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On 22 July 1991, the Netherlands
flag livestock vessel Zebu Express
was lying at anchor in Darwin
Harbour. The Master and Second
Mate had left the ship, the Chief
Officer being the Officer in Charge.

In the morning the Chief Engineer
and Second Engineer began working
in the bow thruster compartment,
cleaning the electrical motor of the
bow thruster.

Early in the afternoon the Chief
Engineer observed the Second
Engineer to be in physical difficuity
in the lower part of the compartment
and raised the alarm. He then made
several attempts to assist the Second
Engineer, entering the compartment

without using a breathing
apparatus.

Both the Chief Engineer and Second
Engineer collapsed in the lower part
of the bow thruster compartment.
Attempts to rescue the two men were
made by the Assistant Engineer,
wearing a self-contained
compressed-air breathing apparatus,
but he was unable to effect a rescue.

The bodies of the Chief Engineer and
Second Engineer were eventually
recovered from the bow thruster
compartment by members of the
Darwin Fire Service.

A surveyor of the Australian
Maritime Safety Authority conducted
an investigation into the incident
under the provisions of the
Navigation Act.



The Inspector’s report is based on the
surveyor's report, which included
details of interviews with:

Zebu Express - Chief Officer, Assistant
Engineer;

Northern Territory Work Health
Authority Officer;

The Senior Station Officer, Darwin Fire
Station;

Burns Philp Agencies Representative,
Darwin.
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The Netherlands flag livestock carrier
Zebu Express is a relatively small
vessel, 81.72m in length, with the
bridge well forward, overlooking the
forecastle. At the time of the incident the
ship was in class with Lloyds Register.

The ship arrived off Darwin, in ballast,
on 16 July 1991 and proceeded to the
anchorage, to await the next cargo. On
18 July both the Master and the Second
Officer were repatriated, the Dutch
Chief Officer becoming the “Officer in
Charge” of the ship and the sole deck
officer remaining on board. Other crew
on board included the Chief Engineer
and Second Engineer, both of whom
were Dutch nationals, and eight
Indonesians.

A small crack had been discovered in
the bulkhead between the fore-peak
ballast tank and the bow thruster
compartment, through which seawater
sprayed on to the bow thruster’s
electrical motor. The fore-peak tank
was pumped out and the crack
repaired.

On the moming of 22 July, the Chief
and Second Engineers started to clean
the bow thruster’s electrical motor.
Equipment taken into the bow thruster
compartment included a bucket
containing some “Drew Electric”
electrical cleaning fluid, two paint
brushes, a small compressed-air spray
gun with an integral, one-litre canister,
and a small portable fan.

The ventilation fan for the bow thruster
compartment was powered from the

main shaft generator, operated only
when the main engine was running.
There was, therefore, no fresh air
ventilation in the compartment while
the men were working on the motor.

The two engineers removed the steel
cover of the electric motor and
proceeded to dry and clean the motor,
breaking for Iunch at about 1200.

At about 1400, the Chief Officer, who
was working in the wheethouse, heard
the Chief Engineer calling for help,
saying that the Second Engineer was in
difficulty in the bow thruster
compartment. He alerted the crew,
detailing some of them to collect the
breathing apparatus {from the
fireman’s outfit), and then proceeded to
the forecastle space.

The Assistant Engineer, who was
working on deck, was alerted by the
Chief Officer. He went to the forecastle
space, where he noticed a strong smell
of electrical cleaner. He saw the Chief
Engineer climbing out from the bow
thruster compartment hatch, suffering
from the effects of the fumes. He
assisted the Chief Engineer to the area
beneath the forecastle space hatch,
where he took a few deep breaths of
“fresh” air.

Apparently revived, the Chief Engineer
then pushed aside the Assistant
Engineer and climbed back down into
the thruster compartment. The
Assistant Engineer followed,
descending to the middle platform
level.

