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Many organic products require regular application of pesticide
in order to keep control of the insect populations living in them;
many diverse organic materials such as furniture, animal feed,
leather, alfalfa and tobacco can be fumigated, but it is grain
which is most commonly treated in this manner. Grain cargoes
are often stored in very large volumes, and therefore it makes
more sense to use a gas formulation of pesticide, because this is

able to penetrate deep into the commodity.

Corollary to this, ships' holds are suitable structures in which
to fumigate cargoes and this has resulted in the very common
practice of fumigating cargoes when the cargo is in transit,

which saves a great deal of time.

There are three major problems with fumigation on board ship:

toxicity, effectiveness and fire.

* The fumigants used are toxic to insects but they are
also toxic to humans and we have encountered many
instances of crew iliness or death following inappropriate
fumigation procedures and insufficient preparation for
fumigation. Safety of the crew and people operating in
the holds is the main intention of the IMO Document
“Recommendations on the Safe Use of Pesticides in

Ships”. It is imperative to follow these recommendations.
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* Whilst rarely a direct concern of the ship, the fumigation
might, for a number of reasons, fail and in these cases
the ship might well be criticised; we will discuss this later.

Fire and explosion are not common, but can be
devastating. We have direct experience of problems
arising from this. Fire can be caused spontaneously
because phosphine is combustible and, particularly if the
phoshide formulation is impure, can form spontaneously
combustible chemicals that will provide ignition. There
are few precautions that could be made by the crew, but
these are important.

Regardless of the responsibilities of the fumigator, the ship might
also be implicated in injury or fumigation failure if they have

allowed the fumigation company to operate improperly.

We propose in this article to provide a brief description of the
important technical points of fumigant usage, then to highlight
the particular recommendations and explain why they are critical

and how fumigation can fail.

Fumigants

Almost all shipboard fumigation these days is conducted using
aluminium or magnesium phosphide formulated with other
inert materials and produced in the form of small pellets and
tablets of the solid material. These small pellets or tablets are
often supplied in small sacks or “socks” for ease of deployment.
The phosphide in the pellets or tablets will slowly react with
atmospheric moisture to produce phosphine gas which is able to

penetrate the stowage.

There are many other fumigants, but many have fallen into
disuse. Methyl bromide, for example, has been implicated as a

greenhouse gas, so its use is limited or even completely banned.

The purpose of fumigation is to kill all of the insects in a cargo

space. There are many factors involved in effective fumigation:

1)_Penetration of fumigant

Fumigants can penetrate stowages, but that penetration is a very
slow process. Fumigators will apply the fumigant in the stowage

in a variety of methods, for example:
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Fumigants scattered on surface

Scattering on the surface.

Digging a trench in the stowage surface and applying the

pellets or socks in the trench.

Use of short and/or long probes to place the fumigant
deeper into the stowage.

Recirculation. The fumigators attend the ship prior
to loading to set up a system of tubing leading down
from the coaming level to the tank top. The tubing is
perforated at its lower points in the hold. After completion
of loading an electric fan is deployed in the hold at deck
level to circulate the air, with the intention of allowing

faster penetration of fumigant when it is applied.

Different methods are often prescribed for different situations.
For example, the USDA Fumigation Handbook does not
recommend surface application for stowages deeper than 12

metres.

2)_Concentration

Susceptibility of an insect to a fumigant is based on genetics and
within a given population there might be more and less resistant
insects. With fumigating, it is important to obtain a final air
concentration that will be sufficient to kill even the most resistant
insects. Fumigators should calculate the dose rate in terms of
the hold volume rather than the cargo volume. We have seen
instances where fumigation has been conducted based on the
cargo volume. In a full hold this is not much of an issue, but in a
slack hold, the dose might well be suboptimal. It is not essential

but always worthwhile the master obtaining the dose rate for each
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hold from the fumigator.

