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ABSTRACT

EFFECTS OF ENVIRONMENTAL TEMPERATURE ON
SELECTED BLOOD SHIPPING CONTAINERS

OBJECTIVE

Evaluation of the protection atforded blood when packed in selected blood shipping containers and
subjected to various environmental tempesatures,

METHODS AND PROCEDURES

Loaded blood shipping containers were preconditioned 1o a temperature of 4°C. A Yellow Springs
Model 47 cleven-point scanning telethermometer with themistor probes was used to measure the
temperature of the test units. The thermmistor probes were placed inside the bag ncar the iniddie. Corner
units, being the most exposed, were the monitoring units in these studies sinee they responded fascer to
external environmental changes than did the ¢enter units. Temperature measurements were made
simultancously. lce was weighed at the beginning of the experiment and again when the wemperature in the
coiaer units reached 10°C. The climatic room was controlled within £ 1,09C at selected wmpermures.

RESULTS AND CONCLUSION

The relationship between temperature holding capacity of cach type of box versus tme shows that
the standard cardboard box with insulating plastic insert is three times more effective than the uninsulated
standard container. Also, the presence of unmelted ice within the shipping container cannot be considered
reliable sign of safe blood temperature. Thus, it would be more practical and safer to measuse the
temperature of the blood in the box than to rely on the amount of unmelted ice as a guide to blood
usability.




EFFECTS OF ENVIRONMENTAL TEMPERATURE ON
SELECTED BLOOD SHIPPING CONTAINERS

INTRODUCTIOWN

The therapeutic value of blood dates back to antiquity, but transfusion, in the modern sense of the
termn, became a reality only when problems with blood coagulation, agglutination, hemolysis and infections
following transtusion could be overcome. During World War 1, a specific blood transtusion technique was
developed theough the combined effurts of surgeons from Great Britain and the Unitrd States.

The goaecul practice was to collect the blood within 4 6 10 8 mile arca, haul it by ambulavce over
rough roeis .1 storage in an icebox, to be used within 10 to 14 days. In contrast, present-day bloou hanks
supply blond, with a two. 1o threefold increase in shelf Jife, to American and Allicd armies many thousand
miles away from the collecting station. Yet, two major prablerias common to both blood banking periods
still remain--that of mechanical transport and maintenance of satisfactory storage temperature.

For more than two decades, the standard acceptable maximum temperature that blood may reach and
still be considered of goud quality is 10YC. Work by Gibson, Parpart and others, immediately following
World War 11, provided evidence supporting this as a safe temperature (1, 2). There are several reports
indicating the need to maintain blood at Jow temperatures. Hughes-Jones, in 1958, measured
posttranstusion survival of erythrocytes stored at temperatures fluctuating from 4 to 109C and found the
survival reduced by 11% (6). At temperatures above 159C, Gibson reported markedly accelerated
deterioration of blowd (2).

Concern for proper mechanical transport and maintenance of a safe temperature of the blood,
combined with the misconception that plasima was an effective substitute for blood, instially delayed the
development of the whole blood bank concept (3, 4). Signiticant progress began, however, in 1942,
following the Allied invasion ot North Africa. During this invasion, the prublems of blood therapy were
sharply brought to light when the high rate of casualties demonstrated the inadequacy of plasma as a whole
blood replacement. The British were the first to recognize this and aided in developing an organized blood
bank program for the Allied Forces involving transoceanic blood exchange between the United States and
European nations.

Various biood shipping containers have been designed to protect the blood in transit. One of the first
containers was made of plywood and built by a ficld medical unit. The lid was attached to the box with
common door hinges. Salvaged blankets were used as cushioning and insulation, Another shipper was the
Church container which provided ample protection and refrigeration for the blood and was used primarily
in rail shipments. During World War 11, the mamite can was also used exteonsively. The can was normally
packed with 10 bottles of blood, 10 recipient sets, and 10 pounds of wet ice. This system of refrigeration
usually provided storage a1 4 to 4.59C for 40 hours at ambient temperatures of 18 10 28°C. However, the
common disadvantages of many of these containers, particulatly the marmite can, were high cost, excessive
weight, and lack of durability.

As various shipping containers were designed, new transportation methods were developed, including
the use of air delivery by cargo chutes (Fig. 1). Recent advent of the helicopter as a medical transportation
toal has reduced the necessity of parachute supply. Other methods are still being devised to meet unusual
situations in which terrain, environmental conditions, and enemy forces may prevent the landing of a
helicopter and the deliverance of blood and blood products by ustal over-land transportation. including
parachutes. New types of cushioning material, particularly plastic sheets containing trapped air bubbles,
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were developed that provided sufficient protection o pemiit wiv delivery of whole Mood or frozen plasma
by tree fall diop wthout the ose of parachutes. Furthemmoe, the iechnigque can be modified for use with
fixed wing aireratt, as well as helicopters, and has been favared by pilots in Vietnam (S).

