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1 Introduction

The aim of this report is to give the general requirements and a basic design of a transportation box
which would include extra -terrestrial samples returned from a Sample Return Mission (SRM). The
report considers in particular the transport from landing s ite to curation facility, whereas the
transport from curation facility to laboratories are beyond the scope of this WP.

Different cases will be considered in this analysis (defined in EURO-CARES D6.1 and D6.2) i.e.:

- Restricted Case, i.e. samples needed tbe kept in special conditions, because they may host
life traces. This is the case of (unsterilized) samples returned from Mars and possibly from
Europa.

- Unrestricted Case, i.e. samples are required to be preserved by contamination, but do not
contain biological molecules at all.

In turn, two scenarios can occur in each case, i.e.:
- Nominal Scenario, i.e. no damage occus on SRC or on returned samples)
- Non-Nominal Scenario, i.e. damage occuron SRC and/or on returned samples

For each scenario, we will give a tradeoff on how the packaging and transport operations should
occur. When applicable, we will also highlight the differences in these operations, depending to the
origin of the extra -terrestrial samples.

In Section 2 we will give the state of the art of transportation boxes designed and developed in
previous SRM. Section 3 will be dedicated to regulatory issues concerning packaging and transport
of potentially hazardous samples, as the extraterrestrial samples. Section 4 will analyse possible
landing sites and how these affect the design of transportation box. Section 5 will be devoted to a
trade-off analysis aimed at identifying the general requirements of a transportation box for the
three different scenarios introduce d above. Section 6 will give a basic design of the transportation
box. Labelling, documentation and tracking issues will be discussed in Section 7. Finally, in Section
8 conclusions will be given.

2 State of the art

SRMs considered different containers and transportation box es of various size and shape from
Apollo Missions up to Hayabusal Mission (Figure 21).A | i st of perfor med
shown in Table 2.1, with relativelanding sites, terrestrial means of transport used to move the
sample from landing site to Temporary Clean Room (TCR) (if present), Transportation Box
considered and contamination at landing site (when occurred), due to ground impact or to
environment.
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Figure 2.1 Left..

November 25, 1969. D

avid E. Peterson and Richard C. Graves carry one of two

Apollo 12 rock boxes off a G 141 in Houston, on its way to the LSL. NASA PhotoS6960229. Right:
Japanese scientists from JAXA transport the Hayabusa space capsule (inside a boxto a clean
room in Woomera Prohibited Area (June, 2010).

Landing Mean of TCR Transpor - | Contami - | Returned
Site transport tation Box nation samples
ALSR-C
Pacific Ship No containers No 382 kg of
Ocean (U.S. Navy) with teflon Lunar rocks
bags
Kazal/<hstan Metal 326 grams
Siberia Area - - ciﬁgggr No of ;g,? ar
(RUS)
Special
designed
UTTR Area Helicopter Yes cradle and Yes Particles
(USA)
then purge
GENESIS (NASA) applied
Special
UTTR Area Helicopter Yes designed No Particles
(USA) 4
containers
STARDUST (NASA)
i~ ' Designed
WPA (AUS) | Helicopter Yes | transportati No Particles
on box
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HAYABUSA-1 (JAXA)
HAYABUSA2
Designed
transportati
WPA (AUS) | Helicopter Yes on box -- ONGOING
(Hayabusa 1
heritage)
PLANNED
Container (60 grams
U'I'(LR;Q)rea Helicopter - (Stardust -- of asteroid
heritage) samples
expected)
OSIRIS-Rex (NASA)
o/ Siziwang PLANNED
V Banner . Special (2 Kg of
\\i\ k)‘/’ (Mongolia Helicopter B cradle - Lunar soil
= ~F Area) expected)
CHANG'E 5 (CNSA)
Table 21. Summary of performed and planned SRMdés, and

of transport for transportation box, presence of a Temporary Clean Room (TCR), type of
transportation box used, occurred contamination and returned samples.