The Second Engineer was seen sitting
on the bow thruster tunnel, obviously
suffering from the effects of the fumes.
The Chief and Assistant Engineers




were unable to reach him because of
the fumes and had to climb back up
into the forecastle space. The Chief
Engineer had become very distressed,
gasping for breath, but after taking a
few gulps of air beneath the forecastle
space hatch, he again descended into
the bow thruster compartment, this
time getting into difficulty himself.

The Assistant Engineer, assisted by the
Chief Officer, donned the self contained
breathing apparatus brought by a
seaman, and some of the crew collected
a length of rope to assist the rescue.
The Chief Officer returned to the
wheelhouse to call for assistance from
ashore, while the Assistant Engineer
climbed down the ladder into the bow
thruster compartment. However, the
fumes were getting into the mask of
the breathing apparatus and he had to
climb out again. After adjusting the
straps on the mask, he made a number
of attempts to go to the assistance of
the two men, but each time felt he was
being affected by the fumes and had
retreated.

On one of his attempts to reach the
two men, the Assistant Engineer saw
the Second Engineer topple from his
sitting position on the tunnel and fall
into the water in the bilge. He also saw
the Chief Engineer fall while trying to
climb the ladder to the forecastle space.

A number of the crew donned
respirator masks, normally used when
fumigating the livestock pens with
Pestigas, but found these to be

ineffective. Some of the crew members
began vomiting as a result of exposure
to the fumes.

The Chief Officer made a general call on
VHF channel 10, (the local calling
channel) at about 1415, advising that
there was an unconscious person in the
bow thruster space and that assistance
was needed. This call was heard at the
Burns Philp Agencies’ office in Darwin
and relayed to the St john Ambulance
Service. About 10 minutes later, having
been advised of the Chief Engineer’s
fall, the Chief Officer made another
broadcast over the VHF, advising that
there were now two unconscious

people in the bow thruster
compartment. This information was
also passed to the St John Ambulance
Service, from where it was relayed to
the Darwin Fire Station, where the time
of the notification was logged as 1432.

Fire and ambulance service personnel
proceeded to the vessel aboard the pilot
boat, but found their breathing
apparatus too bulky to effect an entry
into the bow thruster compartment. At
1445 a request was made to the fire
station to send the air line breathing
equipment, consisting of a wheeled
battery of compressed air bottles, a
filter system and an air hose on a reel.

Firemen, using the air line equipment,
entered the bow thruster compartment
at 1552, the body of one of the
engineers being removed from the
compartment at 1623, the body of the
other at 1649.



Ao ap|s
MIROQEIS UOHONS BAG

a
L]
-
-]
e ]
wt
v
L]

1a [«1 8L 7L L L o 8y Yy 9 At oY i ]

$'9d YUel 15€(2q LIOR0q &janog md

- an

T
]
]
e e e —
t
|
|
|
|
i

e

I/ MS
3 S84 ue i5ej1eq BUIM ZON
S v
MIa i - i S i e L S
t
- ]
d
AUELISEIRE | jonagy | dnop _ _ N
wead siod | weys | Jse[eq S79d duel Fupm pd osalLeg : MS IMED SR Huey 1sejieq Bulm ToN
— .
L | [
.

|
l
I_
|
L
i
i
———{—_—
i
|
i
|
|
I
1
|
|

mﬁﬁwﬂ :
:r11|11|1s||4|tli||1\_._\1..,_\nr ~—I7 == I.Hhul_lllrllllaﬂmr.wﬂf,_.,
. ._.“r_n_,f w\;- me . I.wqm__p i
= L HO €L [ I

General Arrangement - Forward Section

o LDET @/! SES iH_,Hm_._ __._m_.




