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1, INTRODUCTION,

Since the introduction of regular inspections of
infestable carfoes arriving: at United Kingdom ports, many
theories have been put forward to account for the innumerable,
unanswersd problems which arise concerning the changing
condition of the commodities in the ships' helds, and of the
degree of insect infestation occurring on those commodities.
In 1956 plans were laid at the Royal College of Science,
London, for a series of expeditions to the Gold Coast Colony
in West Africa, now the independant State of Ghanaj; in the

following year the first of these was backed by the Imperial

College Exploration Board, Under the direction of one of the
members of the party, Mr. G. Matthews, one of the first attempts
was made to carry out recordings of the physical factors
affecting the cargo, and observations on the movements of
insect pests, within the holéds of a ship whilst at sea, A brief
account of this work was later published in the "Annals of
Applied Rioclogy," Vol 46 (1958), No. 2, pp 259-263, and full
reports of both this and the following work are lodged with the
Imperial College Bxploration Board.

In 1958 a second party visited Ghana, and Mr. €. Neville
carried out further observations on the same lines as those of

Matthews. The result obtained, and some of the conclusions made



by Neville, did not agree with those of Matthews. Thus, after
a lapse of two years, a third expedition was organised with the
main object of carrying out further measurements in the holds
of ships on the same United Kingdom to West Africa run, in an
effort to clear up the confusion.

This was made possible to a large extent when, in
March 1960, Mr. A.E. Hoffman, Managing Director of Palm Line
Ltd., generously granted free return passages between England
and Ghana for both members oi tihe party.

The outward journey was on board the m.v. "VESTEROY",
a Norwegian chartered vessel, sailing from Liverpool on
July 11lth., spending one day unloading at Freetown, Sierra
Leone on July 2lst., and arriving at Takoradi on July 25th.

The return voyage was made on board the m.v. "NORDKYN'",
a Danish chartered vessel, departing from Takoradi on
September 18th., and arriving at Rotterdam on October 3rd,
Both members were flown to London later on the same day,
whilst all the equipment was brought to Tilbury on the m.v,
"KATSINA PALM' a week later. Fig. 1 shows the routes taken

and the approximate position on any date,

TERMS OF REFERENCE.

In December 1959 the following subjects were recommended
for study by Dr. J.A. Freeman, Chief Entomologist of the

Infestation Control Division, Ministry of Agriculture,



Fisheries and Food, Tolworth, zs bein. of the greatest economic

importance. At the end of April 1960 a meeting was held at

the Pest Infestation Iabeoratories, Agricultural Research Council,

Slough, where the heads of secticns approved this plan of work

and, after a further joint meetin: at Tolworth, arrangements for

the loan of various items of eguipment from the two depariments
were completed,

1. Physical Measurements (Temperaturs and Humidity) in the
holds of ships.

2, The rate of increase of an insect population durin:- the
voyage by placing known numbers of marked insects in
varicus places in the holds.

5+ Comparison of the degree of infestation at the time of
shipwent from Ghana, and during unleading in the
United Kingdom.

4, Observations on residual insect populations in holds
during the outward voyage, with particular attention
to numerical assessment.

o« Effects of chemical treatments of the holds during

the outward voyage,
It was agreed, at the time, to try te carry out work
on a8 many of these subjects as possible,but, with exception of

the first, all proved impracticable, for the following reasons.



By mid February 1960, confirmation had been received that

Mr. Je. Rawnsley, Senior Entomologist for the Ghana Cocoa
Marketing Board in Accra, would gave his full support in
carrying out this work. However this could not be done for
two reasons. Firstly, it had been learned on the éth September
1960, prior to leaving the interior of Ghana, that the ship
would not be docking at any United Kingdom ports, but that

all the cargo was destined for the Continental ports of
Rotterdam, Hamburg and Bremwen. Thus it would be impossible

to inspect any cocoa either during unloading or afterwards
durinz transit storage. Secondly, although it was known that
some cocoa had been loaded in Accra, prior tc loading logs

and timber at Abidjan, it was understood that no cocoa would
be loaded at Takoradi., However, on the 1l3th September, 24
hours before the ship's arrival, it was learned that 300 tons
of cocoa beans were to be loaded after all, Arrangements were
already underway for their fumigasticn, and by the time both
members of the expedition reached the docks nearly all the bags
of cocoa had been removed from the warehouse and were being
hoistéd into a lighter lying alongside. The fumigation,
carried out by opesrators of the Ghana Cocoa Marketing Board,

was by means of methyl bromide.

Residual Insect Populations. The m.v. "VESTEROY" was due to

arrive at Liverpool on 27th/28th June, to ioad general cargo

in time to sa2il on July ?th. This vessel had discharged a



cargn of West African groundnuts, palm kernels, hides and timber
at Lisbon, Dunkirk and Rotterdam prior to docking at Liverpool
where she was inspected by Mrs. M.T. Armstrong, Northern Area
Entonologist, Infestation Control Division, M.A,F.F, Sites of
residues of previous cargoes were noted by Mrs. Armstrorg in
e hope that it mizht be possible to obtain information

ccneerning the degree of endemic insect infestation, amd any
fluctuations in its level durin,; the outward voyage. However,
since there were no access hatches to the holds from the main

deck, it was only possible to enter them once durin; the voyage,

when cargo was being unloaded at Freetown, Sierra Leone, ten

days out from Liverposl.

Bffects of Chemical treatments. Plans to carry out a variety

of chemical treatments in the different holds of the ship were

made with chemists of the Infestation Contrel Division, ib

srder that the rates of insecticidal breakdown, and their

comparative effects on test insects, could be measured.

However these haod to be cancelled due partly to the Shipping

Company only being able to give about ten days notice as to
which vessel the expedition nembers were to be sailirg cn, and
partly to toe termination of s stevedorest strike in Liverpocl.
This led to the immediate resumption of loading operatiocns
Just when it appeareg that there would be sufiicient delay

to enable the tresatments to bs carried out after all.



PHYSICAL RECORDS.
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INTRODUCTION. As mentioconed previously, read

& W

the temperature and humidity in ships' holds were made by
Matthews, and then by Neville, on the previous two Imperial
Tollege expeditiens to Ghana. Their major conclusicons on

this werk are giver below, and these will latsr be compared
#ith the results ottained on the 1960 expeditiaon,

a) Outward Voyage. Matthews found that the diurnal [luc-
tuation was greatest at the fop of the hold, and that sclar
radiation caused heating of the air in the Shelter Deck, which
resulted in delayed heating of the carpgo. There was a tenparature
increase towards the centre of the ship relative to the sides,
and a certain amount of heating of cargo by the engine roon,
although the air space hetween it and the carge acted as on
ingulator. The relative humidity was found to be mors wvariabple
than the temperature, varying from 25 to 7?6 per cent. HNeville,
on the other hand, c¢laimed, on the basis nf rather fewer
measurements, that the tenmperatures of different points in the
hold did not fluctuate relative to one another, but maintained
a relatively constant relaticnship, whilst varying as a2 whole,
He found that the humidaity varied from 35 to 7?5 vzr cent, and
was subject to more minor fluctuations than temperature

{though this may have been due to different characteristics of

thé measuring instruments used for continous recording of



tenperature and humidity).

b) Bomeward Voyaze. Both Matthews and Neville found that the

temperature maxima in the cargoe occurred in the late afternoon,
and the minima shortly before sunrise. Matthews recorded
heating of up to almost 107P°F (4209C) in the centre of the cargo
(groundnuts) ard, on reaching cocler conditions, the outside of
the cargo was cooled appreciably more than the centre, resuliing
in a temperature gradient between the two. There was also a
gradual increase in temperature in the cargo towards the engine

room bulkhead. These gradients remained steady exezpt

for variations in the air spaces around the cargo, the

variations spreading a little way into the carge. He also found
an increase in temperature with increasing depth in the hold.
Feville!s series of readings taken with a tuermocouple spear at
various depths in groundnut cake do not confirm this gradient,
however, he found a temperature minimum at 6 bags depth, both
above and below this being warmer. Possibiy deepsr readings werse
needed to confirm the gradient, the surface layers being affected
by diurnal fluctuaticns. FExawmination of the readings obtained
by Neville from thermocoupleés in the hold dozs not show any
regular gradients, due to the apparently random positioning of
the thermocouples., He found an even higher peak temperature of

108 7 (42.5 C), in groundnut cake.
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On this expeditiocn, therefore, it was noped to confirm

‘or disprove the gradients found by Matthews on both the outward

and Homeward voyages, and also test Neville's statement that the
temperatures of points in the hold vary as a whole during the

outward voyage. Similar measurements of temperature, using both
thermocouples and thermohygrographs, and of humidity, as on the

previous expeditions. From the figures obtained it was hoped

‘the sources of heat influencin_ the holds, the degree of

transmission of heat into the holds from these sources with
various cargoes, and also the cooling sources affecting the
cargo. A preliminary investigation was also made into the
meisture content of bagged cocoa on the return voyage; an

aspect not attempted by either Matthews or Neville,

EQUIPMENT., The items listed below were the principal ones
used for physical measurements in the holds. In each case de-
tails are given of the ease of use, or otherwise, of the
instrument, and alsc of any faults that occurred, as these may
be of interest to any one considerin; further work of this

nature.

Sunvic R.S.P.2. Self-balancing Potentiometer and High Speed

Recorder.

This instrument was the one used by both Matthews
and Neville for recording the temperatures measured by the

thermocouples. It was used in conjunction with a 0°C cold




reference junction, the thermocouples being connected to the
instrument sequentially via a four-terminal insuleted connecting
block, to which the potentiometer input was permanently

connected, The power supply for the potenticmeter was obtained
from a 220 V AC/DC rotary converter, which gave no trouble at all
in use.

The potentiometer itself was capable of giving ideal
results, completecly unaffected by the ship's movements., Neville
found that the length of thermocouple wire affected the reading
obtained at any given temperature, but this did not appear to be
the cese in this instsnce: however the e¢ffect was investigated
by Neville using a Doran 'Mini' Potentiometer, and, as will be
mentioned later, the accuracy of this instrument on a moving ship
is doubtful, and the variations observed by Neville poszibly fall
within its range cof arror.

The tubular nib of the Sunvic potentiomester pen became
clogged up guite frequently: possibly the high humnidity and
temperature rendered the paper more liakle to scratching, a
point which could not have been foreseen in tewmperate conditions,

The instrument did give serious trouble, however, starting
at 3,00 a.m, on the 19th July, while readings were bein; taken
at hourly intervals during & 24 hour period. The pointer ceased
to give definite and repeatable readings, and on standardising
the battery the pointer moved to cone extreme of the scale, which

would normally indicate a flat battery. However replac'ement of
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the battery did not cure the fzult, and, in the absence of a
complete service manual, no actual fault could be found during
the remainder of the expedition. At the beginnin: of the return
voyage the trouble was still present, but it was found that a
steady reading was given when both input wires, one of which had
previously been earthed, were disconnected from the earth
(chassis), This made the thermocougles sensitive to pick-up of
any electrical disturbances in the ship, which caused the point
to wobble, but this was only sericus in the case of the longer
wires (to No. 1 shelter deck) and this was overcome by twisting
the two sets of wires together. The reasons why unearthing the
input should have "cured" the fault are not clear, but as the
instrument gave apparently accurate results when the calibration
was repeatedly checked, its use was felt to be Jjustified., It
was used in this fashion until the 27th September, when it
recommenced behaving perfectly normally, and the input could be
earthed again. It is probable that the tropical conditions
caused the fault, which would explain its disappearance as
temperate latitudes were reached, the high humidity and
teiperature possibly causing a temporary insulation breskdown in
some component, although this remains only an idea,

Doran "Mini! thermocouple Potentiometer -

This instrument was of the later tyge (Instr. No. 8256)
with the scale calibrated directly in ©C above or below the

the reference point. Neville claimed that it was possible to use
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it on a moving ship by positioning the instrument relative to
the axis of the ships motion, but this was found to be very
difficult, due to the motion often being a complex combination
of piteh and roll, with no constant resulting axis of movement.
Thus the meter needle was seldom steady at the centre
zero, and the technique evolved was to Depress the awitch
connecting the thermocouples just as the needle reached the end
of its swing, and was therefore momentarily stationary. If the
circuit was not balanced, a further movewment of the needle
would result, and the dial was then adjusted until no such
further movement occurred, indicating that the bridge circuit
was balanced, and the temperaturs was then read off the scale.
Obviously the readings taken by this method were not very
accurate, and are included in the graphs mainly for completeness:
it is doubtful whether they are accurate to nearer than sEag o B0
On examinaticn at the start of the homeward voyage, the
galvanometer was found to be broken, although it had been
intact when picked away on arrival at Takoradi, andé the instrument
had to be returned t¢ the makers on arrivel in the U.K. for
repair.