2.1 Luna 16, Luna 20, Luna 24

Luna 16, Luna 20 and Luna 24 were three successfuls ovi et. SRMO s

Luna 16 represented the first lunar SRM by Soviet Union, and came back with 101 grams of
collected material of lunar soil. The Luna 16 re-entry capsule (Figure 2.2, left) landed on

approximately 80 km SE of the city of Dzhezkazgan in Kazakhstan at 03:26 UT. The samples were
placed in ahermetically sealed soil sample container inside a re-entry capsule.

Luna 20 was the second attemptafter Luna 18 to obtain a sample from the lunar highlands. It was

launched on February 14he, 1972, was able to carty on about 30 grams of collected lunar samples
in a sealed capsule and landed in the Soviet Union on 25 February 1972 (Wesley and Mikhail,
2011). The Earth-return vehicle landed in Kazakhstan, where it took the Soviet team about 24

hours to locate it. Ice, wind and snow presented severe difficulties to the recovery team (Figure 2.2,

right). SRCwas recovered the following day and when opened proved to contain only 55 grams of
lunar soil (Wesley and Mikhail, 2011). This experience raises the question of means and methods of
recovering the return sample after landing on Earth.
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Figure 2.2. Left: Luna 16 Return Capsule (Summary of Russian Planetary Lander
Missions).Right: Luna 20 Sample Return Capsule, as it landed in the snow, February 27, 1972
(Soviet photo courtesy of NASAGSFC, NSSDC ,ID:1972007A).

Luna 24 was launched more than 4 years after Luna 20 on August 14, 1976 and was able to collect
170.1 grams lunar soil. It landed on Soviet Union on August 22, 1976 (Badescu, 2012). The Luna
Soviet Missions samples arestudied and stored at the Vernadsky Institute of Geochemistry and
Analytical Chemistry, GEOKhlI, of the Russian Academy of Sciences.

The information concerning the transportation box, the vehicles and methods used to transfer the
samples are difficult to find. Given the historical period, it is probably that most of these
information are protected by military secret.

2.2 Apollo

The Apollo program, the third US human spaceflight program carried out by NASA, was able to
achieve the first large collection of extra-terrestrial materials returned to Earth (up to 382 kg of
lunar rocks and soil which have been collected and studied). The main difficulties were to respect
the stringent scientific requirements of non -contamination of samples.

Generally, two Apollo Lunar Sample Return Containers (ALSRC) were used(Figures 2.3-2.4) which
were portable, sealable aluminium containers.
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Figure 2.3. Apollo Lunar Sample Return Container (ALSRC). This container served on both the
Apollo 12 and 16 missions (NASA photo S7237196).

The outer envelope of an ALSRC was 48 x 30 x 20 cm, hinges and latches included. The exterior
box dimensions were 48 x 27 x 20 cm. The box wall thickness was about 2 mm. Its capacity was
about 16000 cm3.

Figure 2.4. Left: Apollo 14 Sample Return Container (rock box) without samples. Right: Apollo 16

LSRC upon opening in the Lunar Receiving Laboratory. The box contains a large rock, several
documented sample bags with the fold-over aluminium tabs, and a 4-cm diameter drive tube

(NASA photo 372-36984).

The ALSRC was an alumnhium box with trip le seal and @ame from a single block of 7075 AA
aluminium alloy. The lining and padding used was York mesh, a knitted 0.011 inch diameter wire,
2024 aluminium alloy. The soft metal sealing surface was an alloy of 90% indium and 10% silver.
The two sealing O-rings were made of L608-6 fluorosilicone (even if much of the previous
literature reports the O -rings to have been Viton A). The indium seal protector lid spacer, used
prior to final sealing on the moon, were made ofteflon. The three seals on the hinged lids (one of
indium (In) and two of Viton) preserved the samples in a vacuum environment during
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transportation back to the Lunar Receiving Laboratory (LRL) (Warner, 1970). Two ALSRC's were
used on each Apollo mission and were produced by Union Carbide, Nuclear Division, Oak Ridge
(TN) (Allton, 1989).

2.3 GENESIS

The Sample Return Capsule ofNASA/Genesis Mission entered in Earth's atmosphere overa desert
in the middle of Utah on September 8h, 2004. Simultaneously, two helicopters were waiting to
transfer the Genesis capsule from landing site to TCR close to the landing site (UTTR area).

