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[Australia]

	
SUMMARY

	Executive summary:
	[bookmark: Execsum]This document presents a review of the current level of information related to disinfection by-products (DBPs) produced by BWMS; a timeline of the development of relevant type approval processes as well as the discussion of DBPs by the BWWG; a discussion of the DNV database of type approval documents; new DBP data collected by Australia and Canada; a high-level review of the current general knowledge of DBPs produced by BWMS; and highlights areas that may be deficient. This document is prepared in support of MEPC 84/4/X.

	Strategic direction, if applicable:
	[bookmark: StraDir]

	Output:
	[bookmark: PlanOut]

	Action to be taken:
	[bookmark: Action]45

	Related documents:
	[bookmark: Reldoc]MEPC84/INF.X (GTN); MEPC 84/4/X (Australia): MEPC83/WP.12; MEPC83/4/9; MEPC 83/INF.22; MEPC83/INF.28; MEPC82/WP.10; MEPC82/4/4; MEPC82/INF.40; MEPC81/INF.6; MEPC 78/4/1; MEPC78/4/2; MEPC76/INF.56; MEPC62/2/6; MEPC61/2/4; MEPC58/2; MEPC53/WP.9; MEPC.126(53); MEPC.125(53); MEPC.169(57); MEPC.174(58); MEPC.279(70); MEPC.290(71); MEPC.300 (72); MEPC.387(81); BWM.2/Circ.2; BWM.2/Circ.13/Rev.5; BWM.2/Circ.33; BWM.2/Circ.42; BWM.2/Circ.62; BWM.2/Circ.70




Background

1 Following the submissions to recent MEPC meetings, MEPC 83/WP.12 invited interested member States and international organizations to submit data and information on the formation and range of disinfection byproducts (DBPs) and other relevant chemicals from ballast water management systems (BWMS) that make use of Active Substances, including filter-less BWMS, to future sessions.

2 This document presents:
.1 A summary of the development of the type approval process for BWMS that make use of Active Substances
.2 A ‘timeline’ of the discussion of DBPs at MEPC
.3 A discussion on the Det Norske Veritas (DNV) database of DBPs in ballast water reported during the Type Approval process (MEPC 83/INF.28)
.4 Further data collected on the measurements of DBPs from ships discharging at Australian and Canadian ports
.5 A high-level review of the literature related to the production of DBPs and the Type Approval process
.6 A list of research, knowledge and data gaps and relevant inconsistencies in the Type Approval process.

1. Development of IMO Regulations related to DBPs

3 Regulation D-3.2 of the Annex to the Ballast Water Management Convention (BWM Convention) provides that ballast water management systems (BWMS) that make use of Active Substances or Preparations containing one or more Active Substances used to comply with the BWM Convention shall be approved by the Organization based on a Procedure developed by the Organization.

4 The Procedure for approval of BWMS that make use of Active Substances (G9) (the Procedure) was adopted on 22 July 2005 (MEPC.126(53)) and the updated Procedure was adopted on 4 April 2008 (MEPC.169(57)).
.1 The objective of the Procedure is to determine the acceptability of Active Substances and Preparations containing one or more Active Substances and their application in BWMS concerning ship safety, human health and the aquatic environment. 
.2 The procedure does not evaluate the efficacy of Active Substances. The efficacy of BWMS that make use of Active Substances is evaluated following the Guidelines for Approval of BWMS (G8) (MEPC.125(53)); this has subsequently been superseded by MEPC.174(58), MEPC.279(70) and MEPC.300(72) (the BWMS Code).

5 The approval process requires that BWMS using Active Substances be approved with a Basic Approval by the Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP) prior to testing according to the G8 guidelines or the BWMS Code and that a Final Approval by GESAMP should be obtained prior to the administration delivering a Type Approval for the BWMS (Figure 1). 

[image: ]
Figure 1. IMO procedure for obtaining BWMS Type Approval (from Summerson et al., 2019). Note: G8 has been superseded by the BWMS Code.

6 The GESAMP-Ballast Water Working Group (GESAMP-BWWG) was established (BWM.2/Circ.2) in 2005. The Terms of Reference outline that the Group will undertake scientific evaluation and review to provide recommendations for consideration by MEPC.

7 The Methodology for information gathering and conduct of work of the GESAMP-BWWG has been updated a number of times (BWM.2/Circ.13/Rev.5) since its initial adoption on 10 June 2008.
.1 GESAMP provides a database of chemicals most commonly associated with treated ballast water (see GISIS) – there are currently 44 chemicals listed. For these chemicals, GESAMP holds sufficient information from the literature on physicochemical, ecotoxicological and toxicological properties and no additional supporting information needs to be submitted by applicants with their submissions for Basic and/or Final Approvals. 
.2 Table 1 provides the list of common chemicals and the aquatic ecotoxicity information as provided on the database. 
.3 All information related to safety and environmental protection, including physical and chemical properties, environmental fate and toxicity, within the Type Approval documents is meant to be treated as non-confidential and available to interested parties. 
i. Many Type Approval documents refer to web pages and/or email addresses to be able to obtain this information – a large number of these no longer work.

8 Throughout the Type Approval process, applicants may be provided with feedback and/or questions from GESAMP related to the BWMS at both the Basic and Final Approval stage of the process. 
.1 Those received at the Basic Approval are dealt with in the Final Approval submission, generally with detailed point-by-point responses which are commented upon by GESAMP in the recommendations for Final Approval. 
.2 Those received at the Final Approval “should be addressed by the applicant to the satisfaction of the Administration prior to the Type Approval of this BWMS”. 

