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Reporting and Investigation) Regulations 2012 shall be the prevention of future accidents 

through the ascertainment of its causes and circumstances. It shall not be the purpose of an 

investigation to determine liability nor, except so far as is necessary to achieve its objective, 

to apportion blame.”

NOTE

This report is not written with litigation in mind and, pursuant to Regulation 14(14) of the 

Merchant Shipping (Accident Reporting and Investigation) Regulations 2012, shall be 
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attribute or apportion liability or blame.
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SYNOPSIS 

On 5 December 2012, a fumigated cargo of maize 
was being discharged from the general cargo vessel 
Arklow Meadow in Warrenpoint, Northern Ireland 
when it became apparent that the fumigant was still 
active; fumigant retainers that had been removed from 
the cargo holds started to smoke.

Cargo operations were immediately stopped and 
Arklow Meadow’s crew were evacuated to the 
quayside.	The	local	fire	brigade	was	quickly	on	the	
scene and established a 50 metre cordon around 
the vessel. Houses and retail premises surrounding 
the port area were also evacuated by the police as 
a precautionary measure. Eight of Arklow Meadow’s 
11 crew, and a stevedore who had potentially 

been exposed to phosphine gas, were taken to hospital for observation and 
decontamination. 

A total of 89 fumigant retainers were recovered from the vessel and shore areas, 
leaving 21 fumigant retainers unaccounted for. The recovered retainers were 
neutralised by immersing them in water. It took 5 days for the level of phosphine gas 
in the vessel’s cargo holds to reduce to a safe level.

The	MAIB	investigation	identified	that:

• The fumigant compound (aluminium phosphide) had probably remained active 
due to its tight packaging and the relatively low humidity in the cargo holds 
during the vessel’s voyage from the Ukraine.

• Although the levels of phosphine gas in the atmosphere at the tops of the 
cargo holds had been assessed to have been safe, the fumigant retainers 
were not removed from on top of the maize cargo before cargo operations 
were started.

• Onboard procedures for the carriage of fumigated cargoes were scant and the 
instructions provided by the fumigator in the Ukraine were not followed.

• Although Warrenpoint Harbour Authority reacted quickly, the port had not 
developed	procedures	or	emergency	plans	dealing	specifically	with	the	
potential hazards associated with fumigants.

A recommendation has been made to the Maritime and Coastguard Agency aimed 
at improving the guidance available regarding the carriage of fumigated cargoes. 
A recommendation has also been made to the British Ports Association and the 
United Kingdom Major Ports Group to help ensure that all UK ports have procedures 
and emergency plans in place when dealing with fumigated cargoes. 
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SECTION 1 - FACTUAL INFORMATION 

1.1 PARTICULARS OF Arklow MeAdow AND ACCIDENT
SHIP PARTICULARS

Vessel’s name Arklow Meadow
Flag Ireland
Classification	society Bureau Veritas
IMO number 9440277
Type General Cargo Ship
Registered owner Coastal Shipping Plc
Manager Arklow Shipping 
Construction 2010, Mokpo Shipbuilding Ind. Co., Korea
Length overall 136.5m

Registered length Not applicable
Gross tonnage 9682t
Minimum safe manning 10
Authorised cargo General cargo including dangerous goods.  

Grain capacity – 18111m3

VOYAGE PARTICULARS

Port of departure Nika-Tera, Ukraine
Port of arrival Warrenpoint, Northern Ireland
Type of voyage International
Cargo information 13276 tonnes maize, fumigated in transit
Manning 11
MARINE CASUALTY INFORMATION

Date and time 5 December 2012, 0600-1000

Type of marine casualty  
or incident

Marine incident

Location of incident General cargo berth, Warrenpoint
Place on board Cargo holds and main deck
Injuries/fatalities None
Damage/environmental  
impact

None

Ship operation Cargo discharge alongside
Voyage segment Alongside
External & internal  
environment

Calm sheltered waters, good visibility and light 
winds

Persons on board 11



3

A
rk

lo
w

 M
ea

do
w



4

1.2 NARRATIVE

1.2.1 Cargo loading

Arklow Meadow arrived alongside at Nika-Tera, Ukraine at 1910 (UTC+2) on 
18 November 2012 to load a cargo of maize bound for Warrenpoint, Northern 
Ireland.		The	vessel’s	master	had	already	been	informed	by	Soufflet	Negcoe,	the	
shippers of the cargo, that the maize would be fumigated in transit1.  The shippers 
had appointed Pro-Tek, a fumigation company based in the Ukraine, to initiate the 
fumigation process at Nika-Tera. A Pro-Tek fumigator (henceforth known as the 
fumigator in charge (FIC)2) boarded Arklow Meadow shortly after the vessel had 
berthed.

The FIC inspected Arklow Meadow’s four cargo holds (Figure 1) and found them 
to	be	in	a	satisfactory	condition	and	gas	tight.	He	then	fitted	a	system	of	hoses	and	
electric fans into each hold which were to be used to re-circulate the fumigant during 
the forthcoming passage. The control switches for the electric fans were sited on the 
main deck.

The FIC provided the master with the following information on the fumigation 
process:

• Statement of pre-fumigation notice of compliance (which showed that the 
fumigant to be used was aluminium phosphide3);

• Statement of the ship suitability for fumigation;

• Safety information;

• Safety equipment checklist; 

• Statement of the re-circulation system installation; and

• Instructions for the re-circulation system operation.

The documentation (Annex A) was written in English and was signed by the master 
and the FIC. 

The	FIC	also	supplied	two	filters	for	use	in	conjunction	with	respiratory	masks	held	
on board, a Russian manufactured bellows-type hand pump and a selection of test 
tubes	to	be	used	for	the	detection	of	PH³.	The	chief	officer	did	not	understand	the	
instructions for the use of the pump and tubes which were written in Russian.

1 A fumigant is a substance that is used to eliminate or control infestation by rodents or insects in cargoes or in 
areas such as galleys and crew accommodation. The fumigation of grain cargo is commonly completed during 
a vessel’s passage in order to reduce the time a vessel has to spend in port. The value of fumigated cargoes is 
generally higher than cargoes that have not been fumigated.

2 FIC is a term used in the Maritime Safety Committee (MSC) Circular 1264 dated 27 May 2008 (MSC.1/
Circ.1264) – RECOMMENDATIONS ON THE SAFE USE OF PESTICIDES IN SHIPS APPLICABLE TO THE 
FUMIGATION OF CARGO HOLDS (see Paragraph 1.8.1 and Annex H). A  FIC is a person designated by a 
fumigation company, government agency, or other appropriate authority who, inter alia, initiates the fumigation 
process and provides vessels’ masters with written instructions on the type of fumigant used, the hazards 
involved and the precautions to be taken.