The capsule crashed into the desert due to the parachute malfunctioning and part of the inner
sample capsule was breached(Figure 2.5). The damage was less severe than expeateprobably
becauseof fall into fairly soft muddy ground.

: g - a5 o
Figure 2.5. Genesis return and breached images.

Eight hours after the Earth's re-entry the helicopter transported the capsule directly to TCR for
inspection where the ground team rolled the cradle hold up by metal support and covered by
several aluminium foil ( Figure 2.6) andcollected fragments and samplesof local desert soil to serve
as a reference to identify possible contaminants in the future. The inspecting, cataloguing and
packaging processes took four weeks to the Genesis recovery crevAbout hundreds to thousands of
collector fragments were found in those days.

Because of the NASA's planetary protection categorization of Genesis mission as "safe mission" for
unrestricted Earth return (no chance of extraterrestrial contamination during sample collection at
the L1 point happened), a transportation box was not used.
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Figure 2.6. Genesis casule being moved into TCR at UTTR

2.4 Stardust

NASA/Stardust SRM was launched on February #h, 1999 with the aim to collect dust samples
from the coma of the Wild 2 comet (distant 150 km from the nucleus) and Interstellar P articles,
and return them to Earth for laboratory analysis (Brownlee, 2003).

On January 15h, 2006 the SRCre-entered to the Earth while the descent was monitored using
radar and IR camera at the Utah Test and Training Range (UTTR).

The SRCtemperature was measured with an IR gun (60°C). First efforts of the recovery team were
aimed at minimizing all the possible exposures to contaminants by using double plastic bags
(Figure 2.7) for the SRC transportation, a specific cradle as support and a positive pressure N
purge on the sample canister once it was returned on TCR (Sandford et al., 2006).

A S0, gas detector was placedwith the capsule between the two bags in order to confirm the SRC
transponder battery had not shorted out and it came into no further contact with local soail
(Sandford et al.,, 2010). The entire package was put on a specially designed cradle for the
transportation with the helicopter up to the TCR (Figure 2.7). Rigid containers were not used
before the SRC dissembling while the heat shield, the back shell and samples had each a designed
transportation box fort the transfer from UTTR to JSC.

The plastic bagsthemselves will successivelyreveal a source of organic contaminations.

In order to ensure the contaminants identification, soil samples in the vicinity and under the SRC
(after it was removed), water and vegetation sampleswere collected. Soils samples were initially
stored in polyethylene bags and later transferred to clean, glass tubes and dried(Sandford et al,
2010). Gas samples were also collected in metal bottles in order to recognize gaseous product
coming from the heat shield.
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seemne

Figure 2.7. Left: the SRC transported with a double plastic bags by the recovery teamRight: the
helicopter used for the transportation from landing site to TCR.

At TCR (in a hunger at the recovery site)the pyros and electronics were removed one hourater the

recovery at landing site. After that the Sample Canister was also removed and all three components

were sealed in bags and placed into a specially clean designed containers (gure 2.8).

The Sample Container (SC) was connected to a purge systerfeeding it with a constant flow of ultra

pure gaseous N. SC and purgewere placed in a handling and shipping container environmental

monitored (temperature and N » purge flow rates) during the transfer to Huston (Barrow et al.,

2007).

Then, the aerogel cells were examined at NASA Curatorial facility in Johnson Space Centre (JSC) in

a Class 100 Clean Room where no morwereprdsenninaby0 0 pa'
given cubic foot of air.

Ellington Field near the JSC (JSC2006-E-00880, 17 January 2006). The SC was under nitrogen
purge on transfer truck (image credit: NASA). Right: the Stardust science team memberopening
the box containing the Stardust canister (JSC2006-E-00884, 17 January 2006, image credit:
NASA).
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2.5 Hayabusa 1 & 2

The JAXA/ Hayabusa 1 spacecraft launched in May 2003reached the Itokawa NEO in September
2005 and successfully returned to the Earth after a touchdown.