9 Guidance on scaling of BWMS was approved on 8 August 2011 (BWM.2/Circ.33) and updated in 2018 for inclusion into the BWMS Code. When scaling from systems that have received Basic and Final Approval, the manufacturer and the Administration should ensure that any conditions on Final Approval of the base unit are still met for the scaled system or systems.

10 The Guidance on ballast water sampling and analysis for trial use in accordance with the BWM Convention and Guidelines (G2) were approved on 24 May 2013 (BWM.2/Circ.42). These Guidelines only refer to sampling for compliance with either regulation D-1 or D-2.
.1 The Guidance does note that “the sampling and analysis procedures to be used for enforcement of the BWM Convention should result in no more stringent requirements that what is required for Type Approval of BWMS”.

11 The Guidance on contingency measures under the BWM Convention were approved on 26 July 2017 (BWM.2/Circ.62). A contingency measure is defined as a process undertaken on a case-by-case basis after a determination that ballast water to be discharged from a ship is not compliant, in order to allow ballast water to be managed such that it does not pose any unacceptable risks to the environment, human health, property and resources.
.1 The ship is required to do its best to correct malfunction of the BWMS as soon as possible and the port State, the flag State and the ship should work together to agree on the most appropriate solution to allow for discharge of ballast water found to be non-compliant.

12 The adoption of the BWMS Code on 13 April 2018 (MEPC.300(72)) brought the G8 Guidelines into a compulsory document for the process of type approvals.
.1 Within the BWMS Code, for the land-based test, the source of the test water shall be natural water; however, the water may require augmentation to achieve the minimum required content. The relevant properties of the augmented water needs to be equivalent to that of natural water that would quantitatively meet the challenge conditions. 
.2 The Type Approval Report for a BWMS that utilizes Active Substances to be submitted by the Administration to the Committee needs to contain:
i. The name of the Active Substance(s) or Preparation(s) employed
ii. Identification of the specific MEPC report and paragraph number granting Final Approval
iii. A discussion explaining the Administration’s assessment that the recommendations provided by the MEPC in the Final Approval were taken into account.

13 The Guidance for the commissioning testing of BWMS was approved on 1 November 2018 (BWM.2/Circ.70). The purpose of the commissioning test is to validate the installation of a BWMS by demonstrating that its mechanical physical, chemical and biological processes are working properly. Commissioning testing is not intended to validate the design of the type-approved BWMS.
.1 The applicable self-monitoring parameters (e.g. flow rate, TRO, UV intensity, etc) of the BWMS should also be assessed, taking into account the system design limitations (SDLs) of the BWMS, and the correct operation of all sensors and related equipment should be confirmed.
.2 The validation is successful if the analysis indicates that the discharge sample does not exceed the D-2 standard and the self-monitoring equipment indicates correct operation.

14 The Interim Guidance on the application of the BWM Convention to ships operating in challenging water conditions was adopted on 22 March 2024 (MEPC.387(81)). The guidance recognized that a properly installed, operated and maintained type-approved BWMS may effectively become temporarily inoperable in the various CWQ conditions that exist in a number of global ports and locations which can lead to the bypassing of a BWMS.
.1 Bypassing of a BWMS may contaminate a ballast tank with viable organisms and increased sediment load. The guidance provides steps to decontaminate the affected ballast tanks, ensuring subsequent ballast water discharges meet the D-2 standard[footnoteRef:1]. [1:  The Republic of Korea will submit a paper to MEPC84 related to the conversion of the Interim Guidance to Standard Guidelines, with suggestions of modifications to the steps involved.] 





2. Timeline of the Discussion of DBPs at MEPC

15 MEPC 76/INF.56 (Australia) provided the results of a compliance monitoring program for vessels sampled between January 2019 and September 2020. In addition to the tests performed against the D-2 standard, additional analyses for chemical products (including DBPs as Total Haloacetic Acids and Total Trihalomethanes) were undertaken.
.1 A total of 18 samples across 13 ships were analyzed. Four of these ships were not D-2 compliant. 
.2 Comparison of analysis of TRO via the in-line TRO meter and an external hand-held TRO meter showed that a number of the in-line TRO meters were not accurate. A discussion point related to the impact of this on the dosage of the neutralizing agent into the discharge water was raised. 
.3 There was no discussion on the results of the DBP measurements.

16 MEPC 78/4/1 (Secretariat) provided a report on the Experience Building Phase (EBP; see MEPC.290(71)) by the World Maritime University. This report incorporated the data presented in MEPC 76/INF.56. The report found that approximately two-thirds of BWMS using Active Substances met the maximum allowable discharge concentration (MADC) requirement for residual oxidants during compliance testing. Administrations reported that 27% of discharges exceeded the MADC while testing organizations reported that 34% of discharges exceeded the MADC. However, for testing organizations reporting the results of commissioning tests, only 8% of discharges exceeded the MADC. Possible cause(s) of TRO failures were not provided by Administrations. No discussion on DBPs was included.

17 MEPC 81/INF.6 (Australia) provided the results of a compliance monitoring program across 2021 – 2023 in support of the EBP.
.1 A total of 39 samples were collected from a BWMS that used Active Substances.
.2 Compliance with MADC for TRO was much improved, with only two samples not in compliance; a further two exceeded the MADC at the commencement of sampling but were able to rectify the issue.
.3 This paper provided measurements of total Trihalomethanes (THMs) and Total Haloacetic Acids (HAAs), noting that MADCs do not exist for these, but that “the range of concentrations recorded across the various BWMS were significantly higher than as reported in the relevant type approval documents”.

