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The Australia Group (AG) is an informal arrangement of countries which, through the harmonisation of export
control measures, seeks to ensure that exports of materials, equipment, and technology do not contribute
to the development of chemical or biological weapons.’ Founded in 1985 in response to chemical weapons
use in the Iran-lrag War and the lack of uniformity in different countries’ export conirols, the AG since has
grown to encompass 42 participating countiries and the Euwropean Commission. From an initial focus on
chemical weapons pracursors, it has expanded its scope to include not only dual-use chemicals, but also
biological materials, chemical and biological equipment, and related technology and software.

Since its founding, the AG has played an important role in hindering the spread of chemical and biological
weapons. The AG Common Control Lists of dual-use materials, equipment, technology, and software ~ and
guidelines for their responsible transfer - provide a framework for effsctive chemical and biological trade
controls. While the AG has established sound lists of strategic chemical and biological goods, there remains
a need for commodity-oriented training materials fo enhance the capabilities of enforcement officers to
identify dual-use materials and squipment in cargo shipments. Such resources also can assist other trade
control officials in evaluating the legitimacy of transfers of these items.

The Australioc Group Common Control List Hondbook aims to serve as such a resource. The Handbook
covers commodities found on each Common Control List and is divided into two volumes according to the
threat posed by items on a particular list:

¥ Volume I: Chemical Weapons-Related Comimon Control Lists
-~ Chemical Weapons Precursors

- Dual-Use Chemical Manufacturing Facilities and Equipment and Related Technology and Software

v Volume lI: Biological Weapons-Related Common Control Lists
- Human and Animal Pathogens and Toxins
- Plant Pathogens

- Dual-Use Biological Equipment and Related Technology and Scfiware

Chapters within each section provide an overview of the appearance, key features, uses, and global
producers of each item on each control list. Brief introductions to dual-use technology are also included
to provide context for the chemicals, pathogens, and equipment discussed, and additional supporting
information can be found in the appendices to both volumes. We intend and hope that this Handbook will
be a practical resource for personnel engaged in chemical- and biological-related trade controls ~ from
eniorcement officials working in the field and license analysts desiring a better understanding of controlled
items to those responsible for training such personnel on dual-use commodities.

Piease note: The AG Handbook is produced by the United States Government for the purpose of facilitating
effective export controls on AG-controiled items. Unlike the AG Guidelines and the AG Common Control
Lists, the AG Handbook itself is not an official Australia Group publication of record.

The images, websites, and other references included in this Handbook are intended to give examples of
materials and equipment with features similar to those that the AG Common Control Lists describe. It
is important to note that presence of certain items or equipment in a photograph, on a website, or in a
reference does not necessarily mean that the pictured or referenced item meets AG control specifications.
Decisions on the control status of an item are made by considering the technical specifications of a specific
product on a case-by-case basis.

February 2018

* Bee the AG website at htip
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Introduction to Biological Weapons and Dual-Use Biotechnology

The processes ard egquipment involved in the develcpmenrt of ¢ - (BW) are inherently

-. Methods for maripulating, growing. recovering, concentrating. stabilising, and testing biclogical
materiels of weapons concern employ many of the same materials and equipment used to produce
vaccines, pharmaceuticals, and a wide veriety of food products. This introductory ssction discusses

dual-use processes involved in the production of BW to provide context for the controlled commodities
discussed later in this Handbook.

Figure 1 gives a schemetic representation of the overall process of developing BW. BW production begins
by obtaining and growing an v - - .. of a specific .21 and ends with delivery of the isoleted (and possibly
processed) biological material to & target population. It is imporiant to note that while Figure 1 shows
a linear and even process, research and development activities needed for various steps may influence
the time and resources devoted to each. For example: incculum selection may nvolve experiments to
genetically modify a mic ¢ anerm, and production may involve research on optimal growth conditions. In
addition, stabilisation may involve experiments to find suitable > pi-r s and animal testing may occur at
any stage of the process. These research and developmert activities may be carried out on a smaller scale
compared to BW production, but they will all require safety measures to protect workers from dangerous
pathogens and toxins. The vast majerity of controlled commodities used in this process, including most
pathogenic agents used as inocula. are alsc used in legitimate research and commercial activities, and are
irherently dual-use

Subsequent sections in this handbook will discuss the materials and equipment associated with each step

of this process in more detail, particularly with regard to the specific technical characteristics that qualify
the materials and eguipment for export control.
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6. Spray-Drying Equipment

Spray-drying equipment capable of drying toxins or pathogenic microorganisms having all of the

following characteristics:

a) a water evaporation capacity of = 0.4 kg/h and <400 kg/h;

bl the ability tc generate a typical mean product particle size of = 10 micrometers with existing fittings
or by minimal modification of the spray-dryer with atomization nozzles enabling generation of the

required particle size; and

¢l capabie of being sterilized or disinfected in situ.

6.1. Basic Description
Spray-drying is a dehydration process used to increase the shelf-life cf
perishable material, from food products to ¢ and proteins.
In additior to preservation, spray-drying can impart other advantageous
propertes to a material, such as increased -«

drying process works by ctonugs
evaporating the liquid from the

to batc peator

Global Production

» Argentina
:, of the resulting fine » China
powder. Spray-drying accomplishes similar goals 1o freeze-drying, but
is much more economical ard s different in several ways. The spray- » Denmark
¢ a liquid free Loard immediately » India
i particles via contact with a » Japan
drying gas of a higher temperature (Figure 6.A). Thus, spray-drying
produces high quality powders of uniform diameters directly from a liquid » Switzerland
feedstock. In addiiéon‘spray-drying is a continuous process, as opposed » United Kingdom
of freeze-drying equipment. Particle sizes generated » United States

by spray-drying can range from several hundred nanometres to severel
hundred micrometres in diameter. Spray dryers that can generate particles

of = 10 pm are controlled because these particles can easily enter the lungs.