{(aYvMHO4 DNDIOOT) 88 JWVYS IV NOILDAS

|suuny 15n4Y1 Mmog -
19A3] Ja1em a3)g

Buises ue) uonoenaq

LI T TTL

9A9] Bunesd wioneld

Y30

vieyd piecqlels /. 19%20| Uley? 1104

IENEENREE

|
|
|
|
|
|
|
m
|
|
|
|
|
| /

N

aoeds 3115209104 adid uole|nuaA |eIMeN

yoiey mmmoo+
oy edwos GE_: mog
adid vone|luaA [RInjeN

08P UIBW

Diagrammatic Arrangement of Bow Thruster Compartment

ysiey ssasoe
21015 3)15EI510]

|
|
|
|
|
JOADD UMCP Mally 1/ 1300 UMOD MRIDS




Bow thruster compartment

The forward bow thruster
compartment is an enclosed space
located between the fore peak tank
and deep tank, beneath the chain
lockers and accessed by a trunking
located between the two chain
lockers. Access to the trunking is
through a hatch located within the
forecastle space, itself an enclosed
space accessed through a hatchway
on the main deck.

Two air ventilation pipes, fitted with
screw-down mushroom covers and
located one on either side of the ship,
lead down from the main-deck into
the compartment. An electrical fan is
located within the compartment itself,
fixed to the framing beneath the
starboard chain locker. The fan is not
provided with any trunking, but is
fixed so as to direct the airflow
towards the after starboard corner, to
the bottom of the starboard air pipe
leading to the main-deck. When
operating, the fan generates a cooling
air flow, down the port air ventilation
pipe, across the bow thruster motor
and up the starboard air ventilation

pipe.

The electrical supply cabies for the
fan are directly coupled to the main
contactor starting circuits of the main
bow thruster motor, located in the
forecastle space. The fan does not
have a separate start/stop
arrangement. Under normal operating
conditions, the fan automatically
starts or stops with the supply of
power to the bow thruster motor.

The bow thruster motor is fed from a
selector switch on the main
switchboard and the only electrical
supply to that selector switch is from
the main engine driven shaft
alternator. With the main engine and,
therefore, the main shaft alternator
stopped, there is no power supply to
the bow thruster motor contactor box
and, therefore, the fan is inoperative.

The ventilation system of the bow
thruster compartment was designed to
comply with Classification Society
requirements and was adequate for
the purpose of cooling the bow
thruster unit. However, it was not
available at times when maintenance
work was being carried out on the
unit, when chemical solvents and
cleaners might normally be expected
to be used.

It is considered that some form of
mechanical, fresh-air ventilation

should be available for use during
maintenance work in such spaces.

Drew Electric cleaner

On board the Zebu Express was a 20-
litre drum of Drew Electric, purchased
in Singapore. Drew Electric, a product
marketed by Drew Ameroid Marine
Division, New Jersey, United States,
and manufactured under licence in
Singapore, is a commonly used
electrical-component cleaner, consisting
mainly of 1.1.1-trichloroethane.

No detailed information on the
chemical was provided with the drum,
but a label on the drum provides
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Drew Electric Label




instructions on use and First Aid, and
carries a hazard warning. The
instructions describe Drew Electric as
a

“.. safe (non-flammable) cold
cleaning chlorinated organic
solvent, to be applied undiluted as a
soaking or dipping solution, by
brushing, wiping with a clean cloth,
or by spraying with a hand spray
gun.”

The hazard warning advises that Drew
Electric is harmful if inhaled;
excessive inhalation may be toxic.
Users should:

“... not breathe vapor or mist - use
with adequate ventilation - in case
of spill, evacuate area, provide
maximum ventilation and only
personnel with proper respiratory
equipment should be permitted in
the area.”

Information on 1.1.1-trichloroethane
is available in the ICS Chemical Guide.
Although the threshold limit value
(TLV) is detailed as being only 350
parts per million (ppm)}, the effect of
the vapour when inhaled is described
as being :

“... moderate irritation of air
passages plus moderate narcotic
gffect with dizziness, headache,
nausea and drowsiness”,

and the chemical is stated to have:
“No significant hazard”.
However, under “Emergency

Procedures”, for where vapour is
inhaled, the instructions are to:

“... remove victim to the fresh air. If
breathing has stopped or is weak or
irregular, give mouth to mouth or
mouth to nose resuscitation.”

