Nobody’s Nanotechnology
The foregoing chapters argued that merchants managed the problems of choosing goods for a market, choosing a market for goods, sending those goods to a distant market, and receiving due payment for the goods by developing risk response systems. For each system considered, merchants and other interested parties were characterized. Titli picti, Luca Pacioli’s bookkeeping instructions, Lloyd’s Register, and Andersons’ rules for train orders were considered as artifacts and as tools.  This method allowed an investigation into the issues that were feared and controlled. It also allowed a consideration of how old and new assumptions about time and space were built into long-distance trading systems.  
The difference between the kinds of information appended to traded objects demonstrates contrasting strategies for managing risk.  These differences also demonstrate how risk itself is a shaped and shaping artifact of culture. This chapter compares and contrasts the strategies previously considered.  It also considers how the model for investigation can be applied to newly developing products and practices. The various practitioners of nanotechnology are shown in the process of developing risk response systems. 
Looking Back
Imperial Rome’s annona created a high-volume economy for olive oil.  In such a setting, the risk of goods not being wanted was only secondarily a problem; instead, those tax collectors who sometimes doubled as merchants were concerned with delivering the whole pledged amount.  Amphorae allowed cheap long-range shipping, but as packages they incorporated the risks of spoilage and cheating.  To address these risks, standardized information was placed on the sides and handles of the amphorae. Produced for government needs, many Baetican olive oil amphorae carried tituli picti, with port and tax information, and almost all had stamps upon the handles, placed by producers, shippers, and potters.  Changing tituli picti suggest changing requirements within and between the reign of emperors.  

Many handle stamps were icons; in the case of the olive oil stamps found on Monte Testaccio, either a picture of a palm branch or a right-facing dolphin was used.  From these, even semi-literate laborers could determine origin and destination.  Many other stamps had family names heavily abbreviated. The ability to link these iconic name stamps to the quality of goods called upon the specialized knowledge of stewards and buyers. The tituli picti, written at the harbor by tax authorities, recorded the numeric volume of the empty and full amphora and the eventual owner.  The issues of cheating and tax paying were addressed by the standardized form of the titulus, which included places for weight empty and weight full, and for the “export control” port through which the amphora had been shipped.  Dates were indicated not by month but by the term of the official in charge.  The oil had perhaps a two to three year shelf life, so dates were needed.  However, in general, time was less important than volume, which was recorded carefully. 

It would be interesting to know how stamped and labeled amphorae were received or “read” by members of a non-Roman culture.  The Periplus, written for long-distance traders in high-quality goods, suggests that planning to take goods in order to trade with unknown, or only partially known, partners was a regular matter.  The value of the names and naming must have decreased as the distance from the point of origin increased.  That an amphora had a stamp might have been as important as what the stamp showed.  It is probably impossible to understand how consumers and traders at the periphery of the Roman empire responded to Roman risk-response systems, but the comparing the ratio of stamped to unstamped (or marked to unmarked) amphora at the far corners of the Roman empire could suggest how far marked amphora traveled, if not precisely how they were valued.  It would also be interesting to discover the system by which weighing was managed: Roman ports must have had places in which to measure each amphora or some representative number of a shipment.  

Amphorae were mostly abandoned in the Middle Ages, but Italy remained a center of trade.  The brisk and cheerful formula "in the name of God and profit" announced a culture in which trade success and prosperity was placed in a Christian context.  Luca Pacioli’s early Renaissance Particularis De Computis Et Scipturis clarified and codified the rules for preparing bookkeeping books in a growing commercial market.  Although the double-entry method had already existed for perhaps two centuries, Luca Pacioli’s version standardized bookkeeping in three ways: it required one unit of money for all transactions; it established time limits for certain actions; and (as with other systems) it added debit/credit to each entry-event.  Pacioli also raised the risk represented by inattention, the loss of reputation, and the control of agents.  He highlighted the careful sanctification of the working books.  Pacioli’s double-entry rules and forms served not only as tool for accounting but also as a way for a merchant to create the story of his (honest) life. 

As regards double-entry bookkeeping, and its advantages, Luca Pacioli was enamored of efficiency, clarity, and completeness with religious fervor. In Pacioli’s hands the energy that was devoted to the medieval usury question (the value and use of money in society) was changed to a new question: "does the merchant’s handling of his money deserve public and private approval?"  Double entry bookkeeping, as described by Pacioli, required layered iterative work, possibly using multiple writers, certainly requiring a fair amount of time.   Although there were multiple writers, as the books move “inward,” there was finally one reader, the businessman himself.  This inward-outward iterative and lengthy process was not only a secular and religious effort, it was also a way of creating a public persona.  Pacioli recommended that various steps in the process be authenticated by city officials.  Authentication suggested that an honest businessman was one whose work can be seen by clerks and others.  At the same time, there was a strong fear of exposure running through Pacioli’s instructions. To prevent cheating or deception by others, a strong emphasis was placed on dates, amounts, page numbers and orderly, linked accounts.  Risk, then, in businesses, was not only that of forgetting, or that of venturing beyond what one’s capital will bear, but also of doing things “incorrectly” before God or one’s fellow man.  