3 aluminium phosphide produces phosphine gas (PH³)
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The FIC checked that there were two sets of self-contained breathing apparatus 
(SCBA)	on	board,	and	he	explained	to	the	chief	officer	that	the	recirculation	fans	
were to remain running constantly for 72 hours after the cargo hold had been 
fumigated. The fans were then to be switched on and off for 8-hour periods 
throughout the remainder of the passage.  

By 1230 (UTC +2) on 20 November, the loading of 13276 tonnes of maize on board 
Arklow Meadow was complete. The temperature of the maize cargo was 10°C and 
its middle moisture content was 11.5% (Annex B).

The FIC returned on board Arklow Meadow with several assistants to complete the 
fumigation	operation.	Accompanied	by	the	chief	officer,	an	able	bodied	seaman	(AB)	
and an ordinary seaman (OS), the FIC and his assistants went onto the main deck; 
respiratory masks were not worn.

The fumigators placed the fumigant on top of the maize cargo in each hold in turn, 
with the ship’s crew closing each hold hatch cover on completion. The fumigant 
was contained in synthetic fabric retainers or ‘socks’ (Figure 2).  The socks were 
approximately 40cm long and contained about 250g of aluminium phosphide pellets; 
each pellet weighed 3g. The socks were tied to small diameter polypropylene ropes 
with between six and eight socks attached to each rope (Figure 3). The ropes were 
laid athwartships across the cargo and tied off by the port hatch coamings. Three 
ropes	of	fumigant	were	used	in	holds	1	and	4,	and	five	ropes	of	fumigant	were	
laid in holds 2 and 3 (Figure 4). A total of 110 fumigant socks containing 82.5kg of 
aluminium phosphide tablets were placed on top of the cargo. The FIC calculated 
that the minimum time required for the fumigant to fully disperse and expire was 168 
hours.

Figure 2: Fumigant ‘sock’ or retainer

Approximately 40 cm
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When all of the hatches were secured, the FIC placed warning notices by the hold 
access points (Figure 5) and switched on the recirculation fans. The FIC then gave 
the following documentation (Annex C) to	the	master:

• In transit fumigation certificate;

• Voyage safety check list;

• Maintaining safe conditions;

Copyright courtesy of Termapest

Figure 3: Polypropelene rope with fumigant socks attached laid on top of the maize cargo

Figure 4: Fumigant retainer plan
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• Instruction for aerating the hold;

• Fumigation plan;

• Hydrogen Phosphide (Phosphine) gas detection procedures;

• Statement of hand over responsibility for maintaining safe conditions [sic];

• Fumigation safety log; and

• Fumigant dosage and quantity plan

The FIC also provided written instructions in English for the operation and testing of 
the bellows hand pump and test tubes. The master signed and gave copies of the 
documentation to the FIC. The Instruction For Aerating The Holds included:

Retrieve used residue-retaining sleeves from the fumigated hold after the 
surface has been aerated to below 0.3ppm of hydrogen phosphide (PH3). Use a 
wire basket or other open-mesh container for collection of the residue-retaining 
sleeves. Do not confine exposed residue-retaining sleeves by stacking or by 
placing them in sealed containers. This may lead to a build up of dangerous 
levels of gas, which could cause flash or cause fire. Keep collected residue-
retaining sleeves in dry place in open air away from vent intakes until docking. 
Arrange with Quarantine Inspection for disposal of residue-retaining sleeves by 
means and at the site approved by local authority after ship’s docking.

Figure 5: Fumigation warning notice
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On arrival at the discharge port the master should not allow discharge of the 
cargo to commence until he is satisfied that the cargo has been correctly 
ventilated and aluminium phosphide residues that can be removed, have been 
removed and that any other requirements of the discharge port have been met.
[sic]

1.2.2 The voyage to Warrenpoint

Arklow Meadow sailed from Nika-Tera at 0700 (UTC+2) on 21 November 2012. The 
chief	officer	switched	off	the	re-circulation	fans	in	the	cargo	holds	after	they	had	
been operating for 72 hours. He then switched the fans on at 0800 each morning 
and then off at 1600 each evening. The midday and midnight air temperatures 
recorded on board during the voyage are shown in Figure 6. The daily mean sea 
temperatures are shown in Figure 7.

 

0
2
4
6
8

10
12
14
16
18
20
22

21
‐N
ov

22
‐N
ov

23
‐N
ov

24
‐N
ov

25
‐N
ov

26
‐N
ov

27
‐N
ov

28
‐N
ov

29
‐N
ov

30
‐N
ov

01
‐D
ec

02
‐D
ec

03
‐D
ec

04
‐D
ec

Midday Temp

Midnight Temp

Optimum Activation Temp

Date

Air Temperature from Deck Log

 

0
2
4
6
8

10
12
14
16
18
20

21
‐N
ov

22
‐N
ov

23
‐N
ov

24
‐N
ov

25
‐N
ov

26
‐N
ov

27
‐N
ov

28
‐N
ov

29
‐N
ov

30
‐N
ov

01
‐D
ec

02
‐D
ec

03
‐D
ec

04
‐D
ec

Mean Sea Temp

Optimum Activation Temp

Date

Mean Sea Temperature

Figure 6: Midday and midnight air temperatures
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At 2130 on 4 December 2012, Arklow Meadow arrived off Warrenpoint where the 
master decided to let the vessel drift rather than anchor. Arklow Meadow’s agent in 
Warrenpoint, Samuel Stewarts and Sons of Newry (Stewarts), had been instructed 
by	Soufflet	Negcoe	via	email	to	“deal with all aspects of de-fumigation”.  Accordingly, 
Stewarts had advised the Warrenpoint Harbour Authority (WHA) that the vessel was 
carrying a fumigated cargo. The agent had also, as on previous occasions with other 
vessels, arranged for an independent consultant to test the atmosphere at the top of 
the cargo holds before the vessel entered Warrenpoint.

1.2.3 Initial gas tests

At 2250 on 4 December 2012, the consultant boarded Arklow Meadow from a pilot 
boat	and	explained	to	the	chief	officer	that	he	intended	to	issue	two	certificates	
provided	the	PH³	level	was	below	0.3ppm.	The	first	certificate	would	indicate	that	
the cargo was safe to be discharged by persons working outside the hold, and was 
required	before	discharge	could	commence.	The	second	certificate	would	indicate	
that the holds were safe to enter and could not be issued until the cargo discharge 
was complete and the atmosphere in the holds had been re-tested. 

Due	to	intermittent	rain,	the	chief	officer	and	the	AB	only	opened	the	cargo	hatches	
far enough to enable the consultant to test the atmosphere above the cargo from 
the observation platforms sited towards the middle of each hold (Figure 8).  The 
consultant tested the atmosphere at the top of each hold using a Dräger hand pump.  
The initial levels of Ph³ detected exceeded 0.3ppm so the cargo hold hatches were 
left slightly ajar to allow the holds to vent. 