Negretti and Zambra distant-reading dial theruwographs.

These were used for recording the sun and shade temperatures
above the holds on the return voyage, and worked extremely well,

It was felt that they would be of only limited use for measurements
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in the holds, due to the _reater inconvenience of installing,
relative to thermocouples, and the limited length of cable from
spear to recorder.

Cambridge distant-reading dial thermographs,.

These were Ly no means new instruments, and this
@psaibly accounted for their very erratic behavicurj; they did
not give any usable results, due to failure tu give a complete
trace, 1In addition, the connection between the spear and
recorder was of stiff copper tubing which, while poussibly suited
for permanent installations, made the installation and manipu-
lation of the instruments in confined spaces extremely difficult.

*;nTﬁermoqoqple Spear Set.

This consisted of a set of 20 1 foot tubular sections
with a pointed end containing a thermocuple, and which could,
in theory, be pushed into bagged or bulk produce, the tip of the
spear being connected to any desired recording instrument by
2 wire running inside the tubular sections.

However, it was found impossible in practice to push
the spear manually into more than one or two bags of a stack
of bagged cocoa beans; due to the high degree of compression of
the stack, It was thus, unfortunately, useless on this
expedition, :

Casella Thermohygrographs.

These instruments worked satisfactorily, except for a

tendency for the ink to dry up prematurely, as mentioned by
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Matthews. No difficulty was experienced in calibrating the
instruments before installing them in the holds; an accurate
+20°C to - 20°C termometer was used for temperature calibration
and, in the case of humidity, the bundle of hairs was moistened
with distilled water with a paintbrush until the pointer was
steady, and the adjustment then altered until the pointer

indicated 95 per cent R.H,

Although they were sheltered in the holde, the exposed
moving parts of these instruments suffered considerable corrosion
from the salt atmosphere, and possibly this would alter the
readings obtained towards the end of the voyage, by dampening
the movement, when any minor fluctuations would not be recorded,
or by causing the pointers tostick in one position.

Lovibond Comparator Set.

Although the makers state that this can be used to
mgasure relative humidity to within 5 per cent, this was not
found to be practicable due to differences of opinion between
the two expedition members in matching the colours obtained
with the set of standards provided. Variations of relative
humidity throughout the air in the hold at any time appeared to
be less than 5 per cent and thus could not be measured with this
instrument.

In the light of experience gained since this trip was
made, it would appear that a wet and dry tnermocouple pnir,

used in conjunction with the Sunvic Potentioweter, wouid hove
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given R.H., rezdings accurate to within 1 or 2 per cent, but
this was not realised at the time.
Scobt-Mec Oxley Moisture Content Meter.

This consisted of a wulti-pronged probe which was thrust
into the bags, and an indic ting meter. It was already calibrated
for use with bagged cocoa beans, but it was found that not only
the moisture content, but also tae zmount of compression to
which a bag was subjected (i.e., whether the beans were tightly
or loosely packed) affected the reading given. Another
limitation was that only the ocuter layer of bags in any stack
could be investigated.

The instrument worked well, alt.ough two people were
needed for efficicunt operation in the holds; one to move about
with the probe, and the other to remain in a sufficiently large
space to operate the wmanually-cranked generator type of indicating
meter,

Vickers-Armstrong Velometer.

This was of no use due to its directional characteristics,
and lack of sufficient sensitivity for work in the holds. Any
instrument for this puryose must be omni-directional, and very

sensitive, as air currents in the holds were barely perceptible.

OUTWARD VOYAGE., m,v. "Vesteroy."

The expedition sailed from Liverpool at midni ht on
July 1lth, called at Frestown, Sierra Leone, on July 2lst, and

arrived at Takoradi, Ghana, on the morning of July 24th.
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The vessel was carrying general cargo: No. 4 hold, the
one used for measurswents, was alaost eupty. The lower hold
contained only some packeted and cased goods, and light machinery;
the shelter deck had only motor vehicles for discharge at
FPreetown, and piles of old dunnage.

The weather durin,; the outward voyage wns good, excent
for the day preceding our arrival at Freetown; details are given
in Table 1,

21l thermocouples were installed in No. 4 hold, 15 in
the lower hold, and 6 in the shelter deck. also 4 thermohygro-
graphs were put in the lower hold. Unfortunately none of the
;;the'rmohygrographs gave usable results, due to inkin_. troubles,
which were rectified before the homeward voyaze. (As wentioned
previously, there were o access hatches on this vessel, so the
instruments could not be examined whilst at sea). The positions
of the thermocouples are shown in figs. 2 and 3, and the zccompany-
ing Table 2, Readings were taken 3 times daily, using the Doran
"mini" Potentiometer until noon on the 1l4th July, after which
the Sunvic potenticmeter was used until its breskdewn in the
garly hours of July i9th, when the Doran was agagin used until
areival at Takoradi (except during the one day call at Freetown).
In addition to these readings, measurements were uade at hourly

intervals for a 24 hour period,starting at 8.30 a.m. on the
18th July, to determine the daily pattern of femperature variations.

These two sets of readings are given in Tables 3 and 4 respectively,



and graphed in figs. 4 to 8, and 9 to 13%.

The thermoccuples are arranged in groups in the graphs
to show certain effects, as follows:

a) 1 = 4; the gradient from centre to port bulkhead, half-
wz2y dowh the hold, and close to the engine rooam bulkhead.

b) 5 - 8; the same gradient as above, hut further off from
the engine room bulkhead.

e) 2 - 13; the gradient frow the centre to the starboard
bulkhead at the bgttom of the hold, inciuding the effects
of heating by the propellor-shaft tunnel.

d) 1la, 15, 16 and 18; the vertical gradient up the metal
lndder from the bottom of the hold to below the main
deck.

e) 17, 19, 20 and 21; the effects of port bulkhead and
main deck temperature (19 and 21) on the temperature of
shelterdeck, beth 2 gainst a.d at a distance from the engine
roon bulkhead (17 and 20).

Each of these _rou,.s will .ow be counsidered separately,
and the main implications of the readings considered.

) 1= 4 (figs. 4 and 9)

There was a definite gradient from the ocutside to the
wirger centre of the held; this gradient remained fairly
constant, with point 1 sowe 5 to 6°  higher than point 3.
Point 4, cn the port bulkhead above the water line was heated
strongly by the morning sun each day, and some of this heating

was transferred to point 3, on the stringers, but, except
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cn July 19th, this heating 4id not extend in to point 2.
ﬁ b) 5~ 8 (figs. 5 and 10)

Point 5, on the engine room bulkhend gave readings very
similar to point 1 further forward on the gsame bulkhead, However
points 6 ~ 8 were much coonler than 2 - 4, and differed little
from one another; a temperature ypradient was present, but it
wag mwuch smaller than between points 2 and 4, Peoint 8 on the
bulkhead did not show the diurnal heating that point &4 did, this
probably being due to it being slightly lower than 4, and lying
a little below the sea level; this shows the hish degree of
stabiligation of the outside bulkhead temperature provided by
the sea., The increase¢ in the temperature of point 8, (and,
to a lesser extent, 7), relative to point & on July 19th z2nd
20th was probably due to entering a warm current.

¢) 9«11 (figs 6 and 11)

From the start of the voyage $il1l the 18th July there was

a steady increase in temperature from the outside of the ship
towards the centre. Point 9, on top of the propellor-shaft
tunnel, was noticeably warmer than peint 10, at the side of the
tunnel, only a few fest away, and the difference was presumeably
due to heating by the tunnel, Peoint 9 gave similar rendings to
point 14, although further from the engine room. Point 13, and,
to @ lesser extent, 12, showed 3 distinct increase in teaperature
on July 18th, and the days following, and this was thought to

be due to an increase in sea temperature: the ship's position was



similar to that on the return voyage when the sea temperature
?211 sharply (sea temperature was recorded only on the roturn
voyzge)s Also the rise co-incides with that of point 8, both
showing well in the 24 hour series of readings tzken on 18th and
19th July.

14, 15, 16 and 18. (figs. 7 and 12)

It is interesting to note that peint 14 was the coolest
in the vertiesl gradient up the acesss ladder, which shows how
low even the highest of the lower hold temperatures was, relotive
t2 these in the shelter deck. Point 15, below the shelter deck,
wag constantly some 40C zbove this, and suprisingly, was almost
slwrys hotter than peint 16, immediately above the shelter deck,
Point 18, under the wmain deck, showed gre-t variastion dus to
¢lurnal heating by the sun, reaching its peak temperature at
abput 2,00 p.m., and then falling te a lower temperature even
than point 14 in the early moryning. Thus, invariably in the
lower holé., and frequently in the shelter deck, the teaperature
was hizher at the top thar the bottom, which conflicts with
Matthews!' findangs. In the case of the shelter deck, solar
heniing of the main deck aecounts for this. The difference in
the lower hold wans probably due to the h2lf empty state of the
hold, compared with his .easuremsnts an a full hold. In his
case any heat generated by the engine room or propellor-shafi
tunnel was retained locally in the eargo, whereas in this case

the heat was lost into the air, and convection resulted in the



hotter air lying at the top of the hold. (Heetin; by the sun
an its ewn would not explain why the tup of the lower hold was
warLer than the bottom of the shelter decks)

' ¢) 17, 19, 20 and 21 (figs. 8 and 13)

Points 19, on the port side of tae shelter deck, and 21,
under the main deck, showed intense solar heztin,, 19 renching
its peak earlier, being on the east side of the southbound ship,
and thus receiving the effect of the early worning sun. FPoints
17 =zd 20, actualiy on the shelter deck, did not show nuch
diurral variation despits the heating; of the sides, =2nd main
deck above them. Point 17 teaded to be s.ightly warmer than
point 20y as this was especially marked when point Z1 was at
its krottest it was rresumably due to 2 limited transmission of

heat from the sun, rather than any effect from the engine room.

LPERE

Thus, in general, the thermncouzle readings cn tie out-
vard voyage coafirm the tempersture sradients found by Matthews,
except for the vertical gradient in the lower hold, where the

tytton of the hold was the coolest; as mentioned this wa

1

probably dee to the lack of csrgo in the hola There was con-
siderable varistion betweern points in the hold, contrary to
fevills's Zindings.

The 24 hour set »f teuperature readings show that there
wzg little or no fluetuation over the 24 hours, excent for psints
!

hy 18, 19 end 21, all of which were on or near bulkheads heated

by sclar radiation.



EQMEWARD VOYAGE meve "Nordkyrn "

The party sailed from Takoradi on the evening of
September 18th, and docked at Rotterdam on October 3rd, with no
irtervening perts of call,

The cargw cqonsisted of logs, sawn timber, cocoa and
¢opra, add detalls are given later where they are reluv.at ©o
th: ceasurenents taken,

The weather, details of which are given in Table 5, was
verisble, with gemerally bad conditions between Septeaber Z2lst

ang 23rd, fcllowed by mainly showery conditions, with force 7

&
%
£
oy
e

n Septezber 29th and 30th. FPig. 14 shows the exposed
sun tenperature throughcut tie voyage, recerded on a Negrettl and

¥y
EA

arhra dial reading thermeograph, with its element exposed above
the sateh cover of No. 4 hold.