More detailed information is contained
in literature of the Canadian Centre for
Occupational Health and Safety. Under
“Inhalation” the advice is:

“High levels (above 900 ppm) of
1.1. I -trichloroethane can depress
the nervous system and cause
headache, dizziness and fatigue.
Impaired performance gof
behavioural tests was also reported
at these concentrations. The results
of the tests came back to normal
within a_few minutes following
cessation gf exposure. At very high
levels (greater than 5000 ppm),
1.1.1-trichloroethane can cause
UNCONSCIOUSNESS, respiratory
depression and death. Several
deaths resulting from exposure to
high levels of 1. 1. 1-trichloroethane
in confined spaces have been
reported.”

Calculations {see Attachment 3)
indicate that one litre of Drew Electric
would be sufficient to cause a vapour
concentration in the bow thruster
compartment sufficient to cause death.

It is considered that the hazard-
warning label on the Drew Electric
drum did not fully reflect the dangers
inherent in the chemical. The word
“safe” was misleading, referring only
to its non-flammable properties.
1.1.1-trichloroethane is extremely
unsafe in confined spaces where
ventilation is inadequate. While this
hazard was noted, the general
impression of the wording did not




fully impart the danger of
asphyxiation.

It is further considered that the owners
of the Zebu Express should have
ensured that the ship was provided with
all available safety data on the chemicals
placed on board for domestic use. In this
context, it is considered the data on
1.1.1-trichloroethane contained in the
ICS Chemical Guide is inadequate as it
does not indicate under the headings
“The Main Hazard” and “Effect of
Vapour” that vapour may cause
asphyxiation.

Actions

Whether the Drew Electric was used
during the morning is not known, but it
was evident that the spray gun was used
at some time to spray the cleaner on to
the electric motor. Use of the spray gun
would have caused the cleaner to
evaporate much more rapidly than if
applied by brush and with no, or
inadequate, ventilation, a toxic
atmosphere would have been generated
quite rapidly.

From the described actions of the Second
Engineer, it is evident that he was
affected by the vapour, to the extent that
he was unable to climb out of the
compartment and eventually became
unconscious, toppling into the water in
the bilge.

It is considered that the Second Engineer
died as a result of becoming asphyxiated
by accumulated vapour produced by the
Drew Electric being used in a confined,
enclosed space without adequate
ventilation.

Although raising the alarm, the Chief
Engineer, realising that the Second

Engineer was in trouble, entered the
compartment without waiting for
assistance and without donning a
breathing apparatus. Even after having
to retreat because of the toxic
atmosphere, and despite being affected
by the vapour himself, he again entered
the compartment, still without a
breathing apparatus. In his re-entering
the space, it is possible that the Chief
Engineer’s judgement might have been
impaired because of the fumes he had
inhaled.

It is considered that the Chief Engineer
also died as a result of being
asphyxiated by the accumulated toxic
Drew Electric vapour when he went to
the assistance of the Second Engineer
without donning breathing apparatus.

Although the Chief Engineer made it
known to the Chief Officer that he and
Second Engineer would be working in
the bow thruster compartment, the
procedures for entry into, and working
in enclosed spaces were not followed. A
small portable electric fan was taken into
the compartment, but it was inadequate
to provide proper ventilation for the bow
thruster space.

There was no check-list procedure in
place on board, no communication
system was set up, no crew member was
detailed to assist and maintain a safety
watch on the two men working in the
compartment, and no rescue apparatus
was placed near to hand, ready for use.
This resulted in the Second Engineer
being unmonitored in the bow thruster
compartment for some considerable time
after unch, in which time he became
affected by the toxic vapour.