The other major factor emgins-that of temperatwee. Maintaining blood within a faith narrow
temperature range s genctally o minor problem exeept when the blood is being shipped. At the time of
shipment, the only practical poitable wettigerant, wet ice, must be added. Additional ice may be required
during the tripateither the outside remperature is exeessively higiv or the time in transit is jong.

o current blood banking operations, a shapping box is normally packed with 15 units of whole blowd
andd 1 poaids ol wo e, Though the i is poemally the celrigerant it has often been used as a monitor of
satistactory shipping temperatures. Finding ice stdl present when the shipment was recewved, one would
expeet the temperature to have been maintained at 10%C or tower and the blood still be usable, The
purpose of this repart is to present observations on the amount of ice peesent and the actual temperature of
the blood units within selected blood shipping containers at various ciwvironmental temperateres.

Fig. 1. Cargo chute,

METHODS AND MATERIALS

The method for measuring the temperature of the individual units was examined first. Three
thermistor probes were used. Two were placed inside the bag with one near the top and the other near the
bottom. The third was placed outside the bag near its center. Simultancous measurements from all three
were obtained and values over time are shown in Figure 2. The differences between the temperatures at the
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three positions were negligible and subsequent monitoring was done with one probe inside the bag near the g
middle. Comer units, being the most exposed, responded faster to external envitonmentas changes than dig ]
the center units. as shown in Figure 3, and thus were chosen as the logieal units to monitar, 4
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Fig. 3. Temperaure of eenter units versus corner units.
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The three boxes studied are shown in Figure 4. Inthe cemten is the plastic Tines to be insened . On one
side iv the standard box and on the other s the spme box with plastic cushioning material (Air Cap).
Muasitements were made periodivally from the time the efrigerated units were placed i the prescooted
boxes until the eaperiment was temmined on the thud.or fourth day. The temperatue results were
wraphed and the time from the stark untit the units reached 100€ was consulered erineal. in addition, the

wenht of the e was meastired ot the beginning of e experiment snd wher the femperature seached
10V,

Fig. 4. The three shipping boxes studied.

RESULTS

Figure § illusiiates the performance of the standard box. without insulating material, in an
environmental temperature of 289C. Note that the temperature of the blood had already reached the top of
the socalled satety 2one of 10UC by 10 hours. At that aime, 7 pounds of ice, or half the original amount,
ware still present. Thowgh the presence of ice has been used 10 indicate that the box was still at a safe
temperature of 109°C or less, it is apparent that wlter 10 hours, despite the presence of ice, the wemperature
of the blood had excecded the sate temperature. In gddition, the box was resiced and the wemperare of
the units was not reduced by the added 14 pounds of ice. The units remained at relatively the same
temperature, and then continued to warm; thus, the ice did not actuglly ¢ool the blood.
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Fig. 5. Performance of the standard box in 28°C environment.

Figure 6 shows the advantuge of additional insulation afforded by the insert at an envitonmental
temperature of J09C, and also the shorp ditference in time required for cach bux to reach 109C, Again,
note that 9.5 pounds of ice in the standard box remained unmelted. Moreover, it the ratio of ice melting to
temperature rise continued at the sume rate, the temperature would soon be over 200C and stilt contain
unmelted iee.
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Fig. 6, Perfer= mee of the standard box with and without
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In a tropiclihe ompérntuee of IR with RIF7 actative humidity, the standatd box protected the

blood below OV tag valt 8 howgs, while the iert and o heavies imgulated box provided the saime
protection for 1S and 25 howes, respeetivedy o threes and fivetold sdvantage. A graphic compansan shown
in Fagare 7 elemlby depicts this advantage
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Fig. 7. Comparison of the regular shipping box withand
and without the insert and » heavier insulated box,
DISCUSSION

Though the instructions on the present stundard box preseribe redeing at deast every 24 hours, of
more often if external temperatures are over 330C or 90V, it is apparent that these guidelines may fail 10
maintain the units at a sale temperatire. The relationship between einperatiiic-holding capacity of cach
type of box and time shows that the stundard cardboutd box with insulating plastic insert is three times
more offective than the uninsulated container. The findings of these temperature studies would indicate
that the effects of external temperatuses can best be modified by more etfective insulation, Present militaey
activitivs, requiring long distance shipment of blood, have a need Tor tempeniture protection, and tw
insertion of the plastic hner has provided an immediste answer as tong as the exeernal envitonmental
temperatures remain celatively temperate,

The generalization often made that the presence of ice is satistuctory evidence as to the temperature
of the box is clearly in crror. The presence of anielted ive cannot be consideted 2 reliable sigh of sufe
blood temperature. bn addition, wet ice added to the contuiner did not lower the temperature of the bload
in these studivs. Hence, it contrast o the monitoring of the blood bank refrigerator, which must be
continuous 1o protect the blood trom the effects of both wamming and caaling, the temperature of the
blood in the shipping box can only become wamer. Thus, it would scemv practical and important to
measure the temperature of the blood iin the box because this temperature would represemt the actual
maximum temperatuse. A variety of methods exists for monitoring temperatures; however, simply placing a

6
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thesmomeres inside the box or among the unjts would be g better exttiate ol e Moud temperatates w the
ficld than ackying on the ot of unmelted ke Oibwr mose wphistieated micisures may became
necessiy to meel special needs involved i lome distance shigpaing, though cutrenn ag delivery methods,
usitg insetts mder controbivd environmental wmpeatmes, e been able 1o meet present overseas miitar

needs.
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