While	the	consultant,	the	chief	officer	and	the	AB	waited	in	the	cargo	office,	the	
consultant	informed	the	chief	officer	that	not	all	of	the	maize	cargo	was	to	be	
discharged	at	Warrenpoint.	The	chief	officer	was	unaware	of	this	change	and	
realised that he would have to re-calculate the cargo discharge plan. 

At 0025 on 5 December 2013, the consultant re-tested the atmosphere at the top 
of the four cargo holds. As the levels of PH3 were between 0.0 and 0.2 ppm, the 
consultant	issued	an	atmospheric	gas	test	certificate	(Annex D). In addition to 
the	level	of	PH³,	the	certificate	also	included	the	levels	of	oxygen	and	hydrogen	
sulphide4. 

The	consultant	informed	the	chief	officer	that	it	was	now	safe	to	discharge	the	
cargo but that he did not know who would be removing the fumigant residue.  The 
hold hatches were then closed due to the intermittent rain. At 0130, a harbour pilot 
embarked on board Arklow Meadow and the consultant disembarked via the pilot 
boat. 

1.2.4 Exposure to fumigant

At 0330 on 5 December 2012, Arklow Meadow berthed starboard side to alongside 
WHA’s	timber	berth.	Soon	after,	the	chief	officer	received	confirmation	that	only	
8000t of the cargo was to be discharged at Warrenpoint. As cargo operations were 
due	to	start	at	0600,	the	chief	officer	started	to	calculate	the	quantities	of	cargo	to	
be discharged from each of the holds.  

4 The consultant initially re-tested the atmosphere at the top of the cargo holds using the test tubes supplied to 
the vessel in the Ukraine. He was unable to obtain a reading and reverted to the use of his own equipment.
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At	0600,	the	chief	officer	was	still	working	on	his	cargo	plan	but	he	told	the	OS	
keeping the watch on deck that he could start to discharge cargo from holds 2 and 
4. Accordingly, the OS opened the hatch cover on hold 4 followed by the hatch cover 
on hold 2. Two shore cranes were available; one crane was positioned forward to 
work holds 1 and 2 and the other crane aft to work holds 3 and 4.  Both cranes 
discharged into hoppers. The forward hopper fed a conveyor belt leading to on-site 
storage sheds; the contents of the aft hopper were loaded into trucks. 

Shortly after the cargo discharge had started, the OS was hailed by the aft crane 
driver working hold 4.  The driver had snagged one of the ropes of fumigant with 
the crane’s grab, and he asked the OS to remove the ropes from the top of the 
cargo. The OS was aware that it was dangerous to touch the fumigant socks so he 
pulled the polypropylene ropes towards the port side of the hold and then placed the 
fumigant socks on to the deck. 

The OS then went to hold 2, where he noticed a number of the fumigant socks had 
already been discharged with the cargo. He removed the remaining socks from 
the top of the hold and put them on to the deck on the port side. As he did so, the 
socks began to smoke. The OS quickly moved the socks onto the hold’s observation 
platform and the smoke appeared to stop. The OS also moved the fumigant socks 
taken from hold 4 onto hold 4’s observation platform. On completion, the OS went to 
the	cargo	office	and	told	the	chief	officer	about	what	had	happened.	As	the	fumigant	
socks	were	no	longer	smoking,	the	chief	officer	decided	that	no	further	action	was	
necessary. 

At 0700, the AB took over from the OS on deck. During the watch handover, the 
OS informed the AB that the fumigant socks had to be removed from holds 1 and 3 
once they were opened. 

By	0800,	the	chief	officer	had	revised	his	cargo	calculations.	He	went	onto	the	main	
deck and instructed the AB to stop the cargo discharge from hold 2 and to start 
discharging	from	hold	1.	The	chief	officer	then	left	the	main	deck	and	told	the	master	
about the fumigant socks that had been smoking earlier. Meanwhile, the AB opened 
the hatch on hold 1 but, before he could remove the fumigant socks, the crane driver 
started to discharge the cargo. 

At approximately 0845, the WHA operations manager arrived at Arklow Meadow’s 
berth to monitor the progress of the cargo operations. He quickly noticed a rope and 
pieces	of	fabric	(which	were	later	identified	as	socks	containing	the	fumigant)	in	the	
forward hopper and instructed a stevedore to remove them. As the stevedore lifted 
the rope and the fumigant socks clear of the hopper, one the fumigant socks burst 
open, and its contents spilled on to the ground (Figure 9). 

1.2.5 Emergency response

The operations manager and a number of stevedores gathered around the spilled 
residue. They were aware that the maize cargo had been fumigated so the 
operations manager informed the harbourmaster of the situation via Very High 
Frequency (VHF) radio. The operations manager also stopped the discharge of 
cargo from Arklow Meadow and instructed the stevedores to cordon off the spillage.
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The	harbourmaster’s	office	contacted	Stewarts,	who	confirmed	that	the	fumigant	
used on board Arklow Meadow was aluminium phosphide. The harbourmaster 
researched the properties of the fumigant in the International Maritime Dangerous 
Goods Code (IMDG code) and then boarded Arklow Meadow at 0920. 

During discussions with the master, the harbourmaster instructed the AB to collect 
the socks from the observation platforms by holds 2 and 4 and to put them into a 
black plastic bag to keep them dry. The plastic bag was then placed on the port side 
of the main deck adjacent to hold 4.

Soon after, at about 0930, the harbourmaster and Arklow Meadow’s master were 
informed that there was smoke coming from the port side of the vessel’s main deck 
(Figure10). The harbourmaster and master investigated and saw that the smoke 
was coming from the plastic bag next to hold 4, and that it was increasing in density 
(Figure 11). On the advice of the harbourmaster the vessel was evacuated; sleeping 
crew were woken and the master and the crew mustered on the quay. 

At	0940,	WHA	alerted	the	local	fire	brigade,	which	arrived	7	minutes	later	and	
quickly established a 50 metre cordon around Arklow Meadow. Houses and 
retail premises surrounding the port area were also evacuated by the police as a 
precautionary measure.

Eight of Arklow Meadow’s crew and a stevedore, who had potentially been exposed 
to PH³, were taken to hospital for observation and decontamination. Four shore 
workers were also decontaminated on the quay. 

Figure 10: Smoke from fumigant socks inside a bag on Arklow Meadow’s port side
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1.2.6 Disposal of the fumigant

Following	the	arrival	of	the	fire	brigade,	fumigators	were	appointed	by	both	WHA	
and the cargo receivers to attend the vessel.  At 1421, the fumigator appointed by 
the cargo receivers assumed responsibility for the disposal of the fumigant residues. 
The fumigator collected 30 socks from beside the shore hopper, 22 socks from 
inside the plastic bag (10 of which had been reduced to charred remnants); and 34 
socks from hold 3. Three socks were also removed from a nearby shed where some 
of the discharged grain had been stored. The fumigant socks were then neutralised 
by immersing them in water (Figure 12). During this process the fumigant ignited, 
resulting in the release of a high volume of dense smoke, following which the 
combusting material was quenched by the fumigator wearing breathing apparatus. 
The	fire	brigade	left	the	scene	at	1730.	