While spray-drying dates back over 100 years for non-biological commercial products. advances in the
technology in recent years have enabled some spray dryer models to routinely and reliably preserve
temperature-sensitive biological materials.

LIQUID FEED

DRYING

DRYING
CHAMBER

DRYING
GAS (OUT)

POWDER
PRODUCT

Figure 6.A. Schematic ustrating the
process of spray-drying: atomise a liquid
fesd; coniact atomised particles with hot
drying gas,; coliect dry powder product.

6.2. Notable Features

Spray dryers are commercially available in a range of sizes based
on their production capacity. However, all spray dryers share
some common physical features. Key comporents of spray dryers
include: a large cylindrical drying chamber, tapered at the bottom:
smaller cylindrical chambers for collection of particles: a heating
system with a blower miotor to create the hot drying air; and tubing
1o carry liquid feed, het drying air, and powdered product. Most
often, spray dryers will be constructed of stainless steel, but glass
is & popular material for smaller spray dryers (Figure 6.B). Tubing
may be stainless steel, glass, or plastic. A spray dryer capable
of in situ steam siertisation will have chambers, tubing, and
connections of stainless steel and will be rated to withstand the
high pressure required. However, consiruction to withstand high
pressure is not required for disinfection in situ, which also can
be done with germicidal chemicals. Due to the additional costs
associated with high pressure-rated designs, it is more common
for spray dryers to be consiructed 1o run cleaning or scrubbing
solutions that will disinfect the equipment in situ.
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The size of a spray dryer is related 1o its maximum water evaporation capacity (kg H,0/hr), which in turn
a measure of its powder production capacity. Controlled spray dryers range from those small enough 1o
n on a benchtop to those whose components fill an average sized room. Larger spray dryers (upwards of
1200 kg/hr) are available and wouid generally occupy several rooms or whole buildings, but these usually
would not fall within the range of the AG's contral specification (= 0.4 and < 400 kg/hr). The maximum
water evaporation capacity is often cited in the manufaciurer’s technical product literature and occasionally
cluded along with the serial number on the nameplate of the spray dryer.
The partcle sizes generated by pray dryer are not visually apparent from the unit. However, the type
of nozzle in -! e spray qul can be a clus to its capabilites and shouid be noted in th
eguipment’s product Iterature; more detailed technical specifications may provide particle size ranges
as well. There are four types of atomisation nozzles cur'ex ”y used by spray dryers, but controlled «prdv

U
4
t

:1ryf=r< are likely 10 use one of only two designs: a it I nczzie or an i ri¢ rozzie (Figure 6.C).
Both use atomisation techniques (compressed air and hg frequency vibration, respectively) that are

apable of producing particles < 10 pm. These techniques also are gentle emuah to atomise biological
materials without d(_rncomg their structure or .. Technical Imitations prevent \ << {using
fast rctational speed) o szi== (using high feedstock pressure) from gererating paﬁicies smaller

than 20 ym. In addition, the high rotational speed and high pressure uced by these nozzles are much more
ikely 10 damage biclogical materials than the other two designs.’

Figure 6.B. Controlled spray dryers. These spray dryers have water evaporation
capacities of ~1 kg’hr.

onal communication with a spray dryer manufactuter
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Rotary Atomizer (20-300 um)

Control

Raites Pressure Nozzle (20-200 pum)

Multi-Fluid Nozzle (3-80 um)

Ultrasonic Nozzle (0.3-5 pm)

0 10 20 30 40 50 60 70 0 100

Particle Size (micronsj

m

Muit-fluid (two-fluio, four-fluid) and u'tresonic nozzles are more capable of producing th

6.3. Packaging

Packaging will vary greatly depencing on the size of the spray dryer. Smaller models may ship as one
piece with appropriate shrink wrap to prevent damage to individual components. Larger units, particularly
room-size models, will ship in separate pieces - i.e. the drying chamber, the control unit, the heater, the
collection chamber(s), and any tubing may be packaged separately {Figure 6.D). Units that are less likely
to be controlled may have drying chambers so large as to necessitate shipping on flat-bed tractor trailer
trucks.

As noted in Section 6.1, spray drying is a technique approximately 100 years old. While spray dryers
purchased “new” are more likely to be able to preserve viable biological material, there are many models on
the resale market that were manutactured in the last 10+ years and meet criteria for control.
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Figure 6.D. Spray dryer removed irom shipping crate and shrink wrap following delivery. Top three images: the
drying chamber, heater, and contral unit. Bottom three images: the fine particulate systemn. This shipment also
featured a third crate containing 8- 10 cardboard boxes of parts.

6.4. Typical Applications

Controlled spray-drying equipment is most likely to be used in pharmaceutical applications, and the most
recent growth in spray-drying use overall has come from this industry.® The surge in interest from the
pharmaceutical indusiry arises from the ability of spray-drying to increase the <cli bwiny — and therefore
effectiveness - of actie pharmaccuncal waredierts (AFis). Spray-drying can alsc increase the siability of
an APl for improved shelf life. Preservation by spray-drying can preserve protein-, cell-, and viral-based
therapies.

Spray-drying has been used heavily by the food, ceramics. and chemical industries for decades fo make
various powders, including coffee, milk, pigments, ceramics, metals, and chemicals. However, spray-drying
equipment used for these products is significantly less likely to meet the AG control specifications, given
the much different operating conditions and particle size requirements of these industries.

¢ E Greb (2008} *Is Spray Drying a Viable Alternative to Lyophilisation?” Pharmtech.com; hitp.//www pharmtech com/pharmtech/article/
articleDetatl jsp7id=648017
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