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Fumigation caused explosion
The bulk carrier had loaded yellow corn in 
all its cargo holds up to the hatch coamings. 
After the loading was complete fumigation 
technicians came onboard and fumigated 
the cargo with fumitoxin pellets. As per the 
cargo documentation, the fumigation pel-
lets were required to be applied subsurface, 
but they were not applied subsurface as the 
technicians poured the pellets from flasks 
while walking on the hatch coamings or 
hatch covers. This work took a little more 
than an hour and afterwards all the cargo 
hatches were closed and the vessel sailed.

A couple of hours later an explosion occurred 
in hold no 3. The crew noted that the hatch 
covers had moved slightly and blue gray 
smoke was seen coming from under the 
edges. About an hour later another explosion 
occurred. This time it was from hold no 4 
and a couple of minutes later an explosion 
occurred in hold no 6. There were explosions 
in the remaining holds no 1, no 2, no 5 and 
no 7 shortly afterwards.

Fumitoxin pellets and similar fumigants 
are made up of around 55% aluminium 
phosphide, ammonium carbamate and inert 
materials. The aluminium phosphide reacts 
with water to produce phosphine which is 
extremely toxic and an effective fumigant. 
Under normal conditions, phosphine is 
a gas which is slightly denser than air. It 
is colourless and has an odour variously 
described as “fishy”, “garlic-like” or “like 
carbide”.

Phosphine gas will form an explosive (or 
flammable) mixture when mixed with air at 
a concentration exceeding around 1.8% to 
2% by volume (lower flammable limit). The 

concentration of phosphine in the air in each 
of the holds exceeded this lower flammable limit.

The probability of the phosphine 
concentration exceeding the lower flammable 
limit is increased if pellets are allowed to 
accumulate in a heap, as opposed to being 
spread out across the surface of a cargo, or 
buried in the bulk of the cargo.

In this case the above-mentioned flam-
mable phosphine/air mixture spon-taneously 
ignited, due to the presence of trace amounts 
of diphosphine in the phosphine/air mixtures. 
The fumigant pellets in each hold had not 
been distributed across the entire cargo 
surface, or applied to the subsurface but had 
been applied by simply pouring the pellets on 
top of the cargo. 

This method of application had likely 
permitted the accumulation of the pellets in 
limited areas and promoted a relatively rapid 
reaction of the pellets with moisture, thereby 
generating concentrations of phosphine gas 
above the lower flammable limit. This then 
lead to the explosions.
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Discussion
Go to the “File“ menu and select “Save as...“ 
to save the pdf-file on your computer. 

You can place the marker below each ques-
tion to write the answer directly into the file.

1. What were the immediate causes of this accident?

2. Is there a risk that this kind of accident could happen on our vessel?

3. How could this accident have been prevented?

4. What sections of our SMS would have been breached if any?



Monthly Safety Scenario

6. Does our SMS address these risks?

7. Do we have procedures for fumigation?

5. Is our SMS sufficient to prevent this kind of accident?

8. Would our procedures have prevented this accident?
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9. Is everyone involved in the cargo operation aware of these procedures?

10. Would this loading have been in accordance with our procedures?

11. If procedures were breached, why do you think this was the case?

12. How are near misses shared within the company?

13. What do you think was the root cause of this accident?
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 y The crew need to ensure that the fumi-
gation pellets are distributed as per the 
cargo documents. 

 y The Manager should ensure that the 
crew is aware of the requirements and 
procedures for the fumigation operation. 

 y The process of self-heating is exacerbated 
if pellets are allowed to accumulate in a 
heap. Spreading out the pellets will reduce 
the self-heating tendency and result in 
lower temperatures and slower rates of 
phosphine generation. 

 y Because the pellets were distributed 
in heaps this resulted in a significant 
accumulation, which in turn promoted 
self-heating and unusually rapid gene-
ration of phosphine gas in the holds’ 
head spaces.

Issues to be considered after the discussion

 y A significant fire and explosion risk exists 
if the concentration of phosphine gas in 
the air exceeds the lower flammable limit 
concentration of about 1.8% to 2% by 
volume. 

 y If an explosive or flammable phosphine/
air mixture is enclosed in the head 
space of a cargo hold and undergoes 
spontaneous ignition, a flame will propa-
gate through the flammable mixture, 
leading to an increase in temperature 
and a concomitant increase in pressure 
(overpressure). This process is usually 
termed a volume explosion and the 
over-pressures generated in the process 
are capable of lifting hatch covers and 
damaging structural elements such as 
bulkheads.
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