22 thermocouples were installad in the holds, distributed
as follows: 4 in bagged cocoa in No, 1 shelter deck; 3 in bagged
cocon and L expooed in No. S shelter deck; 14 in bagged cocea
in Foe 3 starboard deeyp tank. 3 Casslla ther.wohy rographs were
installed in the cocoa in the same deep tauk, zud 1 in Tiaw cspra
in Ko 3 shelter deck. Figs. 15 -~ 17, siow the relative
positing of all these inetruments, and Table & gives the ncitdzal

sites.

Temperaturs rezults, Thermecouple readings were taken tiree

v four tines eech Jay, using the Sunvic Potemti:meter, with the

input earthed as described previously, until September 27th, when
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the instrument began to function normally again.

Readings were not taken from the ther.ocouples in No. 1
hold until September 28th, when it was found that twisting the
sets of wires togetuer reduced the pick up of interference by
the long leads involved.

No 24 hour set of readings was attempted due to the
feilure of the instrument during the prevanus such pericd on
the outward voyage and the possibility that such prolonzed use
il ht lead to the developoment of another fault, ®With the Doran
"uinit potentiometer already broken this risk could not be taken,
as we weredependent on the Sunvic putentiometer for all
theriocouple measurements,

The results are shownin Table 7, and graphed in figs,

16 to 23, In addition, fig. 24 shows the sea temperature through-
out the voyage, as measured at regular intervals in the engine
room.

A% on the outward voyage, the thermocouples have been
grouped in the graphs to show certain gradients, which are listed
below, The temperature records from the thermohygregraphs are
included in the thermocouple graphs for comparison, as well as
being shownin their original form in figs. 25 - 28,

a}) 1 -5, and thermohygrograph A; the gradient forward from
the engine room bulkhead in No. 3 deep tank.
b} 6 - 9; the vertical gradient down an airshaft in No. 3

deep tank.



¢, 1L - 13, and thermnahygrograph Dj the gradient lnwards
fron the starboard side of No. 5 deep tonk, measurel at
the surfrce of the cocon.

d) 9, 1) and 15; the srie gradient zs above, but measursd six
bags below the surface of the stack.

e) 16 - 19; the gradient from the starboard side to the
centre of No, 1 shelter deck, measured three bags above
the bottom of the stack.

£) 14, 21 - 23, and thermohygrograph C; the gradient inwards
in bagged copra from the side of No. 3 shelter deck.

(N.B, Although the thermneouples are numbered 1 - 23, no

thermocouple nuubered 20 was actually used, leaving only 22

szts of readings).

Bach graph will now be considered separately.

1 -5, and thermohygrograph 4 (fig. 18)

Initially pcints 4 and 3 were nuch hotter than 1, 2

and 5, all ¢f which gave sitiler readings until September Zi4th.
Ther “i.re nothsrly latitudes wers reached, however, a gradient
wes set up extending forwards f{roa the engine room bulkhead,
with point 2 at first intermediate between poinis 5 2nd D, and
then beconing as warm as 3 and &4, presumably due to heat from
the engines being retained in the carge as the temperature fell
a2t the edge of the stack nearest to the engine roowm. Point §
s1lso showed this reduced csoling effect, but it wis cooler than

2, probably due to Yeinz on top of the stack, whkereaes 2 was
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turied under the top layer of bags. The rise »f poinis 35 and
hoon the 22nd to Z4th Geptember appears at first sizht to be
zorrelated with the carve of sea temperature (fig., 24), but it
s doubtful whether in fact this is the true cause of the increage
zs an increase in sea temperzture would have most effect on
therriccouples on the outside bulkheads, Aand peints 12 and 13,
in such a situation, do not show any great increase on these
days. It is more likely that the increase was due to lack of
ventilation on these d-ys, as the ventilation was closed from
the 21t tn 24th Geptember. If this is the true explanation,
it shows how the ventilation normally carries away the heat
from thiz source, and how the tegperature risses as a result,
shen th2 wentilaticn is cat off. ™This 4is confirmed by 1,

which was cooled by the ventilation shaft, except on these
dzltes, when it increased to the temperature of 2 ard 5.

6 -9 (fig. 19)

Iuring the first half of the voyage, till Zeptembder 27th
voints 8 (at the bottom) and 9 (at the top) were the coolest,
¥ith 7 generally warmer than 6, Thus 9, 6 ard 7 showed an
increasing temperature gradient with increase in depth down the
shai, although the differences involved were relatively small.
After 24th September, point 8 became much cooler than the others,
fue presumably to the coolin. effect of the ssa, and the other
thres points gave very similar readings from September 2Z7th

witil petnter 1lst, when a reverse teaperature gradient seened to
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be forming, with point 9, almost at the top of the shaft, the
warmest, acd then 6, 7 and 8 in decreasing temperature order.
The reversal of gradient way have been due to the coolang

tlfcet of the sea gradually affecting the hi  her rarits of the
alr shaft: whether similar gradient would occcur actually among
tle bags is not certain, In addition, jpoint 9 was probably more
stable than the others, it alone being embedded between the
ags, the other points being almost exposed to the air in the

shatt,

1l - 13, and thermohvgrograph D. (fig. 20)

There was a distinct increasing temperature ,radient
tovards the inside of the hold, as shown by points 11, 12,
znd 13, Ppoint 13, on the starboard (eastern) bulkhead, showed
hzziing by the sea on the same days as .oint 23, at shelter deck
levsl on the same side, except on September 25th and 30th, when
iy was not heated. The peaks of 17 apyeared to be esarlier than
those ol 23, the temperature falliag again by 2.00 v.m., and
thus the heatiny was probsbly due to thes early morning sun,
itich on the two dates mentioned was probably behind cloud
wiil it had risen hi her, and then oniy heatsd .oint 23,
mainly by conduction from the norizontal decksurface ahbove,
Th: weuther records show this fto be likely on both the days
soncerned., The degree to which the fluctuations of point 13
alfected the inner points varied; on September 22nd and 24%%th,
for exarple, all the points rose, but these dates were over-

cast, with the ventilation closed, which resulted in the general
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risz in temperature, whereas when 13 was heated by ftae sun

zlone, witn the ventiiation open, as on September 28th, and
retober lst, the ipner points were nhot affected. The thermo-
sygrograph D recorded a cecler temperature than the thermocouplen
altrough it was nearer the centre of the shi_,. This was

rrobably bscause it was beneath the deep tank cover, where

thers was more ventilation. It showed fluctuantions similar to

those of point 11, but was always some 2°C cooler.

9, 10 and 15 (fig. 21)

These gava very similar readings until near the end
of the voyags, waen pcint 1) cooled down the most, and point
15 the least, fo: no cobvious reason, there bein: no clear -radient
Letween the tavree. Point 15 was considerably warmer taar polnt
11, andé also fluctueted less, indicatzzg that conditions were
both warmer and more stable s.x ba3zs below the s.rface of the
etack than at the top. By the e.d of ths voyage the temperatures
were cooler than in the eguivalent positions in Ne. 1 saelter
deck: possibly the hold was more sneltered from tae sun,

This dows show that any effects of heoting by the engine room
dia not affect the bulk of the cargo in the adjacent hold.
16 - 19 (fig. 22)

There was a distinct _radient in towerds the woraer
centre of the hoid., The flu.tuations of point 19 on the star-
board bulkhead had little effect on the points in the cccoa

(as found also by Matthews), The temperature at the centre did



not appear to bae falling fast at the end of the voyage. It is
urfortunate that no earlier readings were taken to see if the
temperature gradient was present at the start of the voyage, as
it was increasing towards the end.

14, 21 ~ 23 and thermohygrosraph C (fiz. 23)

Point 23 showed variation due to diurnal heatins by the
sun, although it was somewhat c¢oocler than peoint 19 in Heo. 1
shelter deck. The cargo in No. 3 shelter deck (Copra) was

itially considerably hotter than any of the cocoa in which
adings were taken, but by the end of the voyage it had coocled
dowr to a similar level. In the copra point 22 was offen hotter
than 21, which was further in. This could not have beoen due
to heating of the cutside bulkhead by the sun because several
of the days in guestion were overcast, and the reassons arc
therefore uncertain. When cooling occurred, however, & more
sormal pradient was set up, with point 21, the innermost in
tae copra, being the hottest.

Point 14 was on the centre of the shelter declk, in an
exposed poisition., It was as a result cooler, and its peaks
occurred later in the day,than those on the starboard sade, due
to heating of the deck above, rather than of the side of the
shkip. During the days with some solar heating but no ventila-
tion (e.g. September 22nd and 24th) the temperatare of 14
increased more fthan on days when there was strong solar heating
with the ventilation system opened (e.g. September 26th to 28th).

48 in the case of points 3 and 4 previocusly mentioned this shows
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that lack of ventilation can cause 2 general diurnal tempersture
izcrease in the holds. This corresponds with Neville's findings

of @ trop in temperature of up to 4¢C when the ventilation is

The thermohyzrograevi C wave mach lcwer readings than
tzose obtained in the copra on which it was staraing, indicat-
ing possibly that the air temperature in the hold was dependant
more on the solar heating of the ship thsn the warmth of the
cargo. It did recerd & gradual 1ncrease ralative fo point
14, which was also exwnnsed fto the air, throuashout the voyage,
indicating that the cooling of the air over the copra was
ssiewhet retardea,
funidity results.

The positions of the four therwohygrograris arz shown

in figs, 15 and 17, 2nd their trzces are shown in figs., 25 -

Instruments A, B and D, all in No. % starboard deup
fznk, showed a high humidity falliing zraduslly throughout the
toyage, 1 rom $0 - 90 per cent at the start to 70 - 80 per cent
et the end. 4 showed sudden variation on the 2dtn to *0th
Stptember, and both B and D showed a sudden f£f3l1. and subsequent
rise on 30th September; The reasons for these changes are not
wvious, althcugh they appe.r to be correlsted with fallis in
“a3 general temperature level in the acad.

Insirugent © was ir tne copra in No. 3 shelter deck,

wigrs the humidity wss initially slightly lower (3C per cent),



but generally rewmnined higher than in the deep tank, being
between 80 and 90 per cesnt at the end of fthe voy-wme. There were
considerable fluctuations in humidity, without any appareunt
cortesponding changes in temperature, and 1little si.n of any
regular daily fluctuations. The high humidity and small
fluctuations were zrobably corelated with the large amount of
cecndensation avove the copra on the underside of the: main deck,
Dripping from this decw may have causad the wmanor fiuctuatlions.

In additaion to the thermohy ro/ raik measursmexnts, an
attexpt was made to measure the humidity at different levels in
a ventilation shaft, usin_, the Lovibond Comparator set. However
Lo differences could be dastanguished betwesn any of the results,
ank the method was not tried again.

Yoisture Content results.

Using the Scott-Maec Oxley moisture content meter,
readings were taken on September 27th of the meisture content in
bagged cocoa in Neo. 1 shelter deck, znd No. % starboard devp
tank, Where 7possible readings were taken at both ends of bags,
in the hope th:t this would show u. gradients in the holds,
independent of variations between bags due to different
degrees of compression. The rzsults are shown on dilagramnatic
rlans of the car;o in fi,s. 29 = 3Ll. It 1s possible that more
detailed statistical analyses would show uy significant _Jradients
in the stacks, but in tais case, as no previous wori of this

tyoe appears to have begen done, it has been thoujht suf-lcient
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Just to give the figures obtained, snd to average thenm wherever
possible into mean figurss for rows of hags, or areas in the
told, ete.

In No. 1 shelter deck, readin,s were itsken on tze unagr
leyer and the aft face of the stack of bags on the starboard
side of the hold. The upper layer {(fi3. 29) showed a jradicut
of deereasing moisture content from 7.4 - 7.5 per cent at the
centre of the nold, to 6.9 -~ 7.0 per ceat at tiae outside,
except for a high value (7.7 per cent) frum the row of cugs
dirzctly under the starboard side of tne deck hatech, which
was usually opened for ventilation purposes. No definite
jreslent was found from the forward to alt bags varying from
£.9 ~ 7.9 per cent. The mean value for the wuole top layer
of bags was 7.3 per cent. The aft face of the stacx (fig. 30
showed an increase in moisture content with dept. down the
stack down to a depth of nine bars, after which it remained
constant at about d.1 per cent. It is pos._ible, however, that
rert or all of any apparent increase in moisture content w:th
dx2th is due to the _reater compression of tae bag;s towards the
ssttom of the stack: further work woulc: be needed to determine
this, There were no large aifferences between the coluuns of
bags at the centre oi the siip aud nearer the starboard side,
the latter bein,, only (.2 per cent _reater.