As up to 21 fumigant socks remained unaccounted for, the grain shed was searched 
the following day. Due to the high level of PH3 (2.4ppm) detected in the cab of the 
mechanical grab used during the search, the driver quickly exited and donned 
breathing apparatus to allow him to continue. 

The level of PH³ in all of Arklow Meadow’s four cargo holds was found to be very 
high and, even with the assistance of mechanical ventilation, it still took 5 days for 
the PH³ level to reduce to below 0.1ppm (Figure 13) 

Figure 11: Denser smoke from bagged fumigant
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Figure 12: Immersion of fumigant in water

Figure 13: PH3 readings in the cargo holds
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1.3 CREW EXPERIENCE

Arklow Meadow’s master was a Polish national and had served mainly on board 
general cargo vessels throughout his career. He had been a master for over 9 
years,	first	serving	on	board	Arklow Meadow, which was the largest vessel that he 
had commanded, during the summer of 2011. The master held a Polish STCW II/2 
Master’s	Unlimited	Certificate	of	Competency	with	an	Irish	Certificate	of	Equivalent	
Competency (CEC). 

The	chief	officer	was	also	a	Polish	national.	He	was	newly	promoted	and	had	joined	
Arklow Meadow	for	the	first	time	in	November	2012.	However,	he	had	served	on	
one of her sister vessels and was comfortable with the vessel’s operation. The chief 
officer	held	a	Polish	STCW	II/2	chief	officer’s	Unlimited	Certificate	of	Competency	
with	an	Irish	CEC.	At	the	time	of	the	incident,	the	chief	officer	had	been	on	duty	for	
13 hours and had achieved 6 hours of rest in the previous 24 hours. 

The	master	and	chief	officer	had	previously	sailed	together	and	an	easy	working	
relationship	had	developed	between	them.	Both	officers	had	served	on	board	
vessels that had carried fumigated cargoes a few times during their careers but 
not	in	their	current	ranks.	Neither	the	master	nor	chief	officer	had	completed	a	
dangerous goods course or gas testing training beyond the level necessary to obtain 
their	certificates	of	competency5.

1.4 VESSEL SAFETY MANAGEMENT

1.4.1 Safety management 

Arklow Meadow was managed by Arklow Shipping, which is based in Arklow, 
County Wicklow, and operates 44 general cargo vessels. The ship manager’s 
International Management System (ISM) Document of Compliance (DoC) was 
issued by Bureau Veritas (BV) in November 2010. BV had also issued Arklow 
Meadow’s	ISM	Safety	Management	Certificate	and	her	IMDG	DoC	following	vessel	
audits in 2011.

1.4.2 Fumigation of cargoes

The vessel’s safety management system (SMS) included a section titled 
“fumigation”,	which	stated:

6.1.3 Fumigation of Grain Cargoes

1. Advise office immediately

2. Ascertain exact product used and chemical properties

3. Crew precautions

5 The	STCW	oral	examination	syllabus	for	a	chief	officer	includes	the	stowage,	securing	and	care	of	cargoes.		
Knowledge of the IMDG Code and the International Maritime Solid Bulk Cargo Code (IMSBC Code) is included 
in	the	deck	officer	of	the	watch	syllabus	and,	although	not	specifically	listed	in	the	chief	officer’s	examination,	a	
candidate	presenting	themselves	for	a	superior	certificate	is	expected	to	have	demonstrated	their	knowledge	in	
the subjects at previous examinations.
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Arklow Meadow’s master did not refer to this part of the vessel’s SMS when advised 
that the maize cargo loaded in Nika-Tera was to be fumigated. There was no 
communication between the master and Arklow Shipping regarding the fumigation 
of the cargo, and Arklow Shipping was not aware that a fumigated cargo was to be 
carried. 

1.5 WARRENPOINT HARBOUR AUTHORITY

WHA is the statutory harbour authority (SHA) for Warrenpoint6. In 2012, the port 
imported 155 dry cargoes, of which 50 were grain. Two of the grain cargoes were 
fumigated cargoes; both were imported from the Ukraine. WHA requires vessels 
carrying	fumigated	cargoes	to	be	issued	with	a	‘gas	free’	certificate	(regarding	the	
atmosphere at the top of the cargo holds) before berthing alongside. However, the 
handling of fumigated cargoes or of incidents involving fumigated cargoes is not 
referred to in the port’s operational or emergency procedures. 

1.6 THE FUMIGANT

The fumigant used for cargo fumigation is PH³, which is generated by compounds 
such	as	aluminium	phosphide	at	a	ratio	of	3:1.	General	information	on	aluminium	
phosphide and PH3 issued by the Health Protection Agency (HPA) is at Annexes E 
and F.  The aluminium phosphide is usually placed in retainers on top of the cargo 
and emits PH³ as it decomposes when exposed to moist air. As PH3 is heavier than 
air, the gas penetrates down through the cargo and eliminates infestations. Pure PH³ 
is	odourless	and	is	highly	toxic,	though	it	usually	smells	of	garlic	or	rotting	fish	due	
to the inclusion of ammonium carbamates in the product to provide warning. Both 
aluminium phosphide and PH3 are listed as dangerous cargoes in the IMDG Code 
when carried in bulk (IMDG Class 2.3).  

In the UK, an 8-hour time weighted average (TWA) exposure limit7 of 0.14 mg m³ 
(0.1ppm), and a short-term exposure limit (STEL)8 of 0.28 mg m³ (0.2 ppm) are 
applied	to	PH³.		In	some	countries,	a	TWA	of	0.3ppm	is	used.	The	lower	flammable	
limit (LFL) of PH³ in air is 1.8% volume (v) by volume in air9.

The fumigant used on board Arklow Meadow had the brand name of GIN and was 
licensed for use in the Ukraine. The exposure time required for the fumigant to be 
effective was dependent on the temperature. The durations recommended by the 
manufacturer	were:

5°C - 10°C: 10 days

11°C - 15 °C: 7 days

6 WHA’s powers are conferred in The Warrenpoint Harbour Authority Order (Northern Ireland) 2002.
7 In the UK, workplace exposure limits under the Control of Substances Hazardous to Health (COSHH) 

Regulations are subject to a time weighted average which is the maximum average concentration of a chemical 
in air for a normal 8 hour working day and 40 hour working week.

8 The STEL is the maximum average concentration of a chemical in air to which workers can be exposed for a 
short period (usually 15 minutes).

9 The	LFL	is	the	lower	end	of	the	concentration	range	over	which	a	flammable	mixture	of	gas	or	vapour	in	air	can	
ignite at a given temperature and pressure. The term is frequently interchanged with the term lower explosive 
limit (LEL).
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1.7 UNEXPECTED ACTIVE FUMIGANT 

As part of its investigation the MAIB commissioned a fumigation expert at The Food 
and Environment Research Agency (FERA) to report on the unexpected quantities 
of active aluminium phosphide in Arklow Meadow’s cargo holds during the discharge 
of maize in Warrenpoint. The executive summary of FERA’s report (Annex G) 
included:

The smoke generated by the socks on the deck and in the bag indicates the 
presence of large quantities of residual aluminium phosphide in the socks which 
produced sufficient phosphine to exceed 1.8% on the wet deck. This suggests 
that the formulation had not completely broken down.