Leakages in holds are the single most common cause of
insufficient dosing. This is strongly emphasised in fumigant
manuals and in international manuals on fumigation (for example
FAO Manual of fumigation for insect control) as well as in the
IMO Recommendations, that is the Recommendations on the safe
use of pesticides in ships applicable to the fumigation of cargo
holds (MSC.1/Circ.1264 of 27 May 2008), which is published
as a separate document and as a Supplement in the International
Maritime Solid Bulk Cargoes Code, the IMSBC Code). All stress
the importance of making a structure sufficiently gas-tight by use

of sealing material such as tape, kraft paper, caulk, etc.

The consequences of this are problematic since it is possible
that the cargo will still be infested at outturn. Also, killing off
only the most susceptible individuals of a population is basically
presenting evolutionary pressure and often results in highly
resistant strains of insects. This is becoming a major concern

internationally.

3)_Time

It is not only the concentration of the material, but the exposure
time which is also critical. This is particularly important
with phosphine which is only absorbed slowly by insects.
Experimentation has demonstrated which combinations of
exposure duration are effective, and manuals describe appropriate

durations.

4)_Temperature

The temperature of the grain to be fumigated has a lot of bearing
on the duration of fumigation. Since both reaction of phosphide
with moisture and respiration of insects will be swifter at higher
temperatures, a commensurately shorter fumigation time is

recommended.

The converse is true, but fumigation manuals tend not to
recommend phosphine fumigation at very low temperatures.
This can be very dangerous. We have experience of a cargo
loaded in northern Europe in winter when the cargo temperature
was less than 0°C. The fumigant had not reacted at all after
the 2 week voyage but began to react when the ship reached a
warmer climate and the crew began aeration in accordance with

the fumigator’s instructions. Luckily, nobody was injured and



B H D T3 TNTRIEF ISR IR & D 74
LT, 40ka—ua vy XTc0C%E TR ZRMED
e L7 2 3H [ o fiie i v R 2 03 4 < BUG
9 RARDEEA VI A o Th S HEAEF] 2SS L
(G, FMBITEAZE ORI VIRR Z T 5727 —
2B F L7z FORMBIRER T, FMmEHD
Bz W72 2 LT AR OB WM AT 2 Lo
Mok L7z RIRAIEF IR AL MR, Mz
HIDIZDOMETHMEHRETH 2 7>, JEARF IR T
BUVENHY T,

R
SN

2N

ED XD HIRPLTHIEAZ T B OWEE %2 W w3 X
ETHY. ZOWERREFHIKHT S L) HEAES
WCEFTAIRETY, MEARICEKLZGAEOTEOR
SR L 130, BWICHED D - 2BoHAE - 1
Wiz &> TL X9,

nROEE

MR, EAFZEYICRET LI EICOVWTOR
FiZdh ) FREAD, BEICKK L) AGERFEL
7o L7oa, BB bR 2 W REED B
DE$. IMOBIHRZEMOMEEHNE LTWET
A, THICEBALHED T EATHRAUTRY Y 7
RN T3, ST TORED S, HEHEIEM
LA AEERRAE LA, BRIHRER—H
TOREEAMbIL S Z &L Z#TA7-DICHERI NS5
DY ETo TNIVEBRICHST2r—A%2Wn<D
ML 3% MR L FEMEIL IMO B Z X (R
3 nbZamd BEHOLET,

FRZZAE, BN TOMZ KIS X 2 ke il
2G| & B THA 2 AT ) Tk o 2B H ) £

Q

1) BRCHERLMBSR

EE55DHEICKDERETOLESE
e HHBHLEXITNH?

COHEIRMBEOBNRLEH B E R EDT0
BAETED I VITbhTWEEAD, EAF ORI
Xo TR INDPME—DIEELRD T,

JAPAN

» JAPAN P& 1 CLUB

a fumigator was available at the discharging port to dispose of
the unspent fumigant. If the weather is very cold, it is definitely
worth the master checking with the fumigator that the fumigant

can be deployed at that temperature.