In No. 3 starboard deey tank (fij. ;1) read.n;s were

token from various bags on the top of the stack, from the engine



room bulkhead to the forward limit of the deeyp tank. Readin .s
wére also taken at variocus de.ths on the four sides of t..ree
¢ir shafts (shown as A, B, ¢ in fi,. »1;. The u.per layer of
28 could not be divided into rows znd columns as in No. 1
shelder deck, and instead the readings have been divided into
three main groups according to position, and the avereg e
zleulated for each. The bugs near the en.ine room bulkhead
had & low moisture content, averagin, 6.5 ype¢r cent. Those
irtérmediate between the engine room and the deey tank hatehn
cover had an average v.Jlue of 7.4 per cent, similar to the
averall value of the top eoif the stacik in Ne. 1 shelfer deck.
The third group, consistin: oi ths ba,s under the deep tank
hateh cover, had a high moisture content, the average being
8.5 ver cent. Whether this was due purely to a lack of drying
by the engine room, or bein: dampened by cooling and condensa-
iion frem the air in the shelter decksbove is not certain, and
readings would have to be taken throughout the voyage, instead
of on a single occasion, to determine this.

The readings taken in the air shafts are given in
ble 8. Direct comparisons between the shafts are coamplicated
oy the fact that the top of the strack in the square of the
hatch was three bags above the level of the rest of the stack,
and thus the tops of shafts A and B were at the same level as
the 3rd bag down in shaft €. %Rach shaft showed some incre-sc

in moisture content with depth, this being most wmarked in shaft



- 32 -

L vhere possibly only the upper bags were dried out by the
tsire rocm heat. Averaging the readings from each side of the
%8 did not shwany significant trends.
is on the twe previous expeditions, the physical
sepiiflens in the holds were found to ba sultable for ths
prowth of insect populations. The tempernture in the cocoz was
murelly between 25 and 30°C. External changes in teapsrature
speared to have little effect on the wmain bulk of the cargoe,
aespt near air channels, and towards the top, bottom and sides
7 the stack. Elsewherc the variations wers gradual: on the
orimard voyage the temperature na~r the engine room bulkhead rose
i 2790 to 34°¢, whilst that in the nold ross from 1997 to 27.5%,
{nhe homeward voyage teuwperatures in the bulk cocoa, starting
2 280¢, fell to 26°C (e.g. points 2 and 9, towards the centre
oi the stack) or to 229C (e.g. point 11, nearer the edge of the
tagk) .
These temperatures are well within the range at which
't lnsects commonly found in West African produce can breed
ind be a2ctlive. In addition, the hizh relative humidities
3= 90 per cent) in the free space would also be favourable,
Various aspscts of the results will now be considered in
¢trz det 11, and compared with the results of the previous
expeditions where relevant.
CONCLUSICNS
' Most of the tsmperature grodients found by Matthews were

siriirmed, e¢xcept for the vertical ones. Thus the temperszture



in the nolds increased towsards the centre of the snip, aand towards
baeowniine room bulkheads. Fowever the incresse in temperature
vith deptn wes not confirmed: on the outward voyage, probably
di to the 2aopty condition of the hold, the tops of heoth lower
noli and sheltesr deck wer: hottest, and gn the riturh voy: ¢,
when the gradlegt was measured in rn ~ir shaft in baggsd cocoa,
nrilnerease occurred only dowrn te thz middle of the shaizt,
below which the tempsrature dropped, probablﬁ due to the cooling
gifect of the sea. This dscresss in tempiratare gradually spread
upwarde until the end of tne voyage the top of ths sooft was
the warmest point. However it is possible tha< this condition
only occurs where an ~ir shaft allows egasy he - trarnsaission,
ond that in the ¢ rgo itself there is in faect as increasein
timperatus e with depth, the sca ouly cooling tins exirews lowsr
loyers of the stack. Alternatively, the risc in teapersture iy
Mtthews' case Way have been dae to his taking resdings 1n a
wold eft of the engine room, with tne propellor-shaft tunael
at the base of the held warming the cargo.

The temperature maxima in the cargo on the homeward

vy

i
g

¢ ware lower than those recorded by Matthews and Neville.
The ki hest temperature recorded iu the cocoa was 37°C (99°F),
and in the copra %4%0 (93%F). fThe differonce was probably Gue
tn the differunt nature of ths cargoes on tne different expedations.
Oun the shelter deck in particular, diurusl solar heating
regulted in very hign bulkhead temperatures, but these did not

greatly affect the tenperature in the cargo.



Theras did not ap.ear to be nmuch heat |, enerated by the
proveller-snaft tuniel on thye outward voyapse. However, it it
"1d been covered by an insulatin cargo, tuerc i ht have been
& siinificent increase in tecgerature due to the heat rot being
exrried away, 2pd it was unfortunate that no readin_.s couls be
baken in this region on tae hogewsrd veyage.

Contrary to Weville's findings, the tesperatures of
peints throughout the hold dizd not always increasc or decrease
topgather.

Ary sudden fall in temperature in the holds on the 24th
and 25th Septewber could rartly be due to the shary decrecse in
sen tenperature on these dates (from ¢3°C te 22%2), in a2ddéit.on
to tn: ventilation changes already dascussed. This decresnse
correlates with the position of the cold southbound Canary
curient. Thus the possibllity of oceen currents affectin,: the
vhysical eonditions in the holds must not be overrulsd.

The variatious in humidity recoraed wer. less thzan those
Tound by both Matthews and Neville. However, their theruolby, ro-
irezhs, wits: one exception, were locatad in the open sgaces in
the nolds, and tause the resulis obtained on this voayge s_.ow

that the relatave humidity immediately above, and just within

- )| i S g o B
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thi cargo is more constant than in the air spaces awsy f:ron the
cirgo, and remains hi h even at the end of the homeward veyige.
The moisture content of bagged cocoa vuiried from 5.8

per cent te 9.8 per cent, bein. least near the en.ine room
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bulikhead, and grentest ander t.ae hatceh covers. It finded to
lnereesu with depth down the stack, but this apparcnt increasc

have heen due to grester comprzs.ion of the lower ba,s.

SIT STORAGE AT TAKORADLI DOCKS.

il
a=
L]

fertain modifications, both in the act.al structure of
the worehouses, and of the trzatments carried out in then, have
takear place since ¥Matthews reported on t.enr in 1957,

In th: sumser of 1960, seven of the privately owned
d:tk warehouses had recertly been taken over by the Chzno Cocon
¥argetin | Rosrd. Work w..s 1n progress on oneningy up tiese
wirenouses irto one large store by kncesing down fthe infervening
#alla,  TWventunlly all the dock warehouses will become Z.C.M.E,
properiy, and all cocca leavin, the port will be oversteommed

wivh treir mark. It is hoped that this will specd us the loading

consrgrent of cocen at ope Berth instead of having to load
nll parcels oz different wirks from se.arat. .ravetely
swnacd cheds.

At the tise the warshouses wele visited only a rolatively
siall juantity of new season's cocoa was in store. Small stacks
of old cocoa were 5till present in sowe sheds, and taese

sup.orted few to moderate numbers of Laszodeyma serricorne I'.,

very few to few Araecerus fasciculatus Deg., and vexy few Cadra

coutella (Wzlker)., ALl cocoz wes stac.asd on wooden dunpags,

fnd the amounts of old spillane residues seen were 1i_ ht.
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WLuh o the opzndng up of the warehouses and the more systonatic
wmovaiert of bagged cocos, the removal of the sccfional dunnage
for cleaning of spillage should be grently facilitated.

Pybuthrir fogging is now 2 daily operaticn coapervd with
the twice-weekly tre tments used in 19%7. Before tha "wirehouses
were xnocked into one, 15 pints were ragquired to treat cach
ong, using a Dynafog machine. At the tiwe of his inspzetion of
ticse worehouses, Matthews reported that during mistin, operations
the goors were not completely closed. Orn this occasilon, however,
stell holes were meen to have besn cut in the doors through which
the burrels of the Dynafog machirnes could be inserted for uss.
However lemkage still occurred from the ridge ventilators of
"o wirchouses. dimilar fogyin is carried out in transit
varzhouses in the Ashanti region. A3 a result, the number of
adult ¢. cautella seen in the dock transit sh:de wns very snall.
One newly-arrived closed railwry wa_on of cocca from Azhanti was
cpersd, and this revenled noderate nunbers of C. cautella adults
flying above the bags.

One bag in every hundred removed from the warelouses for
:xpart is opened by the Froduce Insgpection Office, sivved 2nd
“Li nunmbers of insects presen: neted. C. cautella larvae and
sdults are listed separetely, but all stages of Colsoptera are
1dded together., However the inspecteors were seen Lo be guite

fexmilier with the larvae steges of Triboliam c2stoaswum Herdst,,

e -

°nd L. serricorne, anc expaerienced no difficulty in didentifying
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i Sample insect count forms as used are reproducod in
This 9. Provided that there are luss than 40 insects per bag

Fpocongigpnment is passed, =lthough cocon destined for the

R s e e Ay < (2 L g e AN
aave an averale ol 1less tnhnan L

lnived states must insacts per

bizs Homever, in practice ali cocoe for sxport to ths United
suites iz automatically funligsted before shipment.
Al fumigations taking place in the port of Takoradi are
eatried cut in lightzrs {dumb barges) of known cubic capscity.
o bags are coversd with a double layer of gas-preof sheeting,
spaled down with secticns of fire hose tigntly packed wikh sand,

¥23vy1 bromide is pipsd in through four jets, witnout the use

8 o vaporizer, at the rate of 32 ozs. per 1,00( for fouz

lsurs exposure, »nd allowed to 2ir off overnight, & Coventry

detor compressor driving a contra-rotating acrofoil fex has |

treently been mouantsd on the brek of a lorry to act s o 2odblle

g3 extractor. A seriee of 25f1 lengths of flexible hose,

&

Cinches in diameter, could be attatehsd to the fan, aad it
et noped to be able to clear the wethyl bromide from a sheoted

ATy Bt
PISCUSSTON,

Whenever large quantitics of

% other than

insect proof contaa

tiseet infestation. This dis tr of long term storage

il Warchouses and whilst in transit, such @8 in railway wagons

A tas wolds of ships. It is in this transient stersge that

rreztest difficulties arise in the prevention of infestation.
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Te=xll7 1f all commodities were Tumipgated such difficuities

ld virtually be slimipated, but it a fuwizzted consignmernt
such &5 cocoa is storvd adjacert to a nen-fumigated snd infested
consignment, the former will itself become infosted with

insects from the infested consigiuagent; the phonomencon of Cro8s
irfegtation.

Mztthews investigated the conditicns of storage hoth in
rorohouses in West Africa, and in the ships carrying -roduce from
tiere to the UK., and found that the physical conwitions 1in the
shina! helds were suixtable for increases in imnsect populations,
znd that She conditions boti tia.re 2nd in transit storage in
Tharz and Nigeria were such turt cross infestation could and did
woure This expedition has confarmed the suitanwulity of ships'
tplds for the increase of insect populeiions and has provided
more detailed data on tue actual sources of heat in the holds.
Tae arrangements in the transit storage sheds visited in "hanz
id chnrged since they were visited by Matthews, but tsose in
Figerin were not seen on this occasion. In Ghana all expeorted
infestible comooditiee are now under the one-anthority, and this
should enable a2 universal standard to be nsintoined throushout
the country, However s_nce ships loadir, in chana have usually
alrendy loaded in cother West African countries, such as Nigeria
the treziment given to the fkanaian produce is only ol use if
a1l carge previously or subsequently loaded in the saae hold is

frez of infestation, In fact it was cobhserved that corzo loaded
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previous to Takoradi wos infested with species of insects
cipable of infesting the Ghancian cocoa, and was stored in
tlose proximity to it.