Three factors have been identified which could have caused a slower than 
usual release of phosphine resulting in large quantities of residual aluminium 
phosphide:

1. Too much product contained in socks of low volume. This makes it   
    difficult for water vapour present in the air to penetrate to the centre of  
    the sock.

2. Unusually dry commodity causing low relative humidity.

3. Low temperature in maize slowing the production of phosphine.

It is not possible to determine which the most important factor was in this case. 
However, the available evidence suggests that both 1 and 2 were significant. 

1.8 GUIDANCE ON THE CARRIAGE OF FUMIGATED CARGOES

1.8.1 International guidance 

International guidance on fumigation on board ships is contained in MSC Circ 
1264 (Annex H). The fumigation procedure is explained in detail together with the 
responsibilities	of	the	master,	crew	and	the	FIC.		The	term	FIC	is	not	defined	in	the	
circular but is used widely within the industry and is accepted to be the person in 
charge of the fumigation process.

The	recommendations	made	in	the	circular	include:

3.3.2.1  Fumigation in transit should only be carried out at the discretion of the 
master. This should be clearly understood by owners, charterers, when 
considering the transport of cargoes that may be infested.

3.3.2.2  Before a decision is made as to whether a fumigation treatment planned 
to be commenced in port and continued at sea should be carried out, 
special precautions are necessary. These include the following:

.1 at least two members of the crew (including one officer) who have 
received appropriate training (see 3.3.2.6) should be designated as the 
trained representatives of the master responsible for ensuring that safe 
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conditions in accommodation, engine room and other working spaces 
are maintained after the fumigator in charge has handed responsibility to 
the master (see 3.3.2.12); and

.2 the trained representatives of the master should brief the crew before a 
fumigation takes place and satisfy the fumigator in charge that this has 
been done.

3.3.2.6 The trained representatives of the master designated in 3.3.2.3 should 
be provided and be familiar with:

.1  the information in the relevant Safety Data Sheet; and

.2  the instructions for use, e.g., on the fumigant label or package itself, such 
as the recommendations of the fumigant manufacturer concerning the 
methods of detection of the fumigant in air, its behaviour and hazardous 
properties, symptoms of poisoning, relevant first aid and special medical 
treatment and emergency procedures.

3.3.2.7  The ship should carry:

.1  gas-detection equipment and adequate fresh supplies of service items 
for the fumigant(s) concerned as required by 3.3.2.12, together with 
instructions for its use and the occupational exposure limit values set by 
the flag State regulations for safe working conditions;

.2  instructions on disposal of residual fumigant material;

.3  at least four sets of adequate respiratory protective equipment; and

.4  a copy of the latest version of the Medical First Aid Guide for Use in 
Accidents Involving Dangerous Goods (MFAG), including appropriate 
medicines and medical equipment.

3.3.2.15 If it is essential to ventilate a cargo hold or holds, every effort should be 
made to prevent a fumigant from accumulating in accommodation or 
working areas. Those spaces should be carefully checked to that effect…

3.3.2.16 Prior to the arrival of the ship, generally not less than 24 hours in 
advance, the master should inform the appropriate authorities of the 
country of destination and ports of call that fumigation in transit is being 
carried out. The information should include the type of fumigant used, 
the date of fumigation, the cargo holds which have been fumigated, and 
whether ventilation has commenced…

3.3.2.17 On arrival at the port of discharge the requirements of receiving countries 
regarding the handling of fumigated cargoes should be established. 
Before entry of fumigated cargo holds, trained personnel from a 
fumigation company or other authorized persons, wearing respiratory 
protection, should carry out careful monitoring of the spaces to ensure 
the safety of personnel. The monitored values should be recorded in 
the ship’s log-book. In case of need or emergency the master may 
commence ventilation of the fumigated cargo holds under the conditions 
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of 3.3.2.15, having due regard for the safety of personnel on board. If this 
operation is to be done at sea, the master should evaluate weather and 
sea conditions before proceeding.

3.3.2.18 Only mechanical unloading that does not necessitate entry of personnel 
into the cargo holds of such fumigated cargoes should be undertaken….

3.3.2.19 During the final stages of discharge, when it becomes necessary for 
personnel to enter the cargo holds, such entry should only be permitted 
subsequent to verification that such cargo holds are gas-free.

1.8.2 Uk guidance

The Maritime and Coastguard Agency (MCA) has issued recommendations for 
ships carrying fumigated bulk cargoes in Marine Guidance Note (MGN) 284 (M+F) 
(Annex I).	The	main	points	of	the	MGN	are:

2.1   There may be an incorrect assumption that the concentration of toxic 
fumigant in the holds and access ways of the ship is sufficiently low to 
avoid safety and health risks to ship and shore personnel or enforcement 
officers when the ship arrives in the port of discharge.

2.2   There are reported incidents where employees have been exposed to the 
fumigant, usually phosphine, causing health problems; and

2.3   Ships containing bulk cargo under fumigation, unlike in container 
transport units (CTUs), have no requirement to be labelled as such, 
and therefore may not be visibly recognised as a potential health and 
safety risk. It should be noted that there is a requirement in the ‘Code of 
Practice for Merchant Seamen’ to ensure that fumigation warning signs 
are conspicuously displayed on cargo units or spaces under fumigation.

In August 1998, the MCA issued conditions and recommendations on the safe use 
of pesticides in ships in Merchant Shipping Notice (MSN) 1718 (M) (Annex J) and 
MGN 86 (M) (Annex k) respectively.	MSN	1718	(M)	states,	inter	alia:

1. Where fumigation in transit is undertaken on short sea voyages, it is 
likely that the fumigant tablets may not have fully decomposed before 
arrival at the discharge port. In such cases, when the presence of 
personnel in cargo spaces is required, it is important that adequate 
respiratory protection (e.g. self-contained compressed air breathing 
apparatus) is worn until all fumigant residues have been removed and the 
spaces have been thoroughly vented.