The re-entry occurred on June 13th, and took place in Woomera Prohibited Area (WPA) of
Australia. The SRC was found in the predicted landing site, thanks to the weakwinds (Kawaguchi
et al., 2010). At landing site, photography documentations and collection of soil samples were
performed in order to identify possible contaminants. The packaging of the capsule into a
temporary plastic bag and transportation box was performed (Figure 2.9).

Figure 2.9. Left: Hayabua 1 capsule returned Right: the capsule packaging perfored by the
recovery team into a temporary plastic bag (from JAXA Report for Hayabusa 2, May 2014).

The recovery capsule was transported to theWoomera Headquarters building with TCR facilities

where explosive devices, batteriesand contaminants adhering to the capsule were removed. In this

phase, the packaging into a specially designed transportation boxwas performed.

The transportation box has a purge function of pure nitrogen gas a temperature logger attached
externally in order to monitor the thermal condition of the re -entry capsule (Yada et al., 2014)
(Figure 2.2 0) . On 17 June, the capsule was f | owmdafr om
airport in Japan in a direct flight (Abe et al., 2011).

Figure 2.10. Left and centre: the two transportation boxes used for the Hayabusa 1 mission.The
N2 entrance and temperature sensor are placed externally.Right: the transportation box int ernal
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configuration. The capsule was packaged inside the plastic bag (from JAXA Report for Hayabusa 2,
May 2014).

The transportation box was opened at Sagamihara Planetary Sample Curation Facility in JAXA (by
cut the sticker added by the quarantine officer of Australia): the re -entry capsule sealed in plastic
bag with N, was removed and photographically documented (Fujimura et al., 2011). The nitrogen

gas in the bag was recovered in a glass cylinder (Yada et al., 2014). After that, the an Xay CT
imaging of the capsule was performed while the thermosensor (below the outer surface of the
container's flange) was removed with hand tools (Figure 2.11).

=S

w?‘ s
y,f-] oy
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| T
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= \

Figure 2.11 First operations performed on transportation box at JAXA Sample Curation Facility.

A

The landing procedure and Return Capsule of Hayabusa 2 will be similar to Hayabusa 1 including
the transportation box design. The mission will returnthe Sample Container with three filled
sample catchersto Earth at Woomera Test Rangein Australia.

2.6 OSIRIS -Rex

Osiris-REXx is a NASA SRM that will characterize the Bennu asteroid. The launch is planned on

September 2016 on an Atlas V411 from Cape Canaveral Air Station. Between AugusDctober 2018
the approach and rendezvous phase on Bennus planned. Following the site selection, a sequence
of Touch and Go (TAG) step will be performed for the Sample Collection phase in orcer to obtain a

minimum of 60 grams of bulk regolith and a separate 26 cn? of fine-grained surface material

(Beshore etal., 2015). On September 2023 the SRC will enter the Earth's atmosphere and will soft
the US Air Force UTTR west of Salt Lake City(Figure 2.12).
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Stardust heritage procedures will help to transport the SRC (for transportation box also) to
Johnson Space Cater (JSC), where the samples are removed and delivered to OSIRISREX
curation facility (ISO5, Class 100, with samples stored and processed in multiple dedicated
nitrogen cabinets.). Air samples can be collected at both landing site and staging area to tes for
SRC outgassing. In addition, relevant soil samples will be collected from the landing site, as well as
samples of any other materials the SRC may have come into contact with during landing and
recovery.

In particular, the recovery team will have a portable clean enclosure (ISO7, Class 10000)
established to receive and safeguard the SRC, and initiate a purge on the sample canister before
transport to JSC (Righter, 2013).
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Figure 2.12. Landing site (UTTR Area) for OSIRIS-REX mission sample return.