The remainder of the work planned for this exypedition,
and listed in the terms of reference at the beinnin, of this
revort, was concerned with obtaining guantitative dzta on the
digres of cross infestation eithe:r cccurring or potentially
¢rpzble of occurring in the ships, and the efficicney of
sxisting met.ods of chemical control of combating it. As
mentisped, non of thess plans were actually carried out, and it
iz worth noting that in every case the reason was that executing
e plans weuld have conflicted waith the efficient or ceconomic
ruzming of the ship or port concerned.

In a normal plan of research work this consideration
does 0ot arise, but in all work of this nature, where the
sWbject matter and its dis.csal ~re already determined by
econopie considerations, scientifac work takes second place to
economic ngeds and business efficisncy. Thus no det=ziled
plans ¢=n be made in advance about the pro,ramume of work.

There s often little advance notice of the cargo or destinstion
of some ships (especially those on charter), and arrangements
for scientific work must often be made at the last minute,
vhich excludes some types of rescearch rltoyether frow this
fizlq,
Ir this case the work was f.rther ha.ipered by the fact

that the members of the expedition were both undergraduate
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t.ients, and their time for the work was therefore limitzd to
;ifkn_vacation (ise. July to September inclusive). The

i eonsequence of this was that the werk had to be done

@bm the main cocoa season, so thet there was relatively

ivl2 cocoa being loaded at Takoradi whe. tne party returneu.
'fxlmmted time availsible also meant that the return to tie

I m2d to be made by October %rd, ai.d thus n ship had to be

iy fshick did not in fact dock in the U.K., but which unloaded
W e Continent, making the intended co-operation with the
Wistry of Agriculture inspectors inpossible. This dovs not

a wy way reflect on Palwm Lines Ltd., who very gensrously
Iiided and arranged the passages for the expedition: however
i tre expedition been able %o choose its tanme, it would have

M thle to malke better scientific use of the facilitics

Idezlly, any work of this paturs required close and
00iimed ¢o-operation betweon scientific organisations, both
i st Africa and the W.¥., -nd the compsnies concerned with
“izting and shipping the produce in question. Tt follows
It port-time workers such ms univarsity students can do little
v vken helped by research organisations, and in fzot the
“rowould ve done best by the research organisctions in

fstion who can choose the best time of yesr for the wors, and

. nat hzve to keep to such o restricted timetable. Matthews

5 that trained personnel in West Africe would be necded



fcr this, but it would seem more desirable from the polnt of
riew of thz importing country for the investigating perscnnel
fo travel back with the ¢argo, and then examine it on unload-
11z and during subsequent storage. Matthews also considers
that the ideal is to have un-infested produce, protected from
re-infest~tion, and in tr=nsit for as short a time as poscgible,
imvever the transit time cannot be aade less than the dvration
of the voyage from West Africa to the U.K., and the loading
rejuirements of ships often neccesitate stowing crorgs fron
iliferent countries in the same holds., A4As rscomuended above,
itk can be done to investigate cross infzstatinn during this
wriod, but the ultiwate aim should be for all West African
mroluce exporting countries to use similar wmethods to reduce
itfestation as those now being c¢-rried out under the Ghana
focon Marketing Board, and thus render the problem of cross

nfestation insignificant.



ACKNOWLEDGEMENTS

The members of the expedition wish to express their
thanks to the following who have helped the expedition in
irious ways:-
Imperial College Exploration Bozrd, Ghana Cocoa
“:rketing (Co. Ltd. (now incorporated into the fhana Produce
Yarketing Board) and The British Oxyzen Co. Ltd., for
financial aid,
Palm Iine Ltd., for providing free return passages
from U,K. to Ghana for both members of the expedition,
and their freight.
The many people who loaned equipment, or gave advice
ind assistance in various forms; in particular the following:-
The Miristry of Agriculture, Fisheries and Food,
infest~tion Control Division, at Tolworth and Liverpool,
especially Dre J.A. Frecman, Mr. G.A, Brett, Mr. D.S. Pspworth
and Mrs. M.T., Armstrong.
rest Infest=ticn Laboratories ¢f the Agricultural
iesearch Gouncil, especially Mis. M,B., Hyde and Mr. C.W.Hall.
Captain A. Gorthe, officers and crew of the n.v.
Westeroy™, of Ditlev Simonsen Line, Oslo.
Captain P. Linnet, officers »nd crew of the m.v,.
ordkyn'' of Dampskipsselskabet 'Norden' Line, Copenhagen.
Mr. S.L. Bgoleston, Pala Line (Agencies) Ltd., Takoradi,
¥r. F.I, Preeman, G.C.M.B. Tnsect Control Unit, Takoradi.

¥r. J. Rawnsley, G.C.M.B., Accra.



Mr. P Taylor, Secrctavy, Imperizl College Exploration
Board.

Also they ar. very grateful to Dr. J.A. Freema.., for
his eriticisms and useful advice in the preparation of this

report.



List of Figures and Tables.

Kap of rcoute taken,

Qutward Voyage

Weatiher
Positiona of thermocouples
Fositions of thermocouples, lo. 4 lower held,
" " N , Mo, 4 shelter deck,

Daily thermocouple readings

" t " , thermocouples 1 = L,

H " " , " 5 = 8.

' " " s " 9 - 13

" " "o h 1 - 16 & 18.

" " " , ” 17, 19 - 21,
2, hour " "

, thermocouples 1 - k.

" L g i 5 - 8.

" ¢ s ; 9 - 13,

. " W : 1 - 16 & 18,
L i W, £ 17, 49" <204

Homeward Voyage.

Hoather.

Sun temperature,

Poszitions of thermocouples.
1] 1 "

y lo. 3% starboard deep tank,

" 1 " s No. 3 shelter deck,

s No. 1 shelter deck,



Daily thermocouple readings.

" 1t it , themocouples i-05

v i 73 " 6= B,
" W " ~ A 11 - 13,

i " " 3 " 9, 10 & 15,
' " " 3 " 16 - 19,

3 " L S " Ly, 2L = 2%,

Sea temperature,

Chart of thermchygrograph A.

n n
! B.
n ] " c.
" " n D
.

Moisture content of bagged ccocova in No. 1 shelter deck:

a) top of stack.
ditto b) aft face of stack,
Meisture content of bagged cocoa in No, 3 starboard deep tank,

Moisture content in air shafts.

Takoradi Docks.

Sample insect count forms,



——

L{IVERPOOL
Dep. 2400 Hrs, 1 v

Lo M V. VESTEROY
L _-=-MV NORDKYN
& - # ROTTERDAM

2  Arr. 1300 Hrs

P i g 3%

v
Y
CAPE o 30
FINISTERRE /-
14/5"’
4
28
N
MADERAL 7
2% &
z/ £
</ 16
CANARY. » 7
ISLANDS g7 0
? "i
25?!'r SCALE
I 1 116,000,000
L 100 0 1 2 3 4 500 Miles
. | 1 1 L 1 ]
244!
o
L SCAPE VERDE
231\:.
A
A\ 80X - FREETOWN
22\ N\ Arr.0435 Hrs TAKORADI
A De%.:sg? irs Arr 1110 Hrs 24 vii
Wox Dep 1800 Hrs, 18 - 1x
oPe
A
\‘\‘
R4




Positions of thermocouplus: Qutward Voyage

o Position
. 4 LOWRE HOLT - )
1 Attached to engines room bulkhead
2 t t 0 1 "
| 3 " t H " t on strinzirs
l 1) H " “ n H at port bulkhead
{ > Attached to engine room bulkhead
| 6 Oon surface of boxed goods
7 " " " " n on stringers
8 Oon port bulkhead.
| 9 On top of propellor-shaft tanrel.
I10 At side of " i "
]ll On surface of boxed goods
12 1 " " " n on stringers
%15 On starboard bulkhead.
ilh At foot of access ladder.
!15 In box beam under shelter deck at top of access
ladder.
NO. 4 SHELTER DECK
16 4t foot of access ladder on shelter deck.
17 or. shelter deck behind cased goods.
18 At top of access ladder on underside of main deck.
19 On port bulkhead
20 On shalter deck, at =ids of lower hold hatch.

21

| S S PP it 5 e

on underside of main desck.,
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TABLE 3 Daily thermocouple readings i _
| nure 12,760 | 13.7.60 i L.7.60 | 15.7.60 | 7.0 17.
TLE| 4.35 ';‘5:;;“’1;;3';""‘;’.15'; 8.30 "'.'15""5;55'{5".:-;5'"{:00 7.10 | 835 1255 6.0 | 9.0
I oo et O oiedts M el il . 51 Tl i 05 s AR BB
!< —DORAN . < SUNVIC .

: 1t 27.0,,.,22.0 26,5 25.0 28.5 !29.2 26.6 30,5 30.9 30,6 30,7 3.8 3lL.1 31.k
§ 2 | 23.0 22,0 23.5 23.0 25,0 !21...8 5.2 27.0 Z27.2 7.5 274 27.9 2.3 28.6
31 250 20,5 2L5 215 25,5 |23 .l 27,5 26.6 5.7 261 26.0 26,1 28.7
i L6 o008 e0es 1058 o 3950 - 23.5 ’25.6 2.7 33.8 25.5 22,8 25,1 23,0 4250080915
5 : 2740/ 25.5 26,0 26.0.. 26,5 {29.2 29.1 30,1 30,7 30,8 30.7 .31.6 @ 315329
1 6 i 20,0 19.0 19«5 205 20,0 }2l.2 217 23,1 236 238 240 243 25 il
| 71 20,0 19.0 18.5 19.5 19.5 {2L.1 213 22.9 23.3 234 23.5 23.6 23.8 2k
_l 8 2 17.5 18.5 17.5 18.5 18.5 [20.9 20.8 22.4 22,5 23.0 22,9 22,5 23.3 23.8
: 9 ‘ 19,0 21.0 19.5 210 215 §22.7 23.1 23.3 23.6 2he3 2he? keI 2448 25,2
i 10 | 20.0 19.0 20,0 20,0 20.5 E21.6 21,5 22.3 21.8 224 234 23,2 23.3 24.0
P11 180 17,5 18.0 19.0 19.5 1203 20,6 21 2L5 221 22,0 22.2 227 234
i 12§ 17.0 17.0 17.0 17.0 18.0 §19..'+ 19.5 20.1 20,3 20,8 21.0 21.1 2.3 21.9
’ 13| 16.0 15.5 165 16,5 17.0 |20.3 20,0 20.4 20.6 20,8 21,0 207 2L1 218
E 1 l 18,5 20,0 21.0 21,0 21.0 }22.8 23,1 22.6 23.2 23.5 24.2 241 245 25,0
! 15 l 21.5 21.5 225 22,0 23.0 [2..5 24.6 27.3 27.1 27.6 27.2 28,1 30.0 28,6