2. Responsibility for the fumigation process, including, if appropriate, the 
provision of means to remove any residues, lies with the fumigator. 
However, where fumigation in transit is to take place, the responsibility to 
provide safe working conditions on board ship rests with the master. He 
must ensure that at least two members of his crew including one officer 
have received appropriate training...
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3. If fumigant tablets are applied to a cargo in a retrievable form, their 
residues, whether completely spent or not, must be immediately removed 
from the cargo spaces upon arrival at the discharge port…

4. Some of the gases and other agents commonly used for fumigation are 
flammable and, unless used strictly in accordance with manufacturer’s 
instructions, may create a fire hazard…

MGN	86	(M)	highlights:

In one case, failure to comply with the recommended procedures caused a 
number of people to be hospitalised after exposure to phosphine gas generated 
in a cargo of grain fumigated with Aluminium Phosphide during the sea passage. 
The fumigant tablets were not fully decomposed and, hence, the fumigation 
process was not fully completed before the vessel arrived at the discharge 
port…

1.9 FUMIGATION TRAINING 

There	are	no	international	training	standards	or	minimum	qualifications	required	by	
fumigators. In the UK, a competent fumigator is generally recognised to be a person 
who has completed a training programme organised by a recognised industry body 
such as the British Pest Control Association (BPCA). BPCA’s training programme 
consists	of	two	parts:	a	generic	course	on	basic	fumigation	procedures	followed	by	
more	detailed	training	in	specific	areas	such	as	ships	and	cargoes.	

1.10 PORT SAFETY

1.10.1 Port Marine Safety Code

The Port Marine Safety Code (PMSC) was established following a review of the 
Pilotage Act in 1998. The PMSC provides a national standard in the UK for every 
aspect of port marine safety and aims to enhance safety for those who work in 
ports, their ships, passengers and the environment. The PMSC applies to all 
harbour	authorities	in	the	UK	that	have	statutory	powers	and	duties,	and	includes:

5.10.      A harbour master also has powers to prohibit the entry into a harbour of 
any vessel carrying dangerous goods, if the condition of those goods, or 
their packaging, or the vessel carrying them is such as to create a risk to 
health and safety, and to control similarly the entry on to dock estates of 
dangerous substances brought from inland. The harbour master also has 
powers to regulate the movement of vessels carrying dangerous goods. 
Prior notice must be given to bring dangerous substances into a harbour 
area from sea or inland. The period of notice is normally 24 hours, 
although the harbour master has some powers of discretion on both the 
period and form of the notice. Harbour authorities have a duty to prepare 
emergency plans for dealing with dangerous substances.
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1.10.2 Guide to Good Practice on Port Marine Operations

The Guide to Good Practice on Port Marine Operations (The Guide), which 
supplements the PMSC, was developed by representatives of the port industry, the 
Department for Transport (DfT) and the MCA. The Guide contains information and 
provides general guidance on how harbour authorities can comply with the PMSC, 
including their responsibilities for emergency preparedness and response.

1.10.3 The Dangerous Substances in Harbour Areas Regulations 1987

The Dangerous Substances in Harbour Areas Regulations (DSHAR) apply to every 
harbour and harbour area in Great Britain. They require harbour authorities, among 
other things, to prepare and keep up to date an effective emergency plan for dealing 
with emergencies which involve dangerous substances that are brought into or 
handled in the harbour. 

The regulations apply to or are in relation to any dangerous substance, with 
exceptions.	Among	the	exceptions	listed	is:

1. (2) (c)  a dangerous substance when carried –

(iii) by a vessel as a result of a fumigant

1.11 PREVIOUS SIMILAR ACCIDENTS

The MAIB is aware of a number of incidents since 1990 in which vessels carrying 
fumigated cargoes have arrived in UK ports with unexpectedly high levels of PH3 
in the cargo holds and have required several days of mechanical ventilation before 
the cargo was safe to be discharged. However, it is possible that many other similar 
incidents have not been reported.

In 2008 a crewman on board the cargo ship Monika10 was found dead in his cabin. 
The vessel was carrying a fumigated grain cargo, and pinholes were found in the 
cabin deck where it overhung the cargo hold. The crewman had died from PH3 
poisoning	and	the	MAIB	issued	a	safety	flyer	to	remind	mariners	and	fumigation	
authorities and companies of the requirements of the IMO’s recommendations on 
the ‘Safe Use of Pesticides on Ships’. It also highlighted the importance of regular 
testing for fumigant gas in accommodation and other spaces on passage as any 
characteristic smell can be easily masked.

On 21 December 2010 16 crew members fell ill and were evacuated from the bulk 
carrier Hermann Schoening on Lake Erie, Canada. The vessel was carrying a 
grain cargo which had been fumigated with aluminium phosphide in Milwaukee, 
USA. The crew were affected by dangerous levels of PH3, which it is reported had 
escaped from a cargo hold into a conduit and had been circulated in the crew’s 
accommodation.  

10 http://www.maib.gov.uk/publications/completed_preliminary_examinations/completed_preliminary_
examinations_2008/monika.cfm
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SECTION 2 - ANALYSIS

2.1 AIM

The purpose of the analysis is to determine the contributory causes and 
circumstances of the accident as a basis for making recommendations to prevent 
similar accidents occurring in the future. 

2.2 FUMIGANT ACTIVITY

Five hours before the discharge of Arklow Meadow’s maize cargo was started, the 
level of PH3 in the atmosphere at the top of the cargo holds was measured to be 
less	than	0.2ppm.	As	a	consequence,	a	certificate	was	issued	indicating	that	it	was	
safe to discharge the cargo (Annex D). 

However, the smoke emitted from the socks removed from the cargo holds (Figure 
10) when they came into contact with the wet decks, along with the high levels of 
PH3 that were subsequently recorded in the holds (Figure 13) and in the shore grain 
store (Paragraph 1.2.6), show that the fumigant on board Arklow Meadow was still 
very active. The atmospheric readings obtained from the tops of the cargo holds 
prior to discharge were therefore misleading.

It is evident from the exposure times recommended by the manufacturer of the 
aluminium phosphide used on board Arklow Meadow (Paragraph 1.6), that 
temperature is a key factor in the speed and effectiveness of the fumigant in 
generating PH3 in cargoes in transit. In this case, the temperature of the maize cargo 
was 10°C when loaded on board Arklow Meadow, and the air and sea temperatures 
generally remained above this temperature during the vessel’s 14 day voyage 
(Figures 6 and 7). Therefore, although the FIC’s estimate, that the exposure time 
required was 7 days, was possibly optimistic, the aluminium phosphide should 
nevertheless have been fully broken down and inactive by the time the vessel 
arrived off Warrenpoint if its decay was dependent on temperature alone.

FERA’s report on the unexpected quantities of active aluminium phosphide found on 
board Arklow Meadow (Annex G) identified that, in addition to the temperature of 
the cargo, too much aluminium phosphide in the socks and the low relative humidity 
in	the	hold	could	also	have	been	significant	in	slowing	the	release	of	PH3 during the 
voyage.