  Of the Italian city-states, Venetians and Genoans traveled regularly, and had the established expatriate territories, and naturally were exposed to the risks that DEB, in its “secular” form, addressed.  Pacioli’s method was also widely admired and copied by Dutch, German and English writers for the business markets they saw developing in their own countries.  But individual merchants adopted the double-entry method for themselves slowly.  So long as trade remained a family-sized entrepreneurial venture, books could be kept secret.  If, however, DEB was used not so much a mirror as method for observation, then it could be put to use in governing others.  Standardized reporting forced employees to give accounting of their actions.  Not surprisingly, those with long-distance interests and outside the family employees or those with accountability to multiple customers used it earliest. The oddly personified and fully rationalized world of “per” and “a” emerged from professional organizations slowly.
From the early Renaissance to the eighteenth century, across cities and cultures, one risk instrument remained remarkably stable. The marine insurance contract existed in much the same form from roughly 1500 to 1800.  It was flexible yet form-governed, with the most regularly specified subject being the kinds of goods subject to spoilage (and the insurer’s liability on this point).  Piracy, war and theft were covered.  Insurance contracts were served by associations of brokers, and the tool called Lloyd’s Register was created by a committee drawn from the association of Lloyd’s insurance brokers.  

The kinds of risk instrument shippers and merchants created addressed itself to the new conditions of trade:  the explosion of trade, the growing size of London and the fact that fewer captains and ships were personally known to possible investors.  Hence, a Committee established set of standards, a tool.  Any established merchant who paid for a subscription could use the Register evaluate his or her chances of getting a small return on an insurance “line.”  The Register committee created a regular list containing ships, captains, guns, place of build, age, typical voyages and state of repair.  The Committee began its work in 1760 and published the first Register in 1764.  Like the rules for bookkeeping, and the picti tituli, the Register collected information and created an “at a glance” evaluative tool.  It created patterns of decision-making about safety. New categories of information about ships were required to create the Register and that work generated a new class of surveyors responsible for information-gathering. 

The system worked rather well in one way, and quite badly in another.  That is, the books were printed with regularity and the information disseminated – apparently – easily.  But the standards put a burden on shipbuilders, some of whom were merchants, to keep their ratings always at the top, whether the cargo required a top rating or not.  It  also put an extra burden on outports, whose ships, by virtue of where they came from, were rated at the top for a lesser time.  Some of the risks of an expanded society with expanded interests were addressed by the Register, but some of the “risks” being addressed had nothing to do with a ship’s equipment, and entirely to do with London’s competition with other cities.  For that matter, once lost, an A1 rating, a top “character,” could never be regained.  The concept of the “character” of a ship mirrored the society that produced the standards: class-oriented, xenophobic and chauvinistic.  

For thirty-five years, the Register grew and changed and then, in 1799, the Committee split over disagreements about ship-building. The users of Lloyd’s Register were outraged that the proposed new system of age classification system so clearly favored the London over the outports.  Because the top classification had become a necessity, the A1 signifiers had to be linked fairly to “quality” and expertise.  After thirty years of rival Registers struggling along on too little money, peace was made when outports (especially Hull, Liverpool) had proven they were there to stay, and likely to surpass London in expertise on iron ships.  In 1833 the group was reunited when both Registers had nearly exhausted their ability to act independently. The Committee agreed to include members from outside London, and, as part of the reforms, the hitherto invisible ship surveyors were named, their jobs clarified, their salaries set, and the forms for surveying carefully established.  These problems, once addressed, moved the Register into the same category, almost, as the stable insurance form.  Lloyd’s Register, as a system, was very thoroughly debated from 1764, when it was introduced, to 1845, when the last hold-outs stopped publishing rival registers.  

Attaching data to transport vehicles about transport vehicles continued with the railroads.  Railroad accidents were numerous as the century drew on, and events like the 1856 Great Camp Hill Disaster were part of a growing public problem. Regulating complex systems of technology was a dialogue that no longer included mid-size merchants.  The systems for control were simply too complex:  ensuring safety required training, and a great deal of it.  Merchant approaches to risk in exchange of goods were partially conflated with public demands for passenger safety.  Railroad companies responded to these issues with books of rules, rules that relied upon each person knowing his duty, understanding his place in the hierarchy.  On the railroad, risk was controlled by unceasing attention to one’s job.  But merchants also developed bills of lading which specified, in case of fraud or loss, the responsibility of the railroad and of the shipper.  As with shipping in the eighteenth century, long-distance risk was divided between risk of the journey and the risk to the goods on the journey. But unlike the rules for ships, railroads were made responsible for fraud and for what seems to be a new legal understanding of “ordinary care.”  The accidents of navigation accepted on ships were not accepted on railroads, because they could be avoided.
 