18 MEPC 82/4/4 (Denmark) submitted a proposal for the monitoring of DBPs in BWMS using Active Substances, citing the results of MEPC 81/INF.6 and the recent reassessment of Final Approvals of BWMS using Active Substances which had removed filters. The risk assessments for these systems showed the predicted environmental concentration (PEC) in some cases to exceed the predicted no-effect concentration (PNEC).
.1 Removal of filters may have unintended consequences (as reported in MEPC 78/4/2 – Ninth Stocktaking Workshop on the activity of the GESAMP-Ballast Water Working Group) including increased formation of DBPs, increased sedimentation inside ballast tanks, and impacts on the ability of the electrolyzer to produce and maintain the concentration of the Active Substance.
.2 Comparison of the modelling of environmental concentrations of DBPs between the original version with filter and the new filter-less version showed increased concentrations between 3 and 299 times higher for the filter-less version. This has immediate impacts on the total load of DBP concentration released to the environment during ballast water discharge.

19 MEPC 82/INF.40 (Australia) provided the results of a compliance monitoring program between March and May 2024.
.1 Twenty of the 22 ballast water samples were collected from a BWMS that used Active Substances. 
.2 Three samples were not in compliance with the TRO; a further three ships exceeded the MADC at the commencement of sampling but were able to rectify the issue. Issues with the inaccuracy of the inline TRO meter were highlighted.
.3 A range of measurements for the DBPs were reported, again highlighting that many of the reported concentrations were above the levels reported in the relevant type approval documents.
.4 The paper called for an audit of DBP concentrations for comparison against the type approval concentrations with the potential development of MADCs to be considered.

20 MEPC 82/WP.10 determined that the situation around DBPs was not mature enough for consideration within the BWM Convention Review but that interested member states and international organizations were invited to submit concrete proposals on the consideration and reporting of DBPs, including sampling and analysis.

21 MEPC 83/4/9 (Australia and Denmark) provided suggestions towards a revised standard for ballast water compliance monitoring that aimed at providing information on DBPs discharged from BWMS operating in real-world situations.
.1 The paper acknowledged that environmental toxicity data across the many DBPs produced is relatively scarce.
.2 The paper suggested that measurement of groups of DBPs could serve as indicators of concentrations of a wide range of related DBPs.
.3 The paper noted that the difference in DBPs measurements between Type Approval and real-world situations was likely to be due to the difference in organic load between type approval test water and real-world water quality.
.4 The paper proposed that the Committee consider:
i. Gathering information on the formation of DBPs, the available monitoring data, ongoing projects and the state of relevant scientific knowledge
ii. The range of DBPs and other chemicals considered relevant, including possible sum parameters, that may be most relevant to reduce the discharge of DBPs
iii. The issues regarding filter-less BWMS versions
iv. The potential requirement for sampling and analysis during intermediate and renewal surveys for DBPs to facilitate understanding of the prevalence and magnitude of the issue in a broader geographic range

22 MEPC 83/INF.22 (Australia) presented an in-depth comparison of DBPs measured in discharged treated ballast water against the relevant type approval documentation for 6 BWMS manufacturers. 
.1 BWMS manufacturers were de-identified in the paper.
.2 It was noted that levels of a number of DBPs were consistently reported at elevated concentrations.
.3 It was noted that in Type Approval documentation the DBPs are reported inconsistently, with information on total THMs and HAAs not presented in many.

23 MEPC 83/INF.28 (Norway) provided a public access database with the data collected from Final Approval applications up to and including MEPC 82.
.1 The paper noted that across all the applications that had been submitted, the data provided in MEPC 81/INF.6 and MEPC 82/INF.40 were within the total range of all BWMS approvals.

24 MEPC 83/WP.12 invited interested member States and international organizations to submit data and information on the formation and range of DBPs and other relevant chemicals from ballast water management systems (BWMS) that make use of Active Substances, including filter-less BWMS, to future sessions.

3. Comparison of DBP data with the DNV Database

25 The sponsors of this document thank Norway and DNV for the production of the publicly accessible database presenting MEPC DBP data from 2008-2023 (MEPC 83/INF.28). This is an invaluable source of information. The sponsors encourage DNV to maintain the database and add additional data as it becomes available.

26 The information presented in the database does, however, require clarification. The description of the database states that the data presented are the “highest measured concentration of each DBP concentrations … (worst case scenario)”.
.1 Examination of the data presented highlights inconsistencies in the data that is presented which reduces the usefulness of the database as a comparative tool. For example, the DNV database reported:
i. the PNEC calculation results according to the ballast water toxicity endpoints (calculated using average concentrations; in MEPC 58/2) but the maximum concentration of chemicals detected in treated water at discharge (in MEPC 61/2/4) 
ii. results from different source waters – i.e., freshwater, brackish and/or marine.
iii. Results from treated water held for different lengths of time – i.e., 1 day versus 5 days
iv. Results from the Basic Approval testing (in MEPC 62/2/6) versus results from Final Approval.

27 Environmental factors, including salinity, are known to have diverse influences on formation of DBPs (see section 5). The sponsors would recommend the presentation of the data within the database with information across all salinities to improve the usability of the database as a comparative tool against measured discharge values.

28 The sponsors recommend that levels of production of DBPs by a BWMS model can only be compared against the Type Approval documentation for that specific model and in the same range of salinity (e.g. freshwater, brackish, marine). 

4. Australian and Canadian DBP measurements

29 Between April and June 2025, ballast water intended for discharge was sampled from 30 bulk carriers in the Australian ports of Fremantle, Kwinana, Bunbury, Geraldton and Port Hedland (to be referred to as ‘Australian ships’). All ships were attended with no prior notification. In September 2025 ballast water intended for discharge was sampled from three ships in a Canadian Arctic port in the Territory of Nunavut (to be referred to as ‘Canadian ships’).

