capricornutum.
GSI/SOP/BS/RA/MA/2: Procedure for Assessing Antimicrobial Activity using
Time-Kill Method.
i. GSI/SOP/BS/IRA/MA/1: Procedure for Quantifying Heterotrophic Plate
Counts using IDEXX’s SimPlate for HPC Method.
ii. GSI/SOP/BS/RA/MA/3: Procedure for the Detection and Enumeration of
Enterococcus using Enterolert™.
iii. GSI/SOP/BS/RA/MA/4: Procedure for the Detection and Enumeration of
E. coli using IDEXX’s Colilert™.

QUALITY ASSURANCE/QUALITY CONTROL

1. Conduct all quality assurance/quality control procedures according to GSI/QAPP/1 -
Quality Assurance Project Plan (QAPP) for Great Ships Initiative Bench-Scale and
Land-Based Biological Tests (2009). Analyze data to ensure that all applicable data
quality criteria are met.



Procedure No: GSI/SOP/BS/RA/DE/6
Issue Date: May 28, 2009
Page 6 of 14

2. Follow all procedures outlined in this SOP. Any deviations known ahead of time must
be approved by the GSI Lead Investigator for Bench-Scale Studies. Any deviations
made during the experiment must be recorded and also approved by the GSI Lead
Investigator for Bench-Scale Studies as soon as practicable.

3. Record data on data forms or in project-specific laboratory notebooks. Store data
forms in a three-ring binder, and also ensure hard copies are scanned and stored
electronically.

DATA STORAGE AND ARCHIVING

1. Store and archive data according to GSI/QAPP/1 - Quality Assurance Project Plan
(QAPP) for Great Ships Initiative Bench-Scale and Land-Based Biological Tests (2009).

2. Archive all hard- and electronic-copies of data and records generated for a period of five
years.

REFERENCES AND RELATED DOCUMENTS

GSI/QAPP/1 - Quality Assurance Project Plan (QAPP) for Great Ships Initiative Bench-Scale
and Land-Based Biological Tests (2009).

GSI/SOP/BS/RA/C/2: Procedure for Determining Total Residual Oxidants (TRO) in Water.
GSI/SOP/BS/RA/C/3: Procedures for Measuring Organic Carbon in Aqueous Samples.
GSI/SOP/BS/RA/C/4: Determination of Percent Transmittance (%T) at 254 nm in Water.

GSI/SOP/BS/RA/DE/1: Bench-Scale Procedure for Assessing Dose Effectiveness of a Ballast
Water Treatment System Using a Copepod.

GSI/SOP/BS/RA/DE/2: Bench-Scale Procedure for Assessing Dose Effectiveness of a Ballast
Water Treatment System Using the Daphnid Daphnia magna.

GSI/SOP/BS/RA/DE/3: Bench-Scale Procedure for Assessing Dose Effectiveness of a Ballast
Water Treatment System Using the Freshwater Rotifer Branchionus calyciflorus.

GSI/SOP/BS/RA/DE/4: Bench-Scale Procedure for Assessing Dose Effectiveness of a Ballast
Water Treatment System Using Cysts of the Freshwater Rotifer Brachionus calyciflorus.

GSI/SOP/BS/RA/DE/5: Bench-Scale Procedure for Assessing Dose Effectiveness of a Ballast
Water Treatment System Using Selenastrum capricornutum.

GSI/SOP/BS/RA/MA/2: Procedure for Assessing Antimicrobial Activity using Time-Kill
Method.
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GSI/SOP/BS/RA/MA/1: Procedure for Quantifying Heterotrophic Plate Counts using IDEXX’s
SimPlate for HPC Method.

GSI/SOP/BS/RA/MA/3: Procedure for the Detection and Enumeration of Enterococcus using
Enterolert™.

GSI/SOP/BS/RA/MAV/4: Procedure for the Detection and Enumeration of E. coli using IDEXX’s
Colilert™,

International Maritime Organization (IMO) (2005). Guidelines for Approval of Ballast Water
Management Systems (G8) Adopted by Resolution MEPC.125 (53). London, England.
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APPENDIX 1

EXAMPLE BALLAST WATER TREATMENT SYSTEM
PREPARATION CHECKLIST (2 pages)
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SAFETY PRECAUTIONS: The use of earplugs is recommended.

TEST ID:

RESEARCHERS:

DATE/TIME:

TEST SYSTEM EQUIPMENT CHECK LIST (Check the box when activity is completed):

[

Fill Influent (INF) Tank with appropriate water type to ~1000 L
INF TANK WATER TEMPERATURE (°C):

Plug in treatment system equipment

Ensure fan filters on generators (GEN) 1 and 2 are clean

Place Flow Meters 1 and 2 on appropriate lines (Diverted Ballast Water or Undiverted Ballast
Water line) to achieve diversion ratio needed for test:

NOTE: Diverted Ballast Water line delivers water for treatment. Undiverted Ballast Water line goes untreated

until recombination in EFF line.

DIVERSION RATIO (TREATED/UNTREATED WATER):

Prepare chlorine injection system:

[

O OO d

Fill syringe with diluted sodium hypochlorite solution (0.1% sodium hypochlorite)

Connect tubing to syringe and to chlorine injection valve

Ensure chlorine injection valve is closed

Place syringe onto syringe pump and secure in place

Turn on syringe pump and set flow rate to 1.89 ml/min to deliver 0.1 mg/L chlorine at a total
flow rate of 5.0 gallons per minute EFF

Priming the system/purging system of air:

J

]
J
J

Close all sample port valves (INF, EFF, PC, PS)

Turn on ballast pump

Open air bleed stopcock on top of sonication chamber

Close air bleed stopcock once the chamber has filled with water and air is purged

Setting the flow rate of the ballast water:

[]

Adjust Flow Meters 1 and 2 to the desired flow rate to deliver a flow rate of 5 gallons per
minute EFF

DIVERTED BALLAST WATER LINE (TREATED) FLOW RATE (GPM):

UNDIVERTED BALLAST WATER LINE (UNTREATED) FLOW RATE (GPM):
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Running the system for a test:
[1 Open chlorine injection valve
[J Turn on syringe pump and press RUN/STOP button to activate

[J Turn on the generators to begin sonication of the ultrasound chamber (GEN 1 and 2 output
lights should be on)

[0 Run system for a minimum of 5 minutes before beginning test

Temperature monitoring (monitor as needed):

AFTER CHLORINATION WATER TEMPERATURE (°C):

AFTER SONICATION WATER TEMPERATURE (°C):

EFF PORT WATER TEMPERATURE (°C):

COMMENTS:
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APPENDIX 2

DOSE-EFFECTIVENESS TEST PROCESS FLOW CHART:
Eucyclops spp., D. magna, and B. calyciflorus cysts and adults
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APPENDIX 3

DOSE-EFFECTIVENESS TEST PROCESS FLOW CHART:
E. coli, Enterococcus, and Heterotrophic Bacteria and S.
capricornutum
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