R
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outward voyage. Table 3 (cont'd 2)
7.60. 18,7.50 }_ 19.7.60 20.7.66 22.7.60 2347460
1.40 ﬂ?.OO 5.55 1.14.;'.@;.‘1; FB}O 12,45 7.30 § 8.30 645 8.45 6,15 8,30 6,00
Dalle ._.I:T_'_...:.f_’.m‘ Dallly ia.m. JE a.{r'l:m ﬂp;m:w-i.m. a..m.' poms | Q.M.  DPeMe | aelle Polls
> élﬁg_.. DO R A N >
316 31490003008 312 32.8 | 325 | 3560 35 | B0 340 3.0 340 33,5 3L
CR.OA OB BT N . - 2946 1 29.8 1 29,0, 32,0 3045 29,0 33,0 30.0 32,0 31.0 31.0
BTSN P AN P66 Bl 28311 29,0 31.5 29.0 28,5 30,0 28,0 30,0 29,5 29.5
2500' 1 123,91 27e8 27.2. 126.9 | 33.5 33,0 28,0 28,0 26.0 28,5 . 26,5 2850 U086
SRR INBNCE 2007 BT L a5 s o Bl.0 53,6 30 3.0 32,0 3.0 33,5 33,5 3h.5
25.5 25 ' 245 25.7 2641 | 25,0 T 26.0 - 27.0 276 1 .2850 28,0 27.5 28,0 28,5
24l 23.8 23,7 25.3  25.7 | 25.5 27,5 27.0 26,5 28,0 | 27.5 26.5 26.5 28.0
23.6 23. 22,8 24.2 25,11} 26.0 28,0 28,0 26,5 27.0 26.5 26.5 26,0 27.5
2545 253 2B 2L 26,1 | 25,0 27.0 27.0 27.5 26.0 28.0 28,5 27.0 28,0
23e5 2346 2248 23,9 ek | 2445 25,0 25,0 25,5 25,0 26.5 275 27.5 27.0
22.7 112255 21,5 22,5 2.1 E 23.5 25,0 26,0 24.5 25.5 27.0 26.5 27.5 25.5
21,8  20.) 20,9 21.6 23.5 1 24,0 25,0 25.5 23,5 25.5 ; ; 26.0 25,5 25,5 27.0
2Y.0 " 20,6 2047 22.4 2451 i 2640 2hed 2745 25,5 26.0 § E 26,5 27.0 26,0 26.0
24e9  2ha? 29 b 25.3§ 25.0 245 27.0 2.5 27.0 | E 27.5 27.5 275 2745
i : ; §
29.5 28 27.7 2949 29.6!' 29.5 31.5 31.0 26.5 28,5 i | 30,0 28,0 31.0 32,0

——




/o0 | Iares0 T NIL.7.60
J ey DT T A L

h‘TD{E 11—-15 8035 12035 6.10 8.30 1.10 7.50 8055 1,00 7.10 8.35 12.55 6.10 9.0
ety Ralle el Petls Selle Pells Poeliie Qelle Pellle Pella Qelle Dol Pella Qelle

i

e —

— .

LS P a6 16.7.60 17

r— -

&= DORAN = | - SUNVIC
16 [-E10 218 ' 22,0 “ZLE 2L | Bl Zhal BB 26,1 26,8 T 26,) P57 2.3 2Ta
17 | 21.0 20,0 19,5 20s5 20,5 | 23.0 22,6 23,9 2h9 2T 24T 25,5 25,5 257

18 | 19,0 210 20,0 20,0 24.0 | 23,9 224 30,8 30,9 26,7 29.0 30,7 28.1 31.5
19 BN 5 il T AR U1 25,5 ] 12349 21,1 36,1 289002304 3642230 00E50: 50 36,0
20 GO AR5V IR 0EINLE < 20,0 { 23,3 22,8 23,9 2461 25,0 24,5 ' 2480251 15 ]
1900 M 21,0 L1800 20,56 23.5 | 23.6 23.2 25.9 29,1 25,97 30.9 28,9 253 ,35.8
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18.7.60 19.7.60 20.7.60

- 22,7.60 23760 TR

ey

- ‘*“ AT s o —— : - (cont'a)
Pella i S ell, Palls Pellle Aelle Pellle Palle Selle Pollle Sellle Peile Sellle Pelle

-y P DORA Ne——i Rt
28.2 26.7 28,9 28,9 | 28,0 30,0 26,5 28.0 28,0 29.0 29.0 27.5 29.5

06,1 22.6 26.8 26.8 | 26.5 28,5 29.5 27.5 27.5 29.5 29,5 28.5 29.5

28s3 2745  33.5 2747 | 29,0 40,0 30,5 26.0 26,0 28.5 28,5 26,5 | 29.0

v

DLL8 BB | 264383540 03945 @75 2640 25.5 28.5 25,5 260 275

T S e o, i STV

962 NOBLEIINDGL) 26,6 1 26,5 27«5 27.5 2645 25,5 28.0 28,5 265 2950

27«7 2349 3 27,0 | 3345 405 30,5 27,0 26.5 270 . 28.5  ..26.5 NS LCE

s o




17-vii T‘f8vii I19-vii |'20v'|| I2T~wi I22wi ]23\/1!]

331

o) by

29+

19+




o A 4= AV 1=+

~2

LAabDLt, £

Positions of thermocouples: Quiward Voyage

2ocition

19
20

21

NG. 4 LOWER HOLD

Attached to engine room bulkhead
" n " 1" 1"
" n n " g on striszers i
" " " n " at port bulkheod
Attmched to engine room bulkhead
On surface of boxed goods
n " " " L on stringers
On port buikhead, |
on top of propellor-shaft tunnel.
At sige of mn " n
On surface of boxed goods
i " " " " on stringers
On starboard bulkhead,
At foot of access ladder.
ir box beam under shelter deck at ftop of access

ladder.

e e et et e e e - et i e it e o

NO, 4 SHELTER DECK

At feoot of access ladder on shelter deck.

On shelter deck behind cesed goods.

At top of access ladder cn underside of main deck.
On port bulkhead

On shelter deck, &t sigde of lower hold hatch.

On underside of main deck.

- o - e it . et
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IABLE 3
12.7.60 [:

i :

| Table ' .01,
<

| 27.0 22,0
é 23,0 22,0
g 23,0  20.5
§ 20,0  20.5
é 27,0 25,5
I 20,0 19,0
:

i 20,0 19.0
% 17.5 18.5
! 19,0 21.0
| 20,0 19,0
| 18,0 17.5
{ 17.0 17,0
% 16,0 15,5
E 18.5 20.0
| 21,5 21.5

Aellty

26.5
2345
21.5
19.0

26,0

21.0

22.5

e PPy

i
{
!

= A3 T 5

'{;—-].5 :8935 12'35 6'10 } 8150

Tele | 2l

>
25,0 28,5
23,0 25,0
2155 " 2545
19.0 23.5
26.0 26.5
20,5 20,0
19.5 19.5
18,5 18.5
o0 2L.5
20.0 20.5
19.0 19.5
17.0 18.0
16.5 17.0
21.0 21,0
22,0 23,0

Daily thermocouple reedings s

——_

24.7.60 | 15.7.60 | a0 17.
130 7.50 | 8.5 1400 7.30 | 8.35 12.55 6410 | 9.0
ROSARNAA LA AE TR T
I & STUNVIC
l 292 29,6 30,5 30.9 30,6 30,7 31,8 1.1 314
fzu.e 25.2 27,0 272 7.5 21427 9NN98.3 0 128.6
% 243 241 27,5 26,6 25.7 26,1 26,0 26.1 28.7
} 23¢6 . 21T 3.8 253 22:8 . 251 2300 NP0 29:h
29.2 29,1 30,1 30.7 30.8 30,7 316 315 3249
21,2 © 21T D3.1 236 23,8250 2hed | 2l it
F21,1 21,3 22.9 23.3 23 23,5 23.6 23.8 2hAk
20,9 20,8 2. 22,5 23.0 22,9 22,5 23.3 23.8
i22.7 23,1 233 236 Phed 22 hed 248 25,2
| 21,6 215  22.3 218 24 B 232 233 b
120,53 20,6 2l.1 215 22,1 22,0 22,2 22,7 234
£19.4 19.5 20.1 20.3 20,8 21,0 21.1 21.3 21.9
20,3 20,0 204 20,6 20,8 21,0 20,7 21.1 21.8
22,8 23,1 22,6 23.2 123.5 24.2 241 245 25,0
0o Wb 27.3 27«7 276 27,2 28,1 30,0 2846
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outward voyage. Zable 5 (cent'd 2)

o s | 18.7.60 | 19.?.66 - 20.7.60 22,7.60 23.7.60
?fZE”"‘;f;o "éfE;’*"Zf;E"*Bfléw 8.30 12,45 _;:50 8.30 6.5 | 8.45 6,15 | 8.30 6,00
DPelle Dem. J 8ele Delly Pelle | Bell. Delle DPelle | 8ele P.ms , 8.0, Dile| aele Dolle |

L -.;;§§< e L ORE N e w“%;ﬁ

31.6 31,9  3L35 31.2 32,8 | 32,5 35.0 3.5 0 %0 34,0 & 34.0 30 33.5 3L.5
98,0 28.5 27.h 29.6 29.8 | 29.0 32,0 30.5 29.0 33.0 | 30,0 32,0 31.0 310
/A0S EIRNEDE 6 2B 2803 0109.0-  3l.5 29,0 28,5 30.0 28,0 30,0 29.5 29.5
25.0  23.9  27.8 27.2 26.9 | 33.5 33,0 28.0 28.0 26.0 28¢5 2645 28¢5, w2835
32,8 317 29,7 31l.3 33,3 ! 310 33,5 3.0 34.0 32,0 34,0 33,5 33.5  3keb
955 Pbell 25 BT 26,1 ] 95,0 26,0 27.0 27.5. 280 28.0 27.5 28,0 28,5
241 23.8  23.7 25.3 25.7 | 25.5 27.5 27.0 26.5 28,0 | 27.5 26,5 26.5 28,0
23.6 23 22,8 24.2 25,1} 26,0 28,0 28,0 26,5 27.0 26.5 26.5 26,0 27.5
25.5 25.3 24,5 2L 26,1 | 25,0 27.0 27.0 27.5 26.0 ' 28,0 28,5 27.0 28,0
23,5 2346 22.8 23.9 2hdi | 245 25,0 25.0 25.5 25.0 26.5 27.5 27.5 27.0
22,7 22,5 21.5 22.5 24l 23.5 25,0 25.0 24,5 25.5 27.0 26.5 27.5 25.5

21,8 21.h 20,9 21.6 23,5 24.0 25,0 25,5 23,6 25.5 | 26.0 25,5 25.5 27.0

21,0 20,6 20,7 22.Lh 24,1 26,5 27.0 26.0 26.0

ﬁ
E
| 26,0 2.5 27.5 25,5 26.0
:

T

27.5 27.5 27.5 27.5
30,0 28,0 31.0 32.0

2.9 2l 29 25 25.3] 5.0 A5 2.0 2.5 2740
29.5 2Bk 27.7 9.9 29.6| 29.5 3L5 3L.0 265 28.5
|

B .

- AR Pl . b 8

b e



e e

D.?LU?E 12.?.60 l 1}.?,60 11{-.?.60 15'?'60 | 15.?.60 17

8e35 12435 6,10 | 8,30 1.10 7.50 | 8,55 1,00 7,10 | 8,35 12,55 6,10 | 9.0
a..m. a_.m. P.Iﬂ. a-'mt P.mt plm. Qelle __"").L’l. P-m- a.m. P.m. Pomo Oellle

TIME! 4,15

Peile

- o -

i -

 &———DORAN 2 | € SUNVIC

16 |20 21,0 P20 22,5 2151 Bhi0 Bhel B I 96,8 26,1 267 2.3 Zia
17 | 210 20,0 1945 205 205 | 23.0 22.6 23.9 249 2Zhe? LT 25,5 25.5 25.7
18 | 19,0 2L0 20,0 20,0 24,0 | 23.9 22.4 30,8 30.9 26.7 29.0 30,7 28,1 31,5
19 [ MA7400000945 - 1175 470 25,5 ) 23.9 1 2011 36,1 28,9 23k 36,2 7799:0095:0 36,0
OIS ONIRLE Gl B 0 R0.5 . 20,0 | 23,5 2.8 23.9 2467 25,0 24,5 24,8051 o6LL
21 9O 2,0 IH 0 R20,5 23,5 | 23.6 23,2 25,9 29,1 25,9 30,9 28.9 " 2750 35.8