Fumigant pellets are designed to react with moist air to produce phosphine. 
However, the fumigant pellets on board Arklow Meadow were tightly packed in the 
synthetic fabric socks (Figure 2) and it is likely that the pellets towards the centre 
of the socks had little or no exposure to the water vapour in the atmosphere until 
they were agitated when the socks were moved either by hand or by the crane grab. 
Furthermore, as the maize cargo had a middle moisture content of 11.5%, it was 
relatively dry (in the UK, grain cargoes are stored with a middle moisture content 
of around 14.5%) and the resulting relative humidity in the sealed cargo holds was 
possibly too low to trigger the generation of PH3.
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2.3 ONBOARD PROCEDURES AND ACTIONS

The actions taken on board Arklow Meadow during the voyage to Warrenpoint and 
after her arrival show that neither the vessel’s master nor her crew were aware 
of their responsibilities or of the risks involved when carrying a fumigated cargo. 
Despite the documentation and instructions provided by the FIC in Nika-Tera being 
comprehensive (Annexes A and C),	and	the	master	and	chief	officer	having	some	
previous experience in the carriage of fumigated cargoes, a number of safety-related 
actions	were	either	not	completed	or	were	not	completed	correctly.	In	particular:

• The master was not involved in the decision to carry a fumigated cargo and 
he had not discussed the intended ‘fumigation in transit’ as required by the 
vessel’s SMS.

• The crew was not briefed on the fumigation process.

• The	chief	officer	was	not	familiar	with	the	use	of	the	bellows	hand	pump	
and test tubes in the test kit, and therefore the atmosphere in the crew 
accommodation and working areas was not tested periodically.

• The re-circulation fans in the cargo holds were not operated as instructed.

• The crew working on the deck did not wear respiratory masks when the 
atmosphere at the top of the cargo holds was being tested or when the cargo 
holds were being vented.

• The fumigant residue was not removed from the cargo holds until after the 
discharge of the maize cargo had started. 

• The fumigant residue removed from the holds by the crew was not correctly 
handled. 

• Other than moving fumigant socks from the deck to the hold’s observation 
platform,	no	action	was	taken	when	the	socks	first	started	to	smoke.

• No action was taken when it became clear that some fumigant socks had 
been discharged with the maize cargo.

With the fumigant still active, the failure to remove the fumigant residues from the 
cargo holds before cargo operations were started, and the subsequent incorrect 
handling of the fumigant residue that was eventually removed, resulted in the ship’s 
crew and shore workers being exposed to high levels of PH3. The consequences of 
the crew’s actions were that fumigant socks were inadvertently distributed into the 
shore hoppers and potentially into the food chain, and the fumigant socks that were 
placed	onto	the	wet	deck	and	then	into	the	confines	of	a	plastic	bag	soon	reached	
their LFL and started to smoke. 

It	is	evident	that	the	chief	officer	was	either	not	shown	the	instructions	given	to	
the master by the FIC in Nika-Tera (Annex C and Paragraph 1.2.1) or that he 
did	not	read	or	understand	them.	However,	it	is	possible	that	the	chief	officer’s	
decision-making in Warrenpoint was affected to some degree by a lack of sleep 
prior	to	the	start	of	cargo	operations,	a	reliance	on	the	atmospheric	test	certificate	
issued by the consultant prior to the vessel’s arrival, and a pre-occupation with 
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making the short notice changes to his stowage calculations. Nonetheless, as the 
smoking	fumigant	was	unexpected,	it	should	have	at	least	triggered	the	chief	officer	
into suspending the cargo discharge and investigating the matter further. 

The fatality on board Monika in 2008 and the injuries to the crew on board Hermann 
Schoening in 2010, both of which were due to exposure to PH3 in accommodation 
areas, demonstrate that the dangers posed by fumigated cargoes cannot be 
underestimated. Therefore, notwithstanding the apparent infrequency with which the 
crew had carried fumigated cargoes, the ignorance of the fumigation process shown 
by Arklow Meadow’s	master	and	chief	officer,	and	the	scant	nature	of	the	guidance	
provided in the vessel’s SMS manual (Paragraph 1.4.2), are of concern. 

2.4 PORT PROCEDURES AND ACTIONS

WHA reacted quickly to the discovery of active fumigant in Arklow Meadow’s 
maize cargo. On seeing that fumigant had been discharged into the shore hoppers, 
the port’s operations manager and harbourmaster took a number of logical and 
positive steps which helped to limit the exposure of persons to the fumigant. These 
included:	the	immediate	stopping	of	the	cargo	operations;	the	cordoning	off	of	the	
burst	fumigant	sock;	the	call	to	the	ship’s	agent	to	confirm	the	fumigant	used;	the	
reference to the IMDG Code to determine the hazards posed by PH3; and, the 
alerting	of	the	fire	brigade.

Nevertheless, that the stevedores discharged fumigant retainers into the shore 
hoppers, the means by which they were moved from the hoppers, and the placing 
of fumigant retainers in a plastic bag, all indicate that the hazards associated with 
fumigated	cargoes	had	not	been	specifically	considered	in	WHA’s	procedures	and	
emergency plans.

Poor harvests in the UK over the last 2 years have led to an increase in imported 
grain cargoes and a corresponding increase in fumigated cargoes. This trend 
may	continue	but,	as	identified	during	this	investigation,	many	ports	other	than	
Warrenpoint, which occasionally accept fumigated grain cargoes, have yet to 
implement	procedures	and	emergency	plans	specifically	dealing	with	this	cargo	
type. Although fumigated cargoes are exempted from the requirements of DSHAR, 
this and previous accidents and incidents (Paragraph 1.11) indicate that UK ports 
must be prepared to deal with the threat fumigant poses to the health of ships’ 
crews, port workers and to other persons in close proximity. In line with the spirit 
of the PMSC this should be achieved through the development of procedures and 
emergency plans which should take into account, inter alia, the suitability of berths, 
the approval of fumigators, the disposal of fumigant (active and expired) and the 
briefing	of	shore	workers.	

2.5 THE FUMIGATOR IN CHARGE

The consultant who tested the atmosphere at the top of the cargo holds when 
Arklow Meadow	arrived	off	Warrenpoint,	and	then	confirmed	that	it	was	safe	to	
discharge	the	maize	cargo	from	outside	the	holds,	was	not	a	qualified	fumigator.	
He	had	not	been	contracted	to	de-fumigate	the	vessel	and	the	certificate	that	he	
issued (Annex B) did not take into account that the fumigant socks inside the hold 
could still be active when agitated or when coming into contact with moisture. The 
certificate	was	based	solely	on	a	snapshot	of	the	atmosphere	at	the	top	of	the	holds	
and, as such, it was misleading.
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Prior to discharging fumigated cargoes, it is logical that masters and port authorities 
are able to verify that the persons certifying that it is safe to work the cargo 
are	qualified	to	do	so.	In	this	case,	the	consultant	was	not	suitably	qualified	to	
de-fumigate the vessel as requested by the cargo’s shippers but he had been 
engaged by the ship’s agent in line with its usual practice. As a result, his presence 
on board provided a false sense of security to both the ship’s master and the WHA.