There are safety procedures for the safe
entry into, and rescue from, enclosed




spaces, which are well publicised
throughout the maritime industry. The
deaths of the two engineers resulted
from their failure to follow these
procedures.

The Assistant Engineer, realising that
the atmosphere in the compartment was
toxic, donned the self contained
breathing apparatus, but despite several
attempts to reach the two collapsed
men, was defeated due to the vapour
getting inside the face mask.

From the evidence of the Assistant
Engineer, he had received very little
training on board in the use of self
contained breathing apparatus, not
having worn one since he was on his
previous ship.

The Chief Officer, as the Officer in
Charge and the sole deck officer,
correctly passed information to the
shore, advising of the emergency.
Initially, he was aware that the Chief
Engineer was organising the rescue, but
was apparently not aware that the Chief
Engineer had entered the compartment
without the breathing apparatus.

In fact, he was not aware of the
situation until he returned to the

forecastle space and received a report
from the Assistant Engineer. He then
realised the need to pass the updated
information to the shore authorities, so
had to leave the rescue attempt to the
Assistant Engineer, supported by the
crew. As the Assistant Engineer was the
one trying to effect the rescue, there was
no officer in charge to fully organise and
direct the rescue attempt.

It is considered that the on-board

operational procedures were deficient in
that:

e  The crew had not been properly
trained in the use of emergency
equipment, specifically the
breathing apparatus, and in
emergency procedures.

*  The officers failed to implement
standard safety procedures for
when working in an enclosed
space.

It is further considered that the absence
of the Master and the Second Officer
significantly reduced the capability of
the crew to deal with the emergency
situation that arose.




The deaths of the two engineers
resulted from their failure to follow the
well publicised safety procedures for
safe entry into, and rescue from,
enclosed spaces.

It is considered that:

1

The Second Engineer died as a
result of becoming asphyxiated by
accumulated vapour produced by
the Drew Electric electrical cleaner
being used in a confined, enclosed
space without adequate
ventilation.

The Chief Engineer also died as a
result of being asphyxiated by the
accumulated toxic Drew Electric
vapour when he went to the
assistance of the Second Engineer
without donning breathing
apparatus.

The on-board operational
procedures were deficient in that:

* the crew had not been properly
trained in the use of emergency
equipment, specifically the
breathing apparatus, and in
emergency procedures;

» the officers failed to implement
standard safety procedures for
when working in an enclosed
space.

The absence of the Master and the
Second Officer reduced the
capability of the crew to deal with
the emergency situation that
arose.

Some form of mechanical, fresh-
air ventilation should be available
for use in bow thruster
compartments, to provide for
periods of maintenance work
involving chemical solvents and
cleaners.

The hazard-warning label on the
Drew Electric drum did not
accurately reflect the dangers
inherent in the chemical. The word
“safe” was misleading, referring
only to its non-flammable
properties. Drew electric is
extremely hazardous in confined
spaces where the ventilation is
inadequate. While this hazard was
noted, the general impression of
the wording did not fully impart
the danger of asphyxiation.

The Owners should have ensured
that the ship was provided with all
available safety data on the
chemicals placed on board for
domestic use.

The data on 1.1.1-trichloroethane
contained in the ICS Chemical
Guide is inadequate in that it does
not indicate, under the headings
“The Main Hazard” and “Effect of
Vapour” that vapour may cause
asphyxiation.



ATTACHMENT 1

Name of Vessel:
Flag:

Port of Registry:
Official No:

Call Sign:

GRT:

Length OA:

Keel Laid:

Shipbuilder:

Type of Vessel:

Classification:

Managing Agents:

Crew:

Zebu Express
Netherlands

Breskens.