In any case, the fumigator should have taken the cargo
temperature and it is worthwhile asking him to record this on
the fumigation documentation. Not only is this useful when
investigating if fumigation is found not to have been successful,
but it also can assist with assessment and investigation of cargo

problems.

The master’s responsibilities

The master is not responsible for the correct deployment of
fumigant but might be criticised for failed fumigation and most
likely will be criticised if there is a personal injury on board.
The advantage of following the IMO Recommendations is that
although they were designed for safety purposes, if followed
properly, they should also result in effective fumigation. There
are other recommendations — based on our own experience - for
masters and chief officers for avoiding later criticism for failed
fumigation or a personal injury. The following is a commentary
on the recommendations with a few examples from real situations
with which we have been involved, but we would highly
recommend the master and crews familiarise themselves with the
IMO Recommendations.

There are two methods of fumigation: fumigation with aeration

(ventilation) in port and fumigation continued in transit.

Which of the two methods do
e you have experience of?

1)__“Fumigation with_aeration

(ventilation).in.port”

This is a rarely practiced method in current times because of the
inevitable delays and expense involved, but for some fumigants it

is the only option.

In this method, the crew are vacated from the ship with only a
watchman present. The crew can only return to the ship when

spaces (such as accommodation, engine room, etc.) have been
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declared gas-free in writing. Nevertheless, the fumigator can
request assistance from the crew with, for example, opening hatch
covers to assist aeration after fumigation has been conducted. In
this case, the crew must be provided with appropriate respiratory

protection.

Any spaces to which the crew have been permitted to return
(including the weatherdeck) must be monitored by the fumigator
and evacuated if the fumigant concentration exceeds safe

exposure levels.

The final clearance certificate should only be provided when the
fumigant has been shown by gas testing to be insignificant in the
fumigation spaces and any adjacent working spaces. The ship can

only leave the port when this certificate is received.

The only situation under which anyone should enter a cargo
space under fumigation is when there is an extreme emergency.
In this case, the fumigator and at least one other person, both
wearing appropriate protective equipment and a safety harness
and line, should enter and they should be attended by similarly
equipped persons outside the space. This applies also for
fumigation during transit once the fumigator has departed the

ship (see later).

2)_“Fumigation_continued.in
transit”

It is imperative that fumigation during transit is conducted only
at the discretion of the master. There should be a good reason
for not allowing it, however, or there might be a dispute with the

charterers for delays.

What equipment and infor-
e mation is carried on board your

ship in order to be ready for the

fumigation of a cargo?

a)_Preparation for fumigation
The ship should carry the following:

* Appropriate serviceable gas-detection equipment,

with instructions on how to use it and the relevant
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Gas detection equipment and related documents

occupational exposure limits .

e Instructions on how to dispose of the residual fumigant
material (which should be supplied by the fumigator).

¢ At least four sets of appropriate respiratory protection

equipment.

* A copy of “Medical First Aid Guide for Use in Accidents
involving Dangerous Goods” and the appropriate

medicines and equipment.

b)_Prior to_loading

Before fumigation is conducted, one officer and one other

crew member, both of whom have been trained, (i.e. shown

the information on the fumigant Safety Data Sheet and the

instructions for fumigant use), should be designated as the “trained

representatives of the master”. These representatives must:

* Brief the crew to advise them what is going to be done on
board before a fumigation takes place. After which they
should inform the fumigator-in-charge that the crew have
been briefed.

e Carry out inspections before loading. The fumigator-
in-charge together with either one of the trained
representatives or a competent person should determine
whether the holds to be treated can be made sufficiently

Threshold limit value (TLV) — time weighted average
(TWA) is based on an 8hr working day exposure. The short
term exposure limit is based on a 15 minute exposure. These are
different from country to country, but mostly, for example, for
phosphine the TLV-TWA is 0.3ppm and the TLV is 1ppm.
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gas-tight — remembering also associated spaces, the
bilges, for example. Empty cargo spaces should be
inspected or tested with instruments so that proper
sealing can be conducted.

e Continue monitoring the gas levels in accommodation
and working spaces after the fumigator has left the ship.