T 19.7.60

20.7.60 22,7260 TP pSaree T Y
14O 7.00 | 8.55 1.45 8.10 | 8,30 1245 7.30 | 8,30 6.5 8.5 6415 | 8,30 6400
Delle  Dslle | Selle Pele DPelle | 8ele Pefle Delle | Aelle  Pollie 8els  Polle | Qelle  Dele
: > |« DORAN =
28.1 28,2 26,7 28,9 28.9 | 28,0 30,0 26,5 28,0 28,0 29.0 29.0 27.5 9.5
7.2 26,1 22.6 26,8 26,8 | 26,5 28,5 29.5 27.5  27.5 | 29.5 29.5 28,5 29.5
a1 28,3 27.5  33.5 2747 | 29.0 40,0 30,5 26,0 26,0 5 28.5 28.5 26,5  29.0
30,0 248 334  31.3 26,3 1 35.0 39.5 27.5 26.0 25.5 t 28.5 25.5 26.0 2745
26,2 26,2 25,5 26y 26.6 | 26,5 27.5 27.5 26,5 25.5 ! 28.0 28,5 26,5 29.0
a3 2747 2349 3hoh 27,0 | 3345 405 30.5 27.0 2645 ! 27.0 28,5 26.5 31.0
i

TABLE 3
(contta)
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15
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TLBLE L 2. hour thermocouple readings
S e e s e
| 855 10,05 1110 |12,3 1.45 2.57 3.45 yis 605
T Tms T ms a3 | 28 sz 320 o6 52.6 329
274 2B 289 | 29.3 296 29.3 29.7 b - o8
26,6 28,5 28.6 I 28, 28  29.0 29,1 29,1 287
i 27.8 3242 29.8 { 27.8 27.2 27.8 28.L 284 27+3
29.7 31.5 31k % 32.3 31,3 33.1 33.0 33,1 35.1
245 2540 2543 ‘ 25.8 25.7 25.8 25.7 2549 2547
2347 2,45 2k .3 ' 25.2 25.3 25.7 26.0 25.7 26.1
22.8 2347 2.3 | 25,0  #.2 5.8 oGHine - 25Tl aNe
D25 2448 25.8 E 25,0 2ol 25,5 25.7 25,9 2549
= 228 Dla2 2349 ‘ Bles? 23.9 243 2140 2440 2he2
| 21.5 23.3 22,5 | 23.6 22.5 23.8 2,3 2,0 2346
| 209 22,5 213 | 22.3 21.6 22.9 23.1 23.2 22.7
b 20,7 22,0 22,0 23,4 22 2yy2 2.9 R 2ok
2. B W | 2.3 5 Bk B2 252 R
b 2747 2940 2847 E 2943 2949 30.2 3043 2949 o
26,7 27 27.8 | 28. 28.9 28.9 29.0 2849 28.9
L 2246 25.5 26,1 | 26.5 26.8 27.0 27.0 26.6 26.8



outwerd voyage.

2547
2543
25.8

2.0
23.2
2.0
254
297
28.9
26.7

L e

8.10

32.8
29.8
28,3
2649
3343
26.1
ZhaT
25,1
26.1
2l
2.1
2345
2.1
2543
29.6
28.9
26.8

R s

9.07

. W T

334
25.6
27.8
26,0
335
26.2
25e3
21,8
26.1
2.2
239
23,1
23.8
25.3
30,0
27.6

27.0

L b = i o

10,00
33els

2949

28.3

oz

Table 4 (cont'd 1)

.4...4.-£,_.w.. e g
11,00} 00,02 1.02 2,10 3,05
N K
3040 E 3045 29,1 29.1 28.7
28.2 ; 28.2 27.8 274 274
26,0 2546 25,5 25,8 2l .8
333 | 333 52,8 33 32.7
26,1 g 26.1 26,6 26,0 25,9
2542 % 2543 25.5 25.5 25.2
25,0 g 25,0 25.1 25.1 25,7
2544 ? 26.3 26.4 26.3 27.0
2.9 | 245 2.5 25.3 2.8
2,1 é 2h .2 241 25.2 2342
23,2 23.5 23.6 24l 22.8
el ; 243 2445 25.7 2y ok
25.6 é 2546 25.5 2544 26.1
29,7 § 29 ot 28.7 28,5 28.3
28,5 | 28.7 28.6 27.9 27.5
27,0 2740 26,9 27,0 26.6

B e B I e
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Jeather conditions:

BLE 5

Homeward Vovage

I

-

— s
) Wind . N . _ State of
0 | Poroe Details of weathoer as per Log Bock Ventilation
W2 Sea 2 - Cloudy - showers. Barometer 29,76 Through vents
alr Temp 25C - 3ea Temp 240 hold entrances
& hatch Nos. 1,
except during
Variable| Sea 3 - Cvercast Showers, Barometer 29,76 showers
3 Temp 260 - Sea Temy 25
SW 4. Sea I - Overcast Heavy Rain, Barometer 29,64 closed
Air Temp 25C - Sea Temp 24,75
o7 5 8en 5 - Overcast Heavy Rain. Barometer 29,55 - do -
Al Temp 28C - Ses Temp 27,75
sw 7 Sea & - Overcast Rain. Baroneter 29,56 ~ do -
Air Temp 24T ~ Sca Temp 28,25
SE & Sea 5 - Overcast showers., Barometer 29,67 - do -
Alr Temp 27C - Sea Temp 24,5
N5 Sea 4 - Overcast. Barometer 29,8 Through vents
Bea Temp 22C = Alr Temp 24,75 hold entrances
& hatches 1,3
NNE 5 | Sea 5 - Overcast showers, Barometer 29,98 except during
Adlr Tenp 24C - Sea Temp 22,25 showers
NNE 4 | Sea 4 - Cloudy, Barometer 29,86 - do -
alr Tenp 235C - Sea Temp 22.5
NY 2 Sea 2 - Cloudy, Barometer 29,86 - do -
Air Temp 220 - Sea Temp 23,75
V500 8w 7 Sea 7 - Clondy showers., Barometer 29,38 - do -
Air Temp 18C ~ Sea Temp 22,25
2900 WSW 7 | Sea 7 - Cloudy showers, DBarometer 29,2 - do -
Alr Temp 29,2 ~ Sea Tenmp 20.25
A060 0 T L Sea L - Qvercast showers. Barometer 29,4 - do -
Air Temp 15C - Sea Temp 15.5
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e TABLE b

Positions of tacrmociuples: Homeward Voyage

Nc @ Position

e —

| NO. 3 STARBOARD DEZP TANK

1 On top «f stack under dunnage.

Z | Under top bag of stack,

H

Under dunnage on edge of stack.
1

. 4 | Against engine room bulkhead.

5 | on top of stack below water pipe casing.
. In ventilation shaft 19 bags up from bottom.
i q ) ) ) S : )

9 6 bags down from surface layer, between bage.
o 2 B i N i 4

11 On top of stack under shelter deck.

12 At  edge of stack.

13 | Agzinst starboard bulkhead.

14 On shelter deck.

- 15 s bags down from surface layer, batween bags.

Hiohygro-
raphs

& Retween top layer of bags, coversd with dunnage.
B | In space under top layer of bags.

]
D! On top of stack, covered with dunnage.,




TABLE 6 (cont'd 2)

Position

NO. 1 SHELTER DECK

3 bags above lower hold hatch boards.

3 bags above shelter deck.

n " 1" n "

Against starboard bulkhead.

. 8 i i i,

NO. 3 SHELTER DECK

2 bags down from top of stack
Under top bag on edge of stack

Against starboard bulkhead.

On top of stack, covered with dunnage.

B ] —



Fig. 15

No.3 Stbd.

— 1 Deep Tank

e ————

Bagged Cocoa

14

| Galley Stores
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o .

TABLE 7 Daily themmocouple readings: Homseward voyage.
OC recorded from Sunvic, M.S. NORDKYM Ships Time
19.9.60 20,9, 60 21.9, 60 T 22.9.60
memel70 85 L2 630 &40 200 715 8.0  12.50
No, | Pele a.m. p.m., Pell. a.m, Pl p.m, 20, Pele

o i . W e 4 e

1 27.8 27.8 28,5 275 27,7 27.8 28.3 .28.3 29,5
2 28., 28,8 28,7 28,2 28,8 28,5 29,1 28.8 29,8

3 54 30.8 31.4 31.1 31.9 32,8 3.4 33.1 5443
b SLs5 32,2 3.6 31.8 3542 35ek 53.9 354 35.3
5 28,5 28.3% 28, 3 284,53 28,4 28,5 28.8 28,7 29. L
6 28,0 28,8 28,7 28,7 28.8 28,7 28,9 28.8 29,4
7 27.8 28.3 28,2 28,4 29,0 aus 7 29,2 29.0 30.0
8 26,0 26.8 26,7 27e 4 28,3 28,0 28.3 28,2 29,1
9 28,0 28,0 28,0 27.5 28,2 27,5 28,2 28,3 28.5
10 27.8 27.8 28,0 275 28,0 aeE). 28,2 2T 2815
13 : 28,7 28.5 2y 7 28,6 28.5 28,3 28,5 28.5 293

12 28.5 29,0 28,9 28.5 28.1 27T 27.6 28,0 29,3
13 26,7 22T 29,4 27.6 26.5 26,9 25.8 22 30.1
1 27.2 27.0 27.5 iy R 26,8 26,7 26,8 26,7 28,3

15 29,3 27.7 29,1 29,1 1.0 27.7 27.8 28,2 28,6




T————

Thermc—
couple

-

o,

21

22

23

+ pws

1

o o~ Oy

10

1L
12

: 19.9.80 20.9.60 21,9.60 22,9.60
7.16 8.50 1.20 6. 30 8.40 2,00 715 8. 30 12.50

__P-m- .M. PsIs P.m. 8.0, P.m, P, a.m, Pell,
3243 32,3 32.5 32,2 32.9 32,1 31.9 32.0 32T
33.5 33.1 33.5 33.0 32,1 32.7 32,5 3243 el
25,6 29:2 31.2 27.8 24,9 25,2 24,8 25,1 2 % |
22,9.60 23,9, 60 24,9,60 25, 9.0
7.55 8.0 12,45 7.15 6,35 12,20 350 8.15 6,50
Dol 8.1, P.. Poills a.m, Pell. Pea. P.m, a.m,
30.7 29.6 29.4 30.0 30,4 29.9 30.3 29,3 27.6
30,6 29.9 29,9 30.3 3.2 0.7 3.7 30,9 30.9
3543 34,0 3345 33.6 39 a6 hve 34.0 31,2
38,6 3543 30.1 35.5 36.1 35.9 36.1 3he3 31.7
30,4 29.7 29.8 29,8 30.9 50, 2 30,6 28.9 28,2
29,7 28,8 29,0 29,0 29.2 29.3 296 28,9 28,8
30,2 29.4 29.4 29.5 30.0 30.3 30.2 29.4. 29.7
28.6 28,2 2845 2845 28.9 29,1 29.0 27e7 26.7
28,3 28,0 27.9 28,2 284 28,7 2.5 4 28,1
28,2 28,1 27.9 28,2  28.5 28,6 28,6  27.8 28,1
30.1 29,5 29,1 29,3 30,5 30,1 30,2 29,0 28,2
29,0 28,4 28,3 28.6 29,0 29,6 29,5 28,3 2761

TaBLE 7

(cont'd 2)



TABLE 7

22,960 23.9.60 24, 9,62 25.9.60  (eont'd 3)
MmO 55 840 1245 715 635 1220 350 B8.15 6.5
OE’P e DaMs - 11 P P.D. p.m. a,m, P.fﬁ. p_m. P.m. A0,
Qe o
13 29,0 28,0 27,9 27.7 28,0 29 28,1 25, 25,0
Ly 29.1 27,9 27.3 27.6 27,9 28,1 28,1 28,6 23,6
15 I 29,0 28,4 28, 3 28,3 285 29,1 29,0 28,3 28,8

21 32,8 5250 5243 32,2 32.5 33.0 32,8 32.0 31.5
22 33k 32,6 32.8 3233 5249 333 33.0 3.4 33.0

25 9, 60 26, 9. 60 27.9.50

PES0T - 350 8.35 64.35 11,15 1590 8,00 Fe2h 12.35

A, M P, P.m, a,m, a,in, Pelle Poilla 2,.m, p.m.