2.7 Chang'e 5 -T1 & Chang'e 5

Chang'e 5T1 Test Vehicle was designed as a test of the strategy planned for the 2017
CNSA/Chang'e 5 lunar SRM. The aim of the mission was to test a reentry technology crucial to
Chinads plans of | agampléretirrgmissiond@hmepr-Sdxe | unar

After leaving on 24 October, the Chang'E5-T1 spacecraft travelled around the Moon and then
released a capsule which returned to Earth on 3th October. The capsule was recovered in a few
minutes by the recovery team which performed the photography documentation (Figure 2.13, left)
and packaging into a specially cradle(Figure 2.13, right). The transfer of the capsulewas performed
by an helicopter and then with aero-cargo to Beijing for study. This test has validated the heat
shield technology, trajectory design and recovery procedures for Sample Return Chinese Mission.
Chang'e 5 will be launched in 2017 an will collect up to 2 kg beneath the moa's surface and return
to the Earth.


http://gbtimes.com/tags/change-5
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Figure 2.13. Left: t h e -5€Th eeturg 6alsule during its recovery by the ground crews in
Inner Mongolia on 31th October. Right: the recovery crew during the transportation at Beijing. The
cradle is the support under the capsule.Credit: CNSA.

3 Regulatory issues

This section will be focused on the regulatory issues concerning thepackaging and transport of
extraterrestrial samples, either potentially hazardous or not. The regulations here described are
based on the World Health Organization (WHO) directives about the transport of
hazardous/infectious samples (WHO, 2012).

We will give in the final sub-section also some general requirements about lifting of SRC, a
necessary operation before the transport, based on the NASA Technical Standard, given by the
AETD (Applied Engineering and Technology Directorate)

3.1 Packaging
The packaging aims at ersuring that the transported materials:
- Arrive at their destination in good conditions (i.e. their integrity is preserved)
- Present no hazard to people or animals during the transport.
In addition, the packaging must ensure the integrity of the materials and so, in turn, timely and
accurate processing of specimens.

=13

The gener al WHO g ui de THe packaging shallhhe of fomd duality,isimogg
enough to withstand the shocks and loadings normally encountered during transport, including
trans -shipment between cargo transport units and between transport units and warehouses as
well as any removal from a pallet or overpack for subsequent manual or mechanical handling.
Packagings shall be constructed and closed to prevent any loss of contents that might be caused
under normal conditions of transport by vibration or by changes in temperature, humidity or
pressureo .
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3.1.1 Classification of samples to be transported
We report in the following the classification of substances, as defined by WHO standards:

Category A: An infectious substance which is transported in a form that, when exposure to it
occurs, is capable of causing permanent disability, life -threatening or fatal disease in otherwise
healthy humans or animals.

Category B: An infectious substance which does not meet the criteria for inclusion in Category
A, i . e. is capable to cause fAminorodo disease

The WHO st andar dif theede aredoubt aa tb whetheh ax hot afsubstance meets the
criteria it shall be included in Category A0

According to thesedefinitions:
- Unsterilized Mars and Europas ampl es shoul d be treat,sidceias fCe
is not known if they could contain simple forms of life which could cause disease in
humans.
- Sterilized Mars and Europa samples, as well as asteroidand lunar samples should be
treated as fAnot hazardouso
Therefore, the regulatory issues here presented concern thaunsterilized Mars and Europa samples,
since there is not a dangerous good regulation concerning the transport of not hazardous
substances.

The flowchart for the classification of infectious subst ances and patient specimens, according to the
WHO procedure is reported in Figure 3.1
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Asteroids
and sterilized
Mars/Europa
samples case

Figure 3.1.

t o

Substance for classification

!

Is it kmown not to contain infectious substances?

Have any pathogens present been neutralized or inactivated. so that they no longer pose a health
risk?

May it contain microorganisms that are non-pathogenic to humans or animals?

Is 1t in a form in which any pathogens present have been neutralized or inactivated such that they
no longer pose a health risk?

Is it an environmental sample (including food and water sample) that is not considered to pose a
significant nisk of infection?

Is it a dried blood spot?

Is 1t a faecal occult blood screening test?

Is it decontanmunated medial or clinical waste?

Is 1t for transfusion or transplantation?

Noor
Unknown
v
Does it meet the definition of

a Category A substance?
T

Yes or
Unlknown

]

Has an informed professional judgement based on the
known medical history. symptoms and individual
circumstances of the source. human or animal. and
endemic conditions determined that there is only
minimal likelihood that pathogens are present?