Once the initial inspections and testing have been completed,
the fumigator should supply the master with a signed document

stating:

¢ That the inspection has been conducted.
* What provisions have already been made.

e That the holds are, or can be, made satisfactorily gas-
tight for fumigation.

If holds cannot be made sufficiently gas-tight, a signed statement

to this effect should be supplied to the master.

Are the weather-deck hatch
e covers in good condition such
that they can easily be made
satisfactorily gastight for

fumigation?

Although these provisions are often essential for an effective and
safe fumigation, we have seldom seen any such documentation.
This should be insisted upon by the master since he might
attract criticism and some responsibility for not doing so if
fumigation is ineffective or there is a personal injury as a result
of unsatisfactory inspections and/or tests. We have direct
experience of the death of a crew member whose cabin was
situated above the after cross deck of a fumigated hold. Toxic
levels of phosphine gas entered his cabin some time after
fumigation commenced. If proper testing had been conducted

prior to loading then this might have been avoided.

C)_Prior to_and._during
fumigation

Prior to fumigation the fumigator should notify the master in
writing which cargo spaces are to be fumigated and which other
spaces he considers to be unsafe (cofferdams, tanks, etc). The

fumigant will then be applied in accordance with the notification.
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Although masters and crews cannot be expected to profess any
expertise on fumigation, we would strongly recommend they
keep a record of how the fumigant is deployed (e.g. surface
application, probe application, etc.) and how densely the
fumigant is scattered (e.g. dumped in one location, scattered
in one area, etc.). Photographs of the deployment of fumigant
would be ideal. This can be useful when addressing questions at
a later date if there has been a fumigant fire and/or inefficacy of
fumigation.

The fumigator will then seal the holds. Photographs of the
materials used by the fumigator to seal holds while he is

deploying it are also very useful.

d)_Following fumigation

Following fumigation, the fumigator-in-charge accompanied
by a trained representative should make checks for leaks which
should be sealed. Of course, many of the most commonly used
fumigants will react slowly and might not reach detectable levels
for some time after deployment. The IMO Recommendations
state that in this case the ship should remain in port or at
anchorage, or the fumigator should remain on board” until
the fumigant has reached detectable levels. In our experience,
charterers are often outraged at these delays and/or this extra
expense, but they should be informed clearly that it is impossible
to detect leaks without sufficient in-hold gas concentration and
not waiting for this to be done is a very hazardous mistake. We
have experienced several instances of crew death that would have
been prevented if proper testing and sealing had been conducted
following fumigation and — as usually happens — the fumigator

had not left the ship a few minutes after deploying the fumigant.
If leakages are found, they should be sealed.
The fumigator must provide a statement in writing stating that:

e The gas levels are sufficiently high to be measurable.

* Spaces adjacent to treated spaces have been found gas-
free (having inspected them with a trained representive).

e The trained representatives are fully conversant with the
use of gas-detection equipment (having checked that the
gas-detection equipment and the respiratory equipment
is all in full working order).

2) It might be the case the fumigator stays on the ship until the
cargo is off-loaded if the voyage is short.
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When the fumigator has conducted his work, he should formally
hand over in writing responsibility for maintaining safe

conditions. Again, we rarely ever see this document on ships.

When fumigation of a cargo
Qo has been carried out, has the
fumigator in-charge provided all
the correct documents and has
he always carried out all the
necessary procedures?