o

L 27.0 éé.é 27,0 25,8 26.8 27,6 26,8 26,0 26.5
2 30.9 30,7 9143 30.6 30.5 30,2 30,1 29,2 23,1
3 70.7 30,8 304 3 30,0 30.1 30.1 30.9 31,0 314
L Fls0 31.3 314 30.5 30.5 30.8 31.7 31.5 32.1
5 28,0 21.6 27.9 27. 9 27.5 27.5 28,0 27.3 27.8
6 28.3 28,5 28,8 29,1 28,5 28,5 29,1 28,3  28.%
7 29.0 294 29,3 29.6 29.3 29.2 29,5 28,8 29,0

8 26,0 26,1 26.1 26,1 27.6 26,4 2649 26,6 27.6

9 277 28,2 28.4 28,5 28.6 28,6 28,8 28,L4 28,7



= TABLE 7
T [25.9.60 26, 9. 60 27+ 9. %0 . Teont'a k)
Eherio' 11,05 3,30 8,35 4,35 11,15 3.30 8,00 7.25 12,35
co%g ° a,.m, p-m‘ le. a.m. a.mi P.m. : p.m' a, 1, P'm.
RO

10 27.7 28,2 28.5 28,6 28.4 28,6 28,8 28.1 28,6
11 26,7 275 283 27.5 22 2.3 2.3 26,5 203
22 |24.8 265 269 264 27.0 265 264 25,7 26,8
13 23.0 24,2 25,0 249 26,6 244 2.6 26,6 26,9
B | 231 23 2.7 250 250 25,3 251 258 249
15 |27.5 28.7 28,7 28,9 28,7 28,6 28,8 28,3 27.8
21 31,8 3,4k 30.5 30.5 30,8 30,0 30.8 29,1 29.%
22 |32,5 320 3.6 323 3L9 3.5 3.8 30.8 30.9
23 26,6 2346 21,7 22,8 32.0 24,0 22,8 2642 29,6

27.9.60 28,9,60 25.9.60 30.9.60

5.50 7.05 13,35 3.15 8.10 7.20 3.0, 585 7. 30
P.m. a.m, 8.0, Pe.lls Pels 8,0, P, Pallle Qell,

1 25.9 25.h 25,7 25.2 2h. 7 24.3 23.8 23.7 21.3

2 28,4 28,5 28,0 28,4 28,1 27.8 28,0 27.8 274
3 |3.8 30,3 30,1 3.8 3.2 3.1 29.8 28,7 27.8
Y |31.6 3.1 31,0 31,7 3.1 30,8 30.k 298 28,6
5 |26.9 26,8 26,7 26,2 25.7 25,3 25.3 25.2 22,9

o
N
0
L]

o

28,0 28,4 27.5 27.8 2., 27.2 27,0 25.6




Thermo-
couple
No,

o

21

22

23

27.9.60 28.9.60 | 30.9.60  (oortrin
5.50  7.05 3.15 8,10 .12.30 5,55 7430
P.n, a,m, p.m, D.o, B, P, a.m,
28,2 28,0 27.8 27.7 2?2 27.1 26.1
26,0 25,5 25,2 2,3 23,8 25,7 2.9

l28.2 28,0 27.8 274 272 AR 256
27.8 27.5 27.3 27.0 26,5 25.4 24,5
26,3 25:5 25.8 25,2 24,8 2. 7 21.9
25:8 25,0 25.5 24,7 24,1 23,8 21.9
2445 26,4 2,6 23.2 22,9 21.6 21,0
24,5 23,2 22,5 22,k 22,0 22,3 17.0
28,0 27.9 27.5 27.5 27.2 27.2 27,0

27.9 A 27.8 27.8
27.0 25.7 26,7 26,5
25.8 25,2 25,2 24,8
21,3 19,1 17.8 27+ 3
29. 4 29.4 29.0 28.8 29,1 29,0 28.7
0.9 30.2 29.9 29.8 28.9 28.5 26,9
23,9 25.6 6 24,9 21,0 20,2 18.9 19,3




30, 9..60 1.10,60 2.10.50 %%5%%?526) ——

Thermo- 12.35 5,10 8,20 124 50 54 30 8.00 11.L0

co;g?e o1 Pella a,m, Pa.lla Polle 8,1, Bell,
1 26;8 21.%:* ’55:5 22,1 21;;; 20.9 21,1
2 27,0 26,7 25,3 26,0 25,9 2Du2 254
3 27.3 2.7 27.8 27,2 25,9 244 2.3
4 27.9 28,k 28.5 28.1 27,0 2, 8 25.4
5 I 22.6 23,2 2109, 22,5 22,8 296 22,0
6 2525 26,5 251 2 25 23.8 24,7
¥ 25.4L 25.k 24,6 2Ll 24, 5 23,6 23. 9
8 20,1 21.9 19,9 21..0 21,k 19,8 20,9
9 951 @53 - 2L 25,1 25,2 425,2 | 25,3
10 23,8 2h,2 23¢3 23. 4 23.3 23.2 234
11 | 21.8 22.5 21,6 22,1 22,5 21.B 219
12 21,5 22,0 21,9 22,060 21.7.5821.0 22,0

20,0 27.8 20, 7 19,7 20.4 21,3

no
O
.

.F-‘

1D
1 18,2 20,k 18.1 19, { 18,7 1L7 g 19.5
15 26,8 26.7 26,5 26,1 26,2 25.6 25,6

15 27.5 27.7 27.6 28.0 27.5 27.5 28.1

17 26,3 26,3 2640 26e 3 25.8 26,0 26,1
2

13 2L, 5 2he3 2l 1 2k, 23.8 23,6 24,1



B

ko | 30. 9. 60 1.10, 60 2,10.60 TABLE 7 "
- . S — (cont'd 7)
sorle 112,35 6,10 8,20 12.30 .30  8.00 1140

& P, p.m, a.m, Polie P.n, a,.m, B 4ille

No. (S s PICE W s T _ - N s 5SRO T W W S

19 123,0  (18.0)2 26.4 19,5 16,9 20,7 26,3

21 28.2{. 28. 5 28-1 2?'8 2?05 25.’1"- 2505

23 25,7 170 22.3 18.9 17,0 19.0 23, 3
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Fig.

MV. NORDKYN CASELEBA C.
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TABLZE 8 MOISTURE CONTENT READINGS FRONM AIR SHAFTS
SHAFT

No of bags

below top A B c :

of stack

PORT AFT STBD FRD AV . PORT AFT STED FRD AV PORT AT STBD FnD AV
l 603‘ 6.5 5.9 6.0 6-2 8-6 702 700 709 ?39 607 802 e 9.0 8.7
Bel 847 19 8¢9
2 7. : ?o l 6- 5 60 9 70 O
A 9-5 903 8-8 8-9 9-1 306 9-0 8-2 8-9 9-1
L 7.8 79 7.8 fe2 ~ {aF
5 8.8 9.3 85 87 8990 95 92 87 9.1
& B2 3 8.5 .t 8.0
7 %1 9.1 85 7.9 87|33 8.5 8.7 8.8 8.6
8 8.2 8.0 8.3 8,3 8.2 “
Shaft
Average 7.3 8,6 8.9

N, B. Top of Shaft C was 3 bags higher than the tops of the other Shafts.



P4 BLZE 9., Sample Insect Count Forms: Ghana Cocoa liarcketing Board Insect Control Unit

S Takoradi,
INSECT COUNT _——
SHIF Nordkyn DESTINATION  Hamburg DATE 13.9.50 SEAL NC. 7
1959 - 60 L/C
L) ]
—i fes] (7]
" + ~ + =
2 = O e Cocoa hioth O O
&) i D - 1] 1] Liat
o (el 193] _ g @ ) 9]
m - 7] @ =] [=] —
! O - B o A - = H o -
2 = o o 9 @ ~ &5 o o o
o ) © = o a + o @ o £ ~ a @ @ I
o ~ o % 3 Q | @ I ] @ o = 54 2
¢ & o & 2 s o o 5 a ¥ g > = & . dg
= ] 78 D) | ST & = & — = o £ " o 61
| 100 I 7 318 14 2 3 - - - 1 - 8 S/L
| 100 ; |
WaoasiT- oA T - 2 - = = = 7 0§ 5/L .
100 I 7 285 S 5 L - - - 3 1 15 5/L '§ !
2 0 i
8 1100 I 7 oo o - - - - - - - - /L £
i |
21 1w0 17 2% 3 - - - - - 3 2 5 S/L 5
TOTALS | 300 7 11 - - - 1 & & &8 8/L
100 T 7 399 3 I 2 - - - 2 - 8 $/L
100 T 7 285 7 - - - - - & 2 6 S/L
ia
wtg 100 I 7 177 2 1 = = & = = & 1 /L :;
: (1]
8 . 7 o
* } 100 I 7 275 5 - 3 - - - 1 1 5 s/L ™
(]
100 E 7 285 10 - - - - - - - - s/L
TOTALS 500 5 5 - = - 7 3 20 %0 S/L




9 (cont'd 2) INSECT COUNT

Ta BLE

o — i i i

DeTTa]
paeseg

|

a9a8a( |

GowaBpAY

$3098UT TPI0j
4300SUT J9UL0

ENTTOY Ta ],

DEALIT]

sudng _
1

Cocoa ioth

FTORY

TTABSL, BOOOD |
1

cuoqsoaw

.

aT39e;

"0 20T

Oy &, PRI

s/L

10

o

POSSE]

———— e et it

1
|
1
_
i
i
i
]
]
i
_
!
H
!
!
i
]
1
‘
i
|
i
|
]
i
{
! "ol

i  a  ——— i SR — o e )

o — e — —

e

TCTALS

C o 5 e e s et

FrODICE

|

INSSBCTOR OF

T0

D, K, addo

TS
i

FAME OF INSECT CQUNTE

SIGNATULRE,



INSECT COUNT

9 (con'td 3)

TABLE

SEAL NO. 7

13.9.50

DATE

Hamburg

DESTITATION

Nordkyn

SHIP

1/

1959-60

e e —— s

PITT®g
POSST]

asadaq

B8EBIGAY

§3088UT T®IOL

S709SUT J9Y30

IMTTOQTA

mmbamm“

|

ordng

Cocoa lioth

¥
qu@ﬂm

TTAB9), B0OOQY

8T109¢ 000BqOy,

"0 40T |

]
|
* QAT o 0 !

oy s, w@mmcw
* O} ﬁmmm#

apean

sfeq Jo ‘oy

S/L

100

s/1

10

100

pesseg
A oA A
B oo o

i I 1
4 i 1
o~ 1 1
od &Y} o
= ~ |

b,
Ay
G A

i
I
E

Q
]
—

100
100

INOqIBH

nesseJ
S8 g i
0 & o %
o O
- -
%5 Loy
~ o (on) O
MY —
|
\
!
ol = e
1]
|
) t 1 i
1 1 t 1
1 1 ) 1
IR i —
i
t
1
= g i —
|
\D i T ey
o ke
; —
!
1
: |
g Y
B A
M~ P~
i —
o < =
Q m - ~F
(3 _ = —
- ]
o (<}
= TPBLONE] ;
: g
O
< =]




APPENDIX

LIST OF INSECTS RRMCORDED ON M.V, NORDATYR.

No,

Ho.

No.

3 DEEP TANKS,

Araecerus fasiculatus Deln

Lasigderma serricoprne W,

Tribolium castaneum L.

% SHELT®R DRCK,

Necrobia rufipes DcG-

Ahasverus adveana "altl,

Oryzaephilus surinamensis L,

Caryoohilus dimidiatus I,

Rhizopertia dominica F.

Dormestes ater Deq,

Dermestes maculatus Dag.

Sitophilus granarius L,

Niptus hololeucus Tald.

1 LoCK®2 (No. 2 SHELTER DECK)

Dermestes lardarius L.

Yery few on cocod,

n 1] tr "

Pairly large number on copra,
Yoderate i " "
Very few
Pew n i
Very Tew
Pew pn fish residues on copra,
Vory few 1t t i it

Very few in deck residues,

One adult " " "

One adult on bagned coffee,

(ex, Victoria, British Cameroons).
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