17038 Z Rotterdam 1984
PIWD

1011.07

81.72m

1982

J. W. Cook and Co
Wivenhoe, England

Motor Livestock Carrier

Lloyds Register
+100A1 +LMC UMS

VROON BV
PO Box 28, Breskens,
The Netherlands

5 Dutch
8 Indonesian




ATTACHMENT 2

Cargo Ship Safety Equipment
Certificate

The Cargo Ship Safety Equipment
Certificate was issued at Brisbane,
on 26 February 1990 by the
Australian Maritime Safety Authority
(then the Department of Transport
and Communications) at the request
of the Government of the
Netherlands.

The statutory Annual Survey of the
Vessel for the endorsement of the
Certificate was completed in

Singapore on 14 February 1991.

Date of Expiry of the Certificate was
25th February 1992.

Fireman’s outfits

Two fireman'’s outfits are provided on
the vessel, and are normally located,
one each in the forward and after
crane deckhouse.

Each fireman’s outfit has a breathing
apparatus of an approved type in
compliance with Regulation 14,
Chapter 11-2, SOLAS 1974.

One breathing apparatus comprises
of a compressed-air self-contained
breathing apparatus.

The other consists of a smoke
helmet, provided with an air pump
and a length of air hose sufficient to
reach from the open deck to any part
of the holds or machinery spaces.




ATTACHMENT 3

The following simplified calculations
are made to illustrate the possible
concentration levels which might have
evolved in the bow thruster
compartment, given that the actual
amount of Drew Electric used is not
known.

The conversion factor for

1.1.1 - trichloroethane is taken from
the information supplied by the
Canadian Centre for Occupational
Health and Safety :

1 PPM = 5.45mg/m>
1mg/m® = 0.184ppm @ 25°C

The Drew Ameroid Safety Data Sheet
gives the composition of Drew Electric
as min. 95% 1.1.1 Trichloroethane by

weight.

Volume of lower compartment
(3.0x2.1x1.8) + 2(1.5x1.8x0.5ym?
= 14.04m°

Less volume of bow thruster motor
= (1.5X3.142X(0.6)2/4)

Volume of lower compartment
14.04 - 0.42 = 13.62m3
Volume of access trunk
(2.5%2.0x1.0} = 5.0m3

Total Volume of space
13.62 + 5.0 = 18.62m°

Possible concentration levels
Assuming 1 litre Drew Electric
Lower compartment concentration

1x10% % 0.184 X 95%

13.62
= 12,825ppm

Total compamnent concentration
1x10° x 0.184 x 95%

18.62
= 9386ppm

Assuming 0.5 litre Drew Electric

Lower compartment concentration
0.5x10% x 0.184 X 95%

13.62
= 6412ppm

Total compa.rtment concentration
0.5x10% x 0.184 x 95%

18.62
= 4693ppm

Exposure levels in excess of 5000ppm
can cause unconsciousness, respiratory
depression and death.

The vapour is heavier than air and,
therefore, the higher concentration
levels would be concentrated in the
lower compartment.

M.R. Balsdon 8/9




No. 210 1.1, +TRICHLOROETHANE

“chiorothene™ (a trade name for the inhibited product}

methyl chloroform
« = trichloroethane
“genklene’”

methyl chloroform

APPEARANCE J Clear, colourless liguid.
ODOUR | sweer.

THE MAIN HAZARD

No significant hazard.

EMERGENCY PROCEDURE

IF THIS
HAPPENS DO THIS

v~ v

Keep tanks coct with water. Provide fire fighters with breath-
. FIRE ing apparatus as protection against toxi¢ decompaosition
fumes,
|
|
LiQuip Flood eve gently with ciean sea or clean fresh water, Continue
IN EYE washing for at isast 15 mins.
LIguId Remove contaminated clathing and wash affected areas with
ON SKIN plenty of water.
Remove victim to fresh air, If brsathing has stopped or is weak
YAPOUR or irraguisr, give mouth o mouth or mouth to nose
INHALED TESUSTItRtion.
Wash away with water. Inform port suthorities if & major
SPILLAGE spillage oecurs,

o dupeurivivet iy by
S g af Vaims | ol S o,
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ATTACHMENT 4b

No. 210

1,1, 1.-TRICHLOROETHANE

FIRE AND EXPLOSION DATA

for 95% " /w concentration.