30 Twenty-six of the 30 Australian and all Canadian ships had an installed BWMS that utilized active substances. Seven different BWMS manufacturers were represented; the Canadian ships were installed with two of the seven BWMS manufacturers installed on the Australian ships. All sampled BWMS had a filter. 

31 A total of 29 samples were collected from the 26 Australian ships with a BWMS that utilized active substances. Seven (26.9%) samples exceeded the MADC measured as TRO using a calibrated Hach handheld analyzer, with measurements from 0.02 to 0.6 (average 0.14) mg/L. Exceedance for TRO for the 2025 Australian samples is greater than reported in MEPC 82/INF.40, MEPC 81/INF.6, MEPC 78/4/1. MEPC 76/INF.56.

32 One of the Canadian samples exceeded the MADC for TRO using a YSI Chlorine 900 colorimeter, with a reading of 0.8 mg/L; the remaining samples were both compliant with the MADC (0.07 and 0.08 mg/L, respectively).

33 Measurements of individual DBPs (as described in MEPC 83/INF.22) and total THMs and HAAs are shown in Table 2.

5. Review of the literature associated with DBPs

34 Annex A contains a review of relevant literature, highlighting the processes involved in the production of DBPs by BWMS and the operational, real-world challenges that impact the production of DBPs.

6. Knowledge, research and process gaps and inconsistencies

35 Relation of the Procedure to the BWMS Code:
.1 The Procedure only refers to the Guidelines (G8) (para 4.2 of this document) without footnote to ‘as may be amended’ (see para 1.4, Annex, MEPC.169(57)).
.2 Toxicity testing of the treated ballast water is undertaken as part of the land-based testing in the Type Approval process (see Figure 1). The BWMS Code stipulates that the test water shall be natural water which may be augmented to achieve the minimum required content (para 12.1 of this document). Studies (see, for example, Delacroix et al., 2013 and Lee et al., 2017) have shown that the commonly used augmenters, methylcellulose and lignin, have differing impacts on the production of DBPs. A review of the available compounds that can be added to test water may need to be undertaken.
.3 At present, the only time all BWMS undergo toxicity testing is during the land-based test within the Type Approval process (see Figure 1). Otherwise, BWMS may be tested for DBPs in discharging treated ballast water only if it is included within a port State compliance test (for example, MEPC 83/INF.22) or tested under the US Vessel General Permit (VGP) (see MEPC 84/INF.X – GTN).
.4 All non-confidential information is meant to be available (para 7.3 of this document) but many provided contact details are no longer valid.

36 List of DBPs:
.1 The GISIS database lists 44 relevant chemicals associated with ballast water (para 7 of this document).
.2 Many of the listed chemicals do not have complete ecotoxicity data available and most of the literature used to provide that data is potentially out-of-date (most reports published pre-2000) with few studies published after the development of BWMS technology (see Table 1).
.3 The full range of DBPs that can be formed by BWMS is unknown. This is due to the range of available, and still-to-emerge, technologies utilized by BWMS as well as the impact of the chemical and biological properties of the uptake water in the real-world.
.4 The production of DBPs by BWMS that utilize UV treatment is not well documented. Since the requirement for these BWMS to follow the Procedure was made voluntary (para 5, Annex A of this document), few Type Approvals have been submitted.

37 Responses to Final Approval recommendations by GESAMP are dealt with at the submission of the Type Approval documentation to MEPC by the Administration. Few Type Approval documents specifically state how individual recommendations have been considered and/or rectified.

38 There are no guidelines available within the BWM Convention related to the standardized methodology for the collection of discharging treated ballast water for analysis of chemicals, including the measurement of the MADC for TRO (para 10 of this document).

39 The impact of BWMS malfunction/s and subsequent contingency measures on the production of DBPs has not been discussed (para 11 of this document).

40 There is no testing of the release of relevant chemicals, including DBPs, during the commissioning test of the BWMS (para 13 of this document). The inclusion of this test would, at a minimum, document the production of DBPs in a ‘real-world’ scenario and provide baseline information for any future testing.

41 The impact of bypassing of BWMS in CWQ and subsequent decontamination measures on the production of DBPs has not been discussed (para 14 of this document).

42 The DNV database will be an invaluable support tool for port State and the shipping industry (para 25 of this document). DNV is urged to continue to maintain, and update, the database. However, the data in the database requires review. The sponsors reiterate that levels of production of DBPs by a BWMS model can only be compared against the Type Approval documentation for that specific model and in the same range of salinity (e.g. freshwater, brackish, marine). 

43 Although the number of samples of DBPs measured from ships in Canada was low, the fact that the same BWMS manufacturers were represented and the similarity of the values measured to the samples collected in Australia highlights the consistency of the discharges across different environments.

44 GESAMP utilizes the MAMPEC modelling within the Procedure (para 10, Annex A of this document). At the time of development of the GESAMP-BWWG methodology, few BWMS existed. Validation of the MAMPEC modelling against the currently available real-world data for discharging treated ballast water should be undertaken to ensure that it is still fit-for-purpose.

Action requested of the Committee

45 The Committee is invited to take into account the information provided in this document, in particular paragraphs 35-44 in consideration of the proposals contained within document MEPC 84/4/X.    
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Table 1. Current level of information related to Ecotoxicity of the 44 chemicals in the GISIS: Ballast Water Chemicals database. For each chemical, the ‘end point’ criteria is listed and the calculated PNECNS (µg/L) for is also provided. Abbreviation of chemical name in parentheses are those listed in Table 2. Dashes denote values where no data were available.
	
