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ABSTRACT

FROZEN BLOOD SHIPPING

OBJECT I VE

To recommend a shipping container with packaging techniques designed
to provide optimum protection for frozen blood during long distance ship-
ping. -

RESULTS

Data presented prescribe packaging techniques that will afford anple
protection from temperature fluctuation for frozen blood when properly
packed in a designated shipping contairer.

CONCLUSION

The recommendation contained herein relates to a shipping container
presently available in the military supply system. Shipping boxes de-
signed specifically for frozen blood are uiider study.
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FROZEN BLOOD SHII'PINC 1im
INTRODUCT ION

Since the earliest recorded history man has displayed an unremit-

ting interest regarding alteration of the normal process of aging. Un-
til recently,, I.'I'-.,,, wo7! hae bpen directed toward preservation of liv-
Ing tissues at low temperatures in an attempt to retard aging. Uork by
Luyet and Gehenlo (2) and Polge et at (4) marks the general beginning of
modern studies along these lines. Observations by the latter regarding
the effects of freezing on bull sperm led to a study investigating the
possible pres,-rvation of blood at t, eratures below freezing. A review

, of current literature will reveal a comprehensive treatise indicatin%
- the success, practicability, and clinical acceptance of blood which has

been frozen. Preservation of human blood in the frozen state has now
advanced from the experimental stage to cliriical utilization., Both the
Army and the Navy, inc luding The Blood Bank Center at the US Army Medical
Research Laboratory, Fort Knox, Kentucky, have established frozen blood
banks. During the recent Southeast Asia conflict, the Navy created an
experimental frozen blood bank at the :eaval Station Hospital, Da Nang,
South Vietnam.

One of the primary obstacles to frozen blood preservation has been
heinolysis upon thawing due to osmotic stress on the red cell membrane.
The formation of extracellular ice crystals causes dehydration of cells
and increases solute concentration in the unfrozen liQuid, rendering the
cells less durable. .

The basic technique, designed to circumvent these probleims whileI preserving cell integrity during the freeze-thaw process, has been the
addition of glycerol as an agent to mitigate cell destruction by re-
ducing the mole fraction of water available for crystallization. The
additive may be used either in high concentrations of 40 to 50% in con-

junction with slow freezing, down to -800C, or low concentration with
rapid freezing using liquid nitrogen (1).

A storage temperature of -80%C is adequate for periods in excess
of ten years (3). On the basis of in vitro assays, a temperature above
-60%C is unsatisfactory for storage in excess of a few weeks. Fluctua-

f tions in storage temperature of 100C above or below 380%C have no adverse
effect.

The cost is higher when preserving red cells by the freezing method,
but the attributes that make it superior are the concomitant prolonged
storage characteristic, coupled with selected clinica- situations that
require rare blood types. Hence, along with the growing Interest in
freezing blood comes the need ?or special shipping containers and pack-
aging techniques which will afford the added protection necessary for
proper maintenance of the blood during long distance shipping. In view

prpe- 1

° I



of the fact that facilities for freezing blood will necessarily be more I i
restrictive, the number of installations ,:apable of supplying frozen
blood will be few and long distance transporting will become commnonplace.
Therefore, tho~ -'rpose of this re.port is to establish guidelines leading *
toward the st. -dization of containers and packaging techniques for

frozen blood. U a from studies conducted at room temperature are pre-
sented..

MATERIALS AND METIHODS •

Technical documer'tation fo.- blood shipping container, Federal Stock
Number (FSN) 8115-935-9761 (Fig. 1), is extended for use in transporting '
frozen blood. Seven Fenwal li,.yocyte packs fabricated from heavy card--
board measuring 9 x 14-1/2 inches were used as the envelopes for the
Fenwal plastic bags which contained the simulated blood. Aluminum can- i-
ist.ers of the approximate size which afford a mare rapid heat transfer
are also available. The paper carton selected for this test is much less r
expensive than the metal holder and, consequently, more practicable for

( Fig. 1. Blood shipping container, FSN 8115-935-9/61, man-
( ~ ufactured by Life-Like Products, Inc., Baltimore, Maryland.



use as an expendrlle item--an important prerequisite for military ship-
ping purposes. Utilizing the geometry e the transport container, seven
cartons of blood were considered to be the idea. load per "ox. The car-
tons were placed diagonally into the shipping container with the narrow
edges exposed to the outside of the box, thus allowing the larger surface
area of the blood cartons contact with the dry ice refrigerant.

Approximately 16 hours prior to the test, the cartons were placed
if, a Harris low temperature, Model 19L-DR freezer, designed to maintain
a temperature of -85 0 C. Transferring the blood from the freezer to the
shipping container was considered to be the most critical step involved
in the packaging technique. A concentrated effort was made to effect
the transfer in the miniwmum amount of time, thus avoiding undue exposure
to the higher ambient temperature. Thirty pounds of dry Ice were packed
in such a manner as to encase the blood cartons. Pellet dry ice was
used because it affords greater cooling qualities than does the block
type (Fig. 2). A Yellow Springs, Model 42SL Tele-thermometer was
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Fig. 2. Pellet ice vs block ice--curve,

utilized for monitoring the temperature. The temperature sensor was en- I
closed in the bag containing the blood substitute (Fig. 3).
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Fig. 3. Frozen blood carton and blood container.

RESULTS AND DISCUSSiuri

Five hours after the experiment was Segun, the temperature remain-
ed below -800C, which was beyond the range of the measuring instrunent.The fact that the low temperature produced by the freezer was being
maintained teflected most fa',orably on the packaging technique used.

Meryakni and Uornblower (3) found from in vitro assays of cell po-
tassium that temperatures above -60'C are ainsatisfactory for storage in
excEts nf a fe weeks. in ,dditlon, other ,IndIcates that flu.. tua-t! wts in sto-9- ttemperature of 4:0%C 1C, have no adverse effects (1).

The initial temperature measurement following the transfer and
packing phase of the test was -70'C. The temperature was maintainedbelow -60*C for approximately 31 hours (Fig. 4). Work by Vaieri et al

S(5) indicates that blood stored above *6IYC is unsatisfactory if not
used within a few weeks.
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TEMPERATURE MAINTENArNCE
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Fig. 4. Temperatur- curve of frozen blood.

SU1MARY

Frozen blood, aithough a relatively new field in blood banking.
is currently conianding much attention. A look into the history of
blood banks repeatedly reveals developments in the processing labora-
tory and clinical research far exceeding those In the logistics branc.h.
Presently. tho lack of sp•r.ific tecjhnques describing -rcper packagingt of frozen blood for long distance shipping is no exception to oast his-

tory. Effective techniques, util"..ing designated shipping containers,
primally designed for other purposts, are presented herein. Further
studies are being made in designing and fabricating special transport
boxes with the appropriate packing procedures that will enhance the po-r sition of blood banking logistics.
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