In	the	absence	of	internationally	recognised	qualifications	for	fumigators,	the	
provision	of	suitably	qualified	fumigators	is	potentially	difficult	to	achieve	in	many	
countries. To try and establish common high standards, the International Maritime 
Fumigation Organisation (IMFO) was formed by a number of fumigation companies 
in	1994.	IMFO	champions	the	“Port	to	Port”	service,	in	which	the	FIC	at	the	load	
port communicates directly with the FIC at the discharge port to provide a seamless 
service. In extreme cases, an FIC may travel with the vessel from the load port to 
the discharge port. 

However, such services are only optional. In the UK, where fumigator training is 
regulated and controlled by the BPCA, it should be possible for port authorities to 
maintain a list of fumigators who have successfully completed both the generic and 
ship-specific	sections	of	the	association’s	training	programme,	and	who	are	aware	
of the applicable national regulations and are approved to work in their port areas.  
The establishment and use of a list of ‘approved’ fumigators would give assurance to 
both ports and masters alike.

2.6 REGULATION AND GUIDANCE

The recommendations contained in MSC Circ. 1264 (Annex H) have been widely 
promulgated and are available in various publications such as the IMDG Code. 
Although the recommendations lack some detail with regard to de-fumigation, 
particularly the removal of fumigant residues, this aspect of the fumigation process 
is	clarified	in	MSN	1718	(Annex J)  and MGNs 86 and 284 (Annexes k and I).

However, the statement in MSN 1718 that where fumigation is undertaken on short 
sea voyages the fumigant might not fully decompose is potentially misleading. 
The	circumstances	of	this	case	and	the	findings	of	the	FERA	report	(Annex G) 
demonstrate that the release of PH3 is dependent on factors other than temperature, 
such as the tightness of packing and the relative humidity. Therefore, fumigant can 
remain active after longer voyages, not just short sea voyages.

Moreover, although MSN 1718 and MGNs 86 and 284 are clear, it is unfortunate that 
the information and requirements they contain is spread over the three notices. The 
notices overlap to some degree, but all must be read to gain a proper understanding 
of fumigated cargoes and the safe use of pesticides in ships. In addition, the notices 
provide little practical advice regarding the development of port procedures or 
emergency	plans,	or	on	the	suitability	of	a	fumigator’s	qualifications	and	training	in	
the UK. In view of these observations, a review and consolidation of these notices is 
warranted.
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SECTION 3 - CONCLUSIONS 

3.1 SAFETY ISSUES DIRECTLY CONTRIBUTING TO THE ACCIDENT THAT 
HAVE BEEN ADDRESSED OR RESULTED IN RECOMMENDATIONS

1. The low levels of PH3 detected at the tops of the cargo holds prior to the discharge 
of	the	maize	cargo,	and	the	issue	of	a	certificate	indicating	that	it	was	safe	to	work	
the cargo from outside the holds, were misleading. [2.2]

2. When the cargo discharge was started, the fumigant on top of the maize was still 
active, probably due to the way it was packed together with the low humidity in the 
cargo holds during the vessel’s voyage from the Ukraine. [2.2]

3. Neither the vessel’s master nor her crew were aware of their responsibilities or of 
the risks involved when carrying a fumigated cargo, and a number of safety-related 
actions were either not completed or were not completed correctly. [2.3]

4. The failure to remove the fumigant residues from the cargo holds before cargo 
operations were started, and the subsequent incorrect handling of the fumigant 
residue that was eventually removed, were pivotal to the exposure of the ship’s crew 
and shore workers to high levels of PH3. [2.3]

5. The ignorance of the fumigation process shown by Arklow Meadow’s master and 
chief	officer	and	the	scant	nature	of	the	guidance	provided	in	the	vessel’s	SMS	
manual are of concern. [2.3]

6. WHA	had	not	specifically	considered	the	hazards	connected	with	the	handling	of	
ship’s discharging fumigated cargoes in its procedures and emergency plans. [2.4]

7. Many UK ports which accept fumigated grain cargoes have yet to implement 
procedures	and	emergency	plans	specifically	dealing	with	this	cargo	type.	[2.4]

8. The consultant who tested the atmosphere at the top of the cargo holds when 
Arklow Meadow	arrived	off	Warrenpoint,	and	then	confirmed	that	it	was	safe	to	
discharge	the	maize	cargo	from	outside	the	holds,	was	not	a	qualified	fumigator.	
[2.5]

9. The establishment and use of a list of ‘approved’ fumigators would give assurance to 
both ports and masters alike. [2.5]

10. The requirements and guidance published by the MCA on fumigated cargoes and 
the safe use of pesticides include only temperature as the key factor in fumigant 
decay	and	provide	little	advice	regarding	the	provision	of	qualified	fumigators	or	the	
development of port procedures and emergency plans. [2.6]
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SECTION 4 - ACTION TAkEN

4.1 ACTION TAkEN BY THE MAIB

The	MAIB	has	issued	a	safety	flyer	to	the	shipping	industry	highlighting	the	
circumstances of this accident and the lessons to be learned (Annex L).

4.2 ACTION TAkEN BY OTHER ORGANISATIONS

Arklow Shipping has:  

• Completed its own investigation into the accident.

• Revised its risk assessments to include fumigation operations.

• Provided clear instructions for masters and crew for fumigation of 
cargoes within its SMS.

The British Pest Control Association has:

Undertaken to	maintain	a	list	of	UK-trained	fumigators	who	are	qualified	to	be	a	
‘fumigator in charge’ on board vessels carrying fumigated cargoes, and to make the 
professional details of these fumigators available, on request, to interested bodies 
such as port authorities, ships’ agents and charterers.
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SECTION 5 - RECOMMENDATIONS

The Maritime and Coastguard Agency is	recommended	to:

2013/225 In consultation with the Health and Safety Executive, the Port Skills and Safety 
Organisation, and other industry bodies as appropriate, review, consolidate 
and reissue the guidance provided to UK stakeholders on the loading, carriage 
and	discharge	of	fumigated	cargoes	to	highlight	the	importance	of:

• The potential for a fumigant to remain active due to factors such as 
temperature, relative humidity, voyage length, and fumigant method.

• The	retention	of	suitably	trained	and	qualified	fumigators	at	both	the	
load and discharge ports.

• Ships’ crews being aware of their responsibilities.

• UK port authorities having robust procedures and contingency plans 
when receiving vessels with fumigated cargoes.

The United kingdom Major Ports Group and the British Ports Association are 
recommended	to:

2013/226 Through its Marine and Pilotage Working Group, develop a revision of the 
Guide	to	Good	Practice	on	Port	Marine	Operations	to	reflect	the	revised	
guidance to be issued by the MCA, and in the meantime ensure that ports are 
aware	of:

• The potential dangers posed by fumigants.

• The	importance	of	suitably	qualified	fumigators	certifying,	where	
applicable, that the cargo can be safely discharged and that all fumigant 
has been removed and safely disposed of.

• The importance of developing procedures and emergency plans 
to cover the inadvertent or unexpected release of fumigant from a 
fumigated cargo.

Safety recommendations shall in no case create a presumption of blame or liability
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