	
	
	Acute ecotoxicity
	Chronic ecotoxicity
	

	Chemical
	CAS
	Chemical Group
	Fish
	Crustacea
	Algae
	Mollusc
	Fish
	Crustacea
	Algae
	PNECNS

	Acetaldehyde
	75-07-0
	Aldehyde
	LC50
	EC50
	EC50
	-
	-
	-
	NOEC
	2.2E+1

	Bromate ion
	15541-45-4
	Inorganic
	LC50
	LC50
	EC50
	EC50
	NOEC
	-
	-
	1.4E+3

	Bromochloroacetic acid (BCAA)
	5589-96-8
	Haloacetic acid
	LC50
	EC50
	EC50
	-
	-
	NOEC
	-
	1.6E+1

	Bromochloroacetonitrile
	83463-62-1
	Haloaceotnitrile
	LC50
	LC50
	LC50
	-
	-
	-
	-
	6.9E+0

	Chloral hydrate
	302-17-0
	Aldehyde hydrate
	LC50
	LC50
	EC3
	-
	NOEC
	NOEC
	EC3
	9.7E+2

	Chlorate ion
	14866-68-3
	Inorganic
	LC50
	LC50
	EC50
	-
	NOEC
	NOEC
	LOEC
	4.8E+3

	Chloropicrin
	76-06-2
	Halonitroalkane
	LC50
	EC50
	EC50
	-
	NOEC
	-
	-
	2.5E-2

	Dalapon
	75-99-0
	Halopropionic acid
	LC50
	LC50
	NOEC
	-
	-
	-
	NOEC
	1.1E+2

	Dibromoacetic acid (DBAA)
	631-64-1
	Haloacetic acid
	LC50
	LC50
	NOEC
	-
	NOEC
	NOEC
	NOEC
	6.9E+3

	Dibromoacetonitrile
	3252-43-5
	Haloaceotnitrile
	LC50
	-
	-
	-
	-
	-
	-
	5.5E-1

	Dibromochloroacetic acid (CDBAA)
	5278-95-5
	Haloacetic acid
	LC50
	LC50
	NOEC
	-
	NOEC
	NOEC
	NOEC
	3.0E+2

	Dibromochloromethane (DBCM)
	124-48-1
	Halomethane
	LC50
	EC50
	EC50
	-
	NOEC
	NOEC
	NOEC
	2.7E+2

	1,2-Dibromo-3-chloropropane
	96-12-8
	Halopropane
	LC50
	EC50
	EC50
	-
	NOEC
	NOEC
	NOEC
	1.5E+2

	1,1-Dibromomethane
	557-91-5
	Haloethane
	LC50
	LC50
	IGC50
	-
	-
	-
	-
	2.4E+2

	Dibromomethane
	74-95-3
	Halomethane
	LC50
	LC50
	EC50
	-
	-
	-
	EC50
	4.5E+2

	Dichloroacetic acid (DCAA)
	71133-14-7
	Haloacetic acid
	LC50
	LC50
	NOEC
	-
	-
	-
	EC50
	2.3E+2

	Dichloroacetonitrile
	3018-12-0
	Haloaceotnitrile
	LC50
	LC50
	IC50
	-
	-
	-
	-
	2.4E+2

	Dichlorobromoacetic acid (BDCAA)
	71133-14-7
	Haloacetic acid
	LC50
	LC50
	NOEC
	-
	NOEC
	-
	NOEC
	1.0E+2

	Dichlorobromomethane (BDCM)
	75-27-4
	Halomethane
	LC50
	EC50
	EC50
	-
	NOEC
	NOEC
	NOEC
	7.8E+1

	1,1-Dichloroethane
	75-34-3
	Haloethane
	LC50
	EC50
	LC50
	-
	NOEC
	NOEC
	NOEC
	3.4E+1

	1,2-Dichloroethane
	107-06-2
	Haloethane
	LC50
	EC50
	EC50
	-
	NOEC
	NOEC
	-
	3.6E+2

	Dichloromethane
	75-09-2
	Halomethane
	LC50
	LC50
	EC50
	-
	NOEC
	NOEC
	-
	2.7E+2

	1,2-Dichloropropane
	78-87-5
	Halopropane
	LC50
	EC50
	EC50
	-
	NOEC
	NOEC
	NOEC
	1.5E+2

	Formaldehyde
	50-00-0
	Aldehyde
	LC50
	LC50
	EC50
	-
	-
	-
	NOEC
	3.1E+1

	Isocyanuric acid
	108-80-5
	Inorganic
	LC50
	EC50
	EC50
	-
	-
	NOEC
	NOEC
	6.2E+2

	Monobromoacetic acid (MBAA)
	79-08-3
	Haloacetic acid
	LC50
	EC0
	EC50
	-
	-
	NOEC
	-
	1.6E+1

	Monobromoacetontrile
	590-17-0
	Haloacetonitrile
	LC50
	LC50
	LC50
	-
	-
	-
	-
	2.3E+2

	Monochloramine
	10599-90-3
	Haloamine
	LC50
	EC50
	EC50
	-
	EC10
	EC10
	EC10
	6.4E+0

	Monochloroacetic acid (MCAA)
	79-11-8
	Haloacetic acid
	LC50
	EC50
	EC50
	-
	NOEC
	NOEC
	NOEC
	5.8E-1

	Monochloroacetonitrile
	107-14-2
	Haloacetonitrile
	LC50
	-
	-
	-
	-
	-
	-
	1.6E+0