FLASH POINT None: see note (i) on page 4.
AUTO-IGNITION | 400
TEMPERATURE
FLAMMABLE _
LIMITS 6% - 15%
EH);PZLA%SSO N Modarate; see also note [i) on page 4.
CHEMICAL DATA
for 95% "/w concentration.
FORMULA CH,CCL
E:PET?.[{CAL ralocarbon {sat. atiphatic)
Is nat hygroscopic, )
A stable compound under all normal conditions, but it will
degrade slowiy when haated abave 5007C producing toxic
fumes of chlorides.
REACTIVITY
WITH
OXIDISING No dangerous reaction.
AGENTS
ACIDS No dangerous reaction.
ALKALIS No dangerous reaction,
SALT QR Some reaction, but insignificant at ambient temnparatures,
FRESH although cargo mey become dlightly acidic. Cacgo may contain
WATER an inhibitor to minimise this reaction.
AlIR No reaction,
A, dangerous reaction with organometallic compounds,
OTHER atharwise in general, no dangerous rasctions, but for confirm-
CHEMICALS atory information consult the data sheet for the ‘other’
cargo in question.

Ay QRSN SRy kipaiely ey
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ATTACHMENT 4¢

'ﬁ_ .
,3 ) No. 210 1,1, 1-TRICHLOROETHANE
=5
N HEALTH DATA
: M For 95% "/w concentration,
! TLY 350 ppem.
| ODOUR 75
THRESHOLD pem.
EFFECT OF LIQUID
ON EYES trritauion; no permanent damage.
ON SKIN Detats the skin on proionged contact.
i;SSOK;.;‘TI ON Mo significant hazarg,
BY Not toxic in ! L. iti ! i
INGESTION ot toxic in small doses. Large quantities could be toxic.
|
EFFECT OF YAPOUR
ON EYES teritation at high concentrations.
ON SKIN Nil.
WHEN Moderate irritation of air passages plus moderate narcotic
INHALED effect with dizziness, hasdache, nausea and drowsiness,
{acute-effect)
WHEN
- INHALED Nil.
(chronic-effect)

Epr Curegiagmy v iipiieny pirviviy
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[ATTACHMENT 4d

ke

No, 210

1, 1, 1.-TRICHLOROETHANE
PHYSICAL DATA

For 95% "/w concentration.

SPECIFIC GRAVITY 1314 @ 20%
BOILING POINT 749
FREEZING POINT —35%

YAPOUR PRESSURE

@ 209C = 104 mmHg

COEFFICIENT OF
CUBICEXPANSION

0.00129 per °C @ 20°¢C

GENERATION

VAPOUR DENSITY 46

i

‘ SOLUBILITY IN -
WATER

|

| VISCOSITY 0.65¢S ® 20°C
ELECTROSTATIC bos

ossible

HANDLING AND

STORAGE RECOMMENDATIONS

NORMAL CARRIAGE

TEMPERATURE Ambient,

NORMAL CARRIAGE -
- PRESSURE Aumospheric.
! FILLING RATIO See 1: 64,

HANDLING AND STORAGE MATERIALS

UNSUITABLE SUITABLE
Mild stes
Aluminium and it atloys g:l\f:l:;?d sus;ui

{NB, Cargo may become acidic when wet)

NOTES: {i)

- SR REChEny Ty by
W page o' Wiy | oF ey Gounls

F e . L

1.1.14richicroethane vapour does not burn readily, snd can cely be ignited by high energy
sources. The fiame speed is low, Nevertheless, 2 dangerous “flash™ can occur in an enclosed
space if the vapour concentration and ignition energy are correct.
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