Yes Noor
Unlmown
Y Y Y
Not subject to the
transport requirements Subject to Exempt
for dangerous goods human specimen’ or UN 3373 Biological

unless meeting the
critenia for another
division or class

‘Exempt animal
specimen’ provisions

substance, Category B

t he

Unsterilized
Mars/Europa
samples case

Flowchart for the classification of infectious substances and patient specimens,

according to the WHO regulations (adapted from WHO, 2012). The case of ateroid, lunar and

sterilized Mars and Europa samples is highlighted in green: these samples are classified as not
hazardous. The case of unsterilized Mars and Europa samples is highlighted in red. According to
WHO rules, these samples should be treated asCategory A. This is due to the fact that the answer
dpaes it nheet tha definition of a Category A substance?0  UrknoWwn o .
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3.1.2 Packaging of Category A samples

In order to maximize the security of Category A samples, WHO imposes thefollowing rules:
- Hand carriage and transport of these samples is prohibited, even before the packaging
procedure
- Inner packaging of hazardous samples must be separated from inner packaging on
unrelated types of goods

Therefore, the system of packaging haardous samples must be based on athree layers
packaging :

- Primary receptacle . It is the inner layer. It must be watertight and leak -proof and
contain the samples. Moreover, it should be encapsulated with enough absorbent material,
able to absorb all the fluid in case of leakage and/or breakage If the receptacle has a
capacity of more than 50 ml, it shall be oriented in the outer packaging so that the closures
are upwards. Additional requirements , concerning receptacle material and type of seal
apply in the case of exceptional consignments (e.g. flammable or corrosive substances,
animal materials) : however, transport of extraterrestrial materials is not included in these
cases.

- Secondary packag e. The secondary packaging must be durable, leakproof and
watertight, too. This packaging can also contain more primary receptacles (i.e. one for each
suite of samples): in the case this occurs, more absorbent material is needed to absorb the
fluid in case of leakage and/or breakage.Moreover, the contact among primary receptacles
should be avoided by including enough cushioned material: this is mandatory if primary is
made of fragile materials.

- Outer packag e. The most external layer is required to berigid and sufficiently cushioned.
It can consist of a drum, a box or a jerrycan. The role of this package is to avoid outside
influence (e.g. physical damage). At least one surface of the outer packaging must have a
minimum dimension of 100 mm x 100 mm.

Both primary and secondary packages are required to sunive to a differential pressure of 95 kPa
and to the temperature range from -55°C to 40°C.

Additional requirements apply if the transported substance has to be kept at low temperature, i.e.
should be consigned refrigerated or frozen.

- lce, dry ice ice pads or other refrigerant s can be applied around the secondary packae.
Alternatively, a fourth external layer, i.e. the overpack , can be used and the refrigerant
applied around the outer package. The latter may consist of an insulated vessel or a flask.

- Ifice is used, the overpackand the outer packageshall be leakproof.

- Ifdryice is used, it must not be placed inside the primary or secondary receptacle because
of the risk of explosions.Moreover,the overpack shall permit the release of carbon dioxide
gas.

- Other refrigerants (except liquid nitrogen) can be placed in the primary/secondary package,
provided that their amount is not larger than 30 ml.
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- Interior supports shall be provided to secure secondary packaging in position after the ice

or dry ice has dissipated.

- The primary receptacle and the secondary packaging shall maintain their integrity at the
temperature of the refrigerant used, especially in the case of liquid nitrogen.

Examples of triple packaging for transport of an infectious substance is shown in Figure 3.2.

Primary receptacle
(test tube)

Secondary

packaging \
(watertight)

FROM: sHipep

Tel (oo e

Res)
'::llme PERSON.

/ Cap

Absorbent material

Specimen record (includes
itemized list of contents)

Quter
packaging
Package
Orientation
INFECTIOUS SUB; Label
AFFECTING Huﬂ::.g 2

. — (not mandatory
when primary
receptacle does
not exceed 50mL)

07
)& UN specification marking
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|~ Waterproof Tape
- Culture
i~ Specimen |D Label

b~ Biohazard Label

M= Absorbent
Packing
Material

Figure 3.2.
by IATA, Montreal, Canada)

Infectious
Substance
Label

Primary Receptacle
Absorbent Packing Material
Culture

Biohazard Label

Secondary §
Packaging ¥

Name,
Address. &
™, Telephone
* Number
of Shipper

&= Outer
Packaging

Examples of triple packaging for transport of an infectious substance (figure provided

All the packages can be reused, provided that disinfection or sterilization is applied in order to

remove any hazard and all the not appropriate
covered.