	Sodium hypochlorite
	7681-52-9
	Inorganic
	LC50
	LC50
	EC50
	LC50
	NOEC
	NOEC
	NOEC
	2.1E-1

	Sodium sulphite
	7757-83-7
	Inorganic
	LC50
	LC50
	EC50
	-
	-
	NOEC
	NOEC
	2.6E+2

	Sodium thiosulphate
	7772-98-7
	Inorganic
	LC50
	LC50
	NOEC
	-
	-
	-
	-
	8.1E+2

	Tetrachloromethane
	56-23-5
	Halomethane
	LC50
	EC50
	EC50
	-
	-
	NOEC
	NOEC
	7.6E+1

	Tribromoacetic acid (TBAA)
	75-96-7
	Haloacetic acid
	LC50
	LC50
	EC50
	-
	NOEC
	NOEC
	NOEC
	2.2E+4

	Tribromomethane (TBM)
	75-25-2
	Halomethane
	NOEC
	LC50
	EC50
	-
	NOEC
	-
	NOEC
	9.6E+1

	2,4,6-Tribromophenol
	118-79-6
	Halophenol
	LC50
	LC50
	EC50
	-
	-
	NOEC
	NOEC
	2.6E+0

	Trichloroacetic acid (TCAA)
	76-03-9
	Haloacetic acid
	LC50
	LC50
	NOEC
	-
	NOEC
	NOEC
	NOEC
	3.0E+2

	Trichloroacetonitrile
	545-06-2
	Haloacetonitrile
	LC50
	LC50
	LC50
	-
	-
	-
	-
	6.0E+1

	1,1,1-Trichloroethane
	71-55-6
	Haloethane
	LC50
	EC50
	EC50
	-
	NOEC
	NOEC
	NOEC
	1.3E+2

	1,1,2-Trichloroethane
	79-00-5
	Haloethane
	LC50
	EC50
	EC50
	LC50
	NOEC
	NOEC
	-
	1.8E+3

	Trichloroethene
	79-01-6
	Haloethene
	LC50
	EC50
	EC50
	-
	LC0
	NOEC
	NOEC
	2.2E+2

	Trichloromethane (TCM)
	67-66-3
	Halomethane
	LC50
	EC50
	EC10
	NOEC
	NOEC
	NOEC
	EC10
	1.5E+2

	1,2,3-Trichloropropane
	96-18-4
	Halopropane
	LC50
	EC50
	EC50
	-
	NOEC
	LC50
	-
	2.7E+1



Notes:
· LC50 is lethal concentration, 50%
· EC50 is effect concentration, 50% (median effective concentration)
· NOEC is no observed effect concentration
· PNEC is predicted no effect concentration
· Short term acute toxicity LC50/EC50 data should be presented for freshwater or marine representatives of three taxa (alga, crustacean and fish) representing different trophic levels.
· Long term NOEC or EC10 data should be presented for three freshwater or marine species (normally algae and/or crustaceans and/or fish).
· Additional taxa can be included.
· PNECNS is used for short-term exposure


Table 2. Measurements of Disinfection By-Products from vessels discharging treated ballast water in Australian and Canadian ports in 2025. Ships with an ‘E’ number are the Canadian samples. BWMS # matches the BWMS # provided in MEPC 83/INF.22; Ship 114 had a different BWMS installed. Dashes denote where no data were available. THM, measurement of Total Trihalomethanes; HAA, measurement of Total Haloacetic Acids.
	Ship #
	101
	113
	118
	124
	E98
	96
	98
	98
	110
	117
	121
	E99
	E100
	102

	BWMS #
	BWMS #5
	BWMS #2
	BWMS #3
	
	
	
	
	
	
	
	
	
	
	BWMS #3

	TRO mg/L
	0.02
	0.04
	0
	0
	0.8
	0.032
	0
	0.3
	0
	0.03
	0
	0.07
	0.08
	0

	THM mg/L
	<2
	4
	330
	340
	145
	<2
	280
	780
	310
	<2
	420
	140
	118
	430

	TCM µg/L
	<1
	<1
	<1
	<1
	
	<1
	<1
	<1
	2
	<1
	<1
	
	
	1

	BDCM µg/L
	<1
	<1
	<1
	<1
	
	<1
	<1
	<1
	<1
	<1
	6
	
	
	<1

	DBCM µg/L
	<1
	<1
	16
	10
	
	<1
	9
	32
	10
	<1
	45
	
	
	21

	TBM µg/L
	<1
	4
	320
	330
	
	1
	270
	760
	300
	<1
	370
	
	
	410

	HAA6 µg/L
	36
	2
	56
	11
	30.4
	27
	36
	74
	41
	7
	31
	39.1
	33.7
	67

	BCAA µg/L
	<1
	<1
	5
	<1
	
	1
	3
	8
	3
	<1
	5
	
	
	5

	BDCAA µg/L
	<1
	<1
	<1
	<1
	
	<1
	<1
	<1
	<1
	<1
	5
	
	
	<1

	CDBAA µg/L
	<1
	<1
	5
	2
	
	2
	19
	19
	<10
	4
	16
	
	
	4

	DBAA µg/L
	10
	2
	48
	11
	
	21
	36
	74
	41
	7
	25
	
	
	44

	DCAA µg/L
	<1
	<1
	<1
	<1
	
	<1
	<1
	<1
	<1
	<1
	1
	
	
	<1

	TBAA µg/L
	3
	2
	42
	26
	
	8
	32
	32
	24
	38
	35
	
	
	20

	TCAA µg/L
	26
	<1
	<1
	<1
	
	7
	<1
	<1
	<1
	<1
	<1
	
	
	21

	Chlorate mg/L
	<0.5
	<2.0
	<2.0
	<2.0
	<2.0
	<0.5
	<0.5
	<0.05
	<0.01
	<2.0
	<2.0
	<2.0
	<2.0
	<0.5