The trained representatives should make gas concentration
measurements at 8-hourly intervals in all common working
spaces, accommodation and stores which are adjacent to
cargo spaces under fumigation. This is absolutely critical, but
unfortunately it is seldom conducted. We have experience
of deaths when this has not been conducted and we also have
experience of a crew member detecting a leak (at an unsealed
manhole gasket linking the accommodation to hold no.5) and,
happily, preventing intoxication of the crew. Regarding the
previous case of the crew member’s cabin being above the cross-
deck of the fumigated hold - his death could have been avoided
had the proper checks been conducted.

Masters should make it very clear to their trained representatives
that they are responsible for preventing serious illness or even
death and must scrupulously take gas readings and then record

them in the deck log book.

What is not mentioned in the IMO Recommendations is
monitoring the status of fumigation. This is simply noting on
a daily basis in either the deck log and/or the ventilation log
that the hatch covers, manholes and vents remain sealed for
fumigation. We have had cases where Charterer’s lawyers have
construed a lack of such information as suspicion that the cargo

had been ventilated/aerated too early.

Q What ventilation records are
e kept on board your ship?

e)_Aeration

Also critical when the period of fumigation is at an end is that

proper aeration is conducted so that cargo spaces are safe to enter

_‘|O_
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in good time before arrival at the discharging port, otherwise

there may be delays.

The fumigator should have provided instructions on how long to
fumigate and when aeration can take place. Frequently, however,
fumigation can continue for the entire voyage. In either case,
not less than 24 hours before the ship's arrival, the master should
inform the discharge port authorities that the cargo is being

fumigated in transit.

In any event, before entry of any personnel into any treated
holds, fumigators or other authorized persons with appropriate
protective equipment should monitor cargo spaces, and their
findings which should be recorded in the deck log book. Only
when the cargo spaces are measured to be safe should workers
be allowed in them, otherwise they should be provided with

appropriate protection.

Q What information is kept on
e board your ship, and where are
the details recorded?

f)._Documentation

All documentation noted above should be collected scrupulously
by the master and in addition they should be checked carefully
and any inconsistencies should be dealt with there and then
by the master. For example, we have had a major inspection/
fumigation company provide a “Gas-Free Certificate” headed
proforma instead of the Certificate of Fumigation which is

potentially disastrous.

We would also strongly recommend that the master prints out
the “Model checklist for in-transit fumigation”, which is in the
IMSBC Code Supplement (pages 450 to 451), that he carefully
fills it in with the fumigator-in-charge at every stage and that

both parties should sign.

_'I]_



HSbHbIc

Conclusions

R ZEEEI AT > T0 Ay — AW T3, iz ¥
) NI €570, Wk LIRS Mo TS
CENZOMETL X ), BMYILRMEEZITH Z LI3E
ME, INZE L TEYOREDIZDIZATRTH D,
MR OEHELRF = v 7T A M MEIITH) 2 LHE
WICEETY, EAAIEHTHY., GHREMWETH
LELTHYFEbNRTNIERD FEA, MNTOIE
CHRR NFEEOFA L, EYICHEEEIT) 7200
B ERERICHRL T, W RIZ2 2 K& k%
BT, o BHZET WS ) 7

S 612, B TERDPE I S NI KIE 2 R EEDA:
Uy RRICIEBEYOZTM) 2IHEGR SN L3 2H D
9. ZOMEEA. BEIAROBELSH b E T,
CNFETICHMLATHICEEIIRZIETZIO L) 25
REZET 22 EHRETL LD,

Fumigation is rarely conducted perfectly but there is no excuse
for this, the normal reason being commercial pressure to have the
ship leave port on time. Proper fumigation practice is essential for
the safety of the crew, ship and cargo, and it is essential that these
simple checks and tests are conducted. Fumigants are poisons
and as such must be respected as being the highly dangerous
materials they are. Shipboard deaths and illnesses are potentially
commercially far more damaging and time-consuming than is

taking the time and effort to conduct the fumigation properly.

Furthermore, any infestation found at the discharging port can
cause significant delays and even rejection of the cargo, and
those are typically blamed on the ship. The careful following of

the procedures outlined above can help circumvent any criticism.
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