3.1.3 Marking and labelling

markings (seesubsection 3.1.3 are removed or

The secondary packageshould be labelled with a specimen record, including an itemized list of

contents.

The outer package and the possible overpackhould be labelled as follows:

Sender s name and
Contact of a responsible person
Receiver 6s name
Nation or in stitution

Type of packaging

Tested for Category A/B

Two digits of year

State authorizing marking allocation
Manufacturer code

Indication of the sample

Orientation

Temperature storage requirements (if any)

and

To Too To o To Do o To Do I Do I

addr ess

addr es s
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A Technical name of refrigerant used (if any)
A Thelabelcl n case of damage or | e,avithaetpedcomanse di at el y n

Concerning the Aindication of the sampleo field,
Veryhazardous

Infectious

Dangerous

Non-flemmable

Cryogenic

€ and so on.

To To To o I

The marking should consist in a square set at an angle of 45° (diamondshaped). The minimum
dimensions of the markings are 100x100 mm (50x50mm for small packages), the colors should be
black and white, whereas the text size is 6 mm. Example of a sample inétation marking is shown
in Figure 3.3.

ww 00T

—
L

100 mm

Figure 3.3. Marking forindicating t he sampl es® conditions.

The orientation should be instead marked with a rectangle of 74x105 mm dimensions, containing

two arrows indicating the orientation of the package. The mar ki ngdés col or can be &
red and white. Examples are shown in Figure 3.4.Two marks for each side of the package should be
applied, possibly accompanied with the words ATHI
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A
A A A A
[
&
or
=
3
.

74 mm

Figure 3.4. Examples of orientation markings. The words ATHI S SI DE UPO or
may also be displayed on the top cover of the package.

In the case of samples packed by using liquid nitrogen, in addition to the primary risk label (Figure
3.3), indicating that the sample is cryogenic, an appropriate label should be adopted. This is a
100x100 mm diamond -shape label (50x50 mm for a small package) of green and white or green
and black colors, as shown in Figure 3.5(left) .

In the case the refrigerant is dry ice, the marking should be instead white with vertical black bars:
this is the marking associated to many dangerous substances (Figure 3.5, center)The mark should
be accompanied by the words ADRY I CE AS COOLANTO
ice in kilograms.

If other refrigerants are used, a green and white label of minimum dimensions 74x105 mm should
be adopted (Figure 3.5 right). This applies even in the case the refrigerant is liquid nitrogen, in
addition to liquid nitrogen and primary risk labels.

CONTAINS
CRYOGENIC
LIQUID

Figure 3.5. marking for a sample\p d y using liquid
(center) or a gen refrigerant (right). The minirﬁuUA’éize are 100x10

and 74x105 mm in the second case.
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3.1.4 Documentation

The documentation related to transported packages include:

A Declaration for Dangerous Goods (an example is shown in Figure 3.6): this is not
required in the case of Category B or not hazardous sampleslt must state if dry ice or liquid
nitrogen are used as efrigerants.

A proforma invoice including the receiverés ad
contents, weight, value
The words ASUSPECTED CATEGORY A0, i f applicabl

Moreover, an itemized list of content should be located between the secondary and he outer
package.

3.2 Transport

3.2.1. Sample mass limits

The maximum sample mass allowed by WHO for Category A substance is the following:

Ground transport  : no limit
Passenger aircraft : 50 grams
Cargo aircraft : 4 kg

These limits excludes ice, dry ice or liquid nitrogen when used to keep samples cold.
There is no sample mass transport limit for not hazardous substances.

3.2.2. Security issues

According to WHO, no reports of infection occurred by using the described packaging system,
except the anthrax letters in USA in 2001.

The cases of primary containers breakage have been 106 on 4.92 millions (0.002% of cases),
whereas no events of secondary containers breakage have been verified.












































































