	Chlorite mg/L
	<2.5
	<1.0
	<1.3
	<2.6
	<2.0
	<2.5
	<2.5
	<2.5
	<0.05
	<2.5
	<1.0
	<2.0
	<2.0
	<2.5



	Ship #
	103
	106
	111
	111
	112
	119
	120
	120
	123
	115
	116
	100
	104
	105
	109
	122
	125
	114

	BWMS #
	BWMS #4
	BWMS #6
	BWMS #1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	9

	TRO mg/L
	0
	0.15
	0.33
	0.66
	0.03
	0
	0.04
	0.06
	0.02
	0
	0
	0.07
	0.01
	0.19
	0.35
	0.04
	0.16
	0.08

	THM mg/L
	<2
	210
	140
	130
	<2
	<2
	<2
	<2
	<2
	<2
	180
	830
	2
	220
	79
	<2
	250
	<2

	TCM µg/L
	<1
	<1
	2
	<!
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	2
	2
	1
	2
	<1
	<1
	<1

	BDCM µg/L
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1

	DBCM µg/L
	<1
	6
	5
	5
	<1
	<1
	<1
	<1
	<1
	<1
	7
	36
	<1
	6
	4
	<1
	8
	<1

	TBM µg/L
	<1
	200
	130
	120
	<1
	<1
	<1
	<1
	<1
	<1
	180
	790
	<1
	210
	74
	<1
	240
	<1

	HAA6 µg/L
	31
	28
	20
	19
	7
	<1
	7
	9
	1
	<1
	34
	36
	36
	46
	22
	27
	64
	7

	BCAA µg/L
	<1
	1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	2
	1
	<1
	2
	2
	1
	3
	<1

	BDCAA µg/L
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1

	CDBAA µg/L
	<1
	<10
	<10
	<10
	<10
	<1
	1
	1
	<1
	<1
	2
	7
	<1
	2
	<10
	<1
	3
	<1

	DBAA µg/L
	8
	27
	19
	18
	7
	<1
	7
	9
	1
	<1
	30
	21
	14
	31
	22
	25
	58
	7

	DCAA µg/L
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1

	TBAA µg/L
	17
	57
	30
	25
	10
	<1
	22
	22
	11
	<1
	36
	51
	4
	56
	17
	17
	60
	2

	TCAA µg/L
	23
	2
	2
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	<1
	14
	22
	12
	<1
	<1
	<1
	<1

	Chlorate mg/L
	<0.5
	<0.01
	<0.01
	<0.01
	<0.01
	<2.0
	<2.0
	<2.0
	<2.0
	<2
	<2.0
	<0.5
	<0.5
	<0.5
	<0.01
	<2.0
	<2.0
	<2.0

	Chlorite mg/L
	<2.5
	<0.05
	<0.05
	<0.05
	<0.05
	<0.50
	<2.5
	<2.5
	<0.50
	<1
	<1.0
	<2.5
	<2.5
	<2.5
	<0.05
	<1.0
	<1.0
	<1.3



Annex A: Review of DBPs

1. Production of DBPs by BWMS
2. BWMS are designed using a combination of mechanical, physical, and/or chemical processes to render organisms suspended in ballast water either dead or nonviable through disinfection (Bilgin Güney, 2022; David et al., 2018). The market comprises a range of BWMS, the majority of which utilise either ultraviolet (UV) radiation or chemical means to achieve disinfection of ballast water (Moreno-Andrés & Peperzak, 2019; Stenhouwer et al., 2026). Of BWMS that employ chemical oxidation disinfection, systems that use electric catalysis of water to make active substances are most common, but some alternatives such as ozonation or nitrogen deoxygenation are also used (Grote et al., 2022; Moreno-Andrés & Peperzak, 2019). BWMS that use Active Substances stipulate a concentration of the relevant chemicals used in the treatment. These chemical-based BWMS are designed to neutralize excess oxidizing chemicals (e.g. chlorine) by adding additional reductants, usually sodium thiosulphate, prior to ballast water discharge (David & Gollasch, 2015; Moreno-Andrés & Peperzak, 2019). The discharged ballast water must meet the maximum allowable discharge concentration (MADC) for the total residual oxidants (TRO) as determined by the BWM Convention.
3. The type and concentration of disinfectants used in chemical BWMS vary, and this influences which DBPs are likely to form as a result of treatment (Moreno-Andrés & Peperzak, 2019). A substantial number of DBPs have been identified across the range of BWMS on the market (Moreno-Andrés & Peperzak, 2019) but many are not fully identified (Postigo & Richardson, 2021), complicating assessment of effects (Hertzberg et al., 2000). GESAMP maintains a database of common chemicals (currently 44), including DBPs, for which relevant information is available, but over 900 DBPs have been identified (Delacroix et al., 2013; Moreno-Andrés & Peperzak, 2019). 
4. For BWMS that use active substances, disinfection using chlorine, biocides, or ozone is effective because these substances are highly reactive oxidizers and are capable of breaking down the cell membranes of biomolecules to compromise their structural integrity and cellular processes (Batista et al., 2017; Werschkun et al., 2012). Biocides then cause structural damage to proteins, membranes, and ribonucleic acids (DNA/RNA), and disrupt enzyme-dependent processes (Čulin & Mustać, 2015). For electro-chlorination systems, chlorine will, depending on water pH, hydrolyze into a mixture of hypochlorous acid and hypochlorite ions (Delacroix et al., 2013; Werschkun et al., 2012). Reduction of chlorine in the presence of bromine or iodine, which are readily available in seawater, will form secondary oxidants such as hypobromous acid, hypobromite ions, or iodinated equivalents as by-products of decontamination (Bai et al., 2018; Delacroix et al., 2013; Werschkun et al., 2012). 
5. A properly functioning BWMS aims to transform organic matter in water using reactions with halogen species to produce chemically inactive halogen ions, but in practice, the halogens form covalent bonds that attach them to organic molecules, producing a range of organohalogens. These are the DBPs, which can also include halogenated alkanes, carbonyl compounds, and phenols (Werschkun et al., 2012). Bromate can also be produced by oxidation reactions with excess ozone or via reaction pathways involving bromine radical intermediates and hydroxyl radicals (Werschkun et al., 2012). The key DBP groups are trihalomethanes (THMs), haloacetic acids (HAAs), and haloacetonitriles (HANs). Brominated DBPs pose greater toxicity, carcinogenicity, and mutagenicity risks, but toxicity of most DBPs has not been assessed (Delacroix et al., 2013; Gonsior et al., 2015; Moreno-Andrés & Peperzak, 2019). 
6. For UV systems, further investigation is required to determine whether UV irradiation of seawater produces DBPs (Ao et al., 2020), with suggestions that UV systems are unlikely to directly produce DBPs, but may produce them indirectly (Werschkun et al., 2012). Early research has reported low concentrations of DBPs such as aldehydes, carboxylic acids, and organohalogens, although most research has concentrated on UV treatment of drinking water (Ao et al., 2020; Summerson et al., 2019; Werschkun et al., 2012). The testing of BWMS under G9 was mandatory for all initial type approvals, including UV-based systems, until MEPC 53 (MEPC 53/WP.9). At this meeting, the Committee agreed to give the Administrations the latitude to decide whether a BWMS had “residuals” in the ballast water discharge and, thus, whether it would require Active Substance approval. 
7. Operational Challenges, Real World Variability, and Risks
8. Following type approval testing, where DBPs are measured during the land-based assessments, a BWMS is currently not required to be retested for DBPs. When a BWMS is installed on a ship, it undergoes a commissioning test to ensure its correct installation and function, with measurement of the MADC for TRO the only chemical measurement (Drillet et al., 2023). Although compliance with the MADC for TRO has improved, approximately 9% of ships still failed at the point of the commissioning test (Drillet et al., 2023). Drillet et al. (2023) expressed concern with these results, as the BWMS is expected to “function for the lifetime of the vessel” and there has been limited compliance testing of BWMS against the regulation D-2 biological standard (Outinen, et al., 2024), let alone the MADC for TRO or DBPs. The results of D-2 compliance testing have shown a significant number of non-compliant ships (Outinen et al., 2024), indicating a decline in the operation and/or functioning of the BWMS in real-world conditions.
9. A range of operational challenges exist that influence which DBPs are formed and the concentration that is discharged to marine environments with ballast water. When assessing the outputs and risk posed by DBPs from a system undergoing type approval testing, it is assumed that the system will be operated and maintained correctly, and within its operational limits. It is apparent, however, that crew training for BWMS operation and repair is variable and often inadequate to keep the system running optimally, and that operational demand pressures increase the likelihood of neglecting to operate, troubleshoot, or repair BWMS correctly and promptly following the ship’s BWMP and Operation, Safety and Maintenance Manual (OMSM) (Bailey et al., 2022; Bilgin Güney, 2022; Jang et al., 2020).
10. Testing conditions do not necessarily reflect real world operating conditions experienced by ships (Lee et al., 2017). Many ports operate with known challenging water quality (CWQ) whereby intake water has conditions, including loads of particulates and organic matter which are beyond the capacity of the BWMS to treat at an operationally relevant rate, which clog filters and require the input of additional disinfectants (see IMO, 2024; INTERTANKO, 2024; David et al., 2018; Grote et al., 2022; Jang et al., 2020). This is also likely to occur in ports that experience phytoplankton blooms, which creates an environmental paradox because managing the biosecurity risk of phytoplankton spread via ballast water leads to higher DBP formation (Cha et al., 2024).  
11. Environmental factors have diverse influences on DBP formation, including temperature, pH, particulate organic carbon (POC), dissolved organic carbon (DOC), total suspended solids (TSS), salinity, total residual oxidants (TRO), and bromide concentration in seawater (Banerji et al., 2012; Cha et al., 2024; Moreno-Andrés & Peperzak, 2019; Summerson et al., 2019). Moreno-Andrés and Peperzak (2019) found that salinity and organic matter concentration had a significant effect on the formation of all DBPs. The concentration of DBPs can increase in ballast tanks over the time of a voyage (Sayinli et al., 2022) and some DBPs are persistent or can have cumulative effects in marine environments (Čulin & Mustać, 2015).
12. The environmental risk associated with the discharge of ballast water is assessed using the chemical fate model, MAMPEC (Marine Antifoulant Model for Predicted Environmental Concentration). The highest discharged concentrations of DBPs at any point during the testing process are used in the modelling, with a generic commercial harbor scenario and a standardized rate of ballast water discharge. Summerson et al. (2019) modelled the release of DBPs in Australian ports and found three DBPs that could pose an environmental risk: dibromoacetronitrile, monochloroacetic acid and dibromoacetic acid. 
13. The assumptions that underpin the GESAMP-BWWG scenarios for environmental risk assessment have been shown to be insufficient to account for possible risks (David et al., 2018). This means that the model by which BWMS assessment occurs is insufficiently conservative and should be further revised (David et al., 2018).
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