As regards the journey itself, chief executives devoted extensive documents to the question of safety, and some (not all) tried to make sure their employees were very well trained.  They also devoted a fair bit of time to the problem of signaling and of safety in regular board meetings.  All of these decisions were made in absence of guiding information about “how” railroads were done. They were not only raising great sums of money to lay tracks, and developing a sense of what replacement costs were likely to be, but also making fairly expensive decisions about what new technologies to adopt and how to apply them.  Telegraphing information to a central authority established the role of dispatcher.  The language of railroad safety was a “command” language:  within the space of twenty years, instructions were explicit on all known kinds of problems, and a variety of roles were developed and well-defined.  The information being gathered about the location of trains was quickly accompanied by other information about how the road was functioning and what kinds of things were running on the road.  The train order recorded the flow of information between the train engineer, the conductor and the dispatcher.  In mediating between these parties, the train order offered a pre-defined set of problems and changes that were expected to occur. In solutions, it favored thinking over the use of the senses, and gave authority to a central controlling agent.  As regards the goods, and the bills of lading, certainly information on each package was gathered because it could be gathered.  But the railway, as no transportation technology before it, was laden with data for the purposes of cost and efficiency. The kind of information collected on goods suggests the kinds of possible loss perceived by owners and managers and shippers.  Threats of crashes never moved “off” the table but threats of lost profit were equally real.  

Risk as an Artifact of Culture

 Merchant associations and functionaries of the Roman Empire solved some trade problems by making fixed contacts with imperial buyers for the army, by making the contents, value and the weight of the goods clear within manageable and trackable containers, labeled amphorae, and by linking the value to standardized weight.  By the evidence of the containers, Roman shippers and trans-shippers wanted to know who had produced the goods they were going to transship, and furthermore, they wanted to know that they had been given a fair amount for the price.  Roman consuls wanted to know that a full tax had been paid.  Two levels of reading are evident in each label.  Some readers knew only the shapes of icons, as is borne out by the handle stamps. But the tax portion of picti tituli suggests that government functionaries, shippers and buyers in each port knew the other harbors around the Mediterranean.  Identity, geography and volume standardization are at the heart of the Roman solution to risk.  What Romans could have done or did do about picti tituli with false information is unknown, but it is an interesting question.

Romans, in a sense, are as famous for what they did not do as much as for what they did do.  Because their organizational accomplishments in production were so astounding, and because their potential markets were so broad, historians have wondered why Roman producers did not apply more of the available technology to techniques for powering mass production.  At least one site, Barbegal, shows that in AD 300 Romans could employ stepped pairs of wheels for the production of power.  Just as there is no one reason why power technologies are or are not developed, there cannot be a definitive answer to why risk technologies are not developed. For business tools, the forms on the sides of amphora suggest that Romans were in no way daunted by the difficulties in the production and management of information:  they were capable of tracking individual containers and shipments.  It was a possible and desirable goal. However, as far as we know, no system for evaluating the sea-worthiness of ships, or of the ships’ ability to protect the goods was developed in the Roman era.  This tool would have been equally possible.  Its absence suggests that despite the many losses to storms, ships were not perceived as objects to which the addition of information would ameliorate risk.  It may be that the degree to which merchants were organized around ensured delivery was the degree to which they participated in annona shipments.  By the evidence of marine loans and business laws, Roman shippers responded to carriage risks as if they were single uncertain events to be governed by law and not by information-driven policy.  

At the end of a long rise of prosperity, working as extended families, and keeping a common discipline in various markets and cities, the merchants of Venice addressed shipping risks for themselves by applying in semi-rigid fashion the soul’s “mirror” of the double-entry bookkeeping.  Probity, secrecy and currency standardization were the Venetian solutions to long-distance risk.  The tension running through Pacioli’s books between the internal and external selves – the elaborate preparations to be “read,” and the cautions against being “read”  by the uninformed, suggest some interesting (albeit speculative) possibilities.

Separated from the welter of secular and religious issues around trade, double-entry bookkeeping became, through Pacioli, a Christian activity, using a single evaluation that could be leveled on all entities in the book:  debit or credit.   If faith equals credit, then the necessity of faith cannot be made more plainly than in a merchant’s books. 

Pacioli’s work also bridges a tension in the interpretation of Renaissance education.  As Pacioli directs, the merchant’s book itself was a forward-oriented document.  No errors were ever corrected on past pages; instead, the past was re-recorded and corrected in the present.  If rediscovering past texts was a part of Renaissance education, then Pacioli’s methods of checking the books reinforce the habit of bringing the past into the present for reinterpretation.  If, as has been argued, the humanities education was no more than a way to train bureaucrats for obedience, then Pacioli’s method, too, takes its place alongside of other methods for controlling agents at a distance.
  

Reading Pacioli’s instructions, a practical question occurs:  how often were books challenged?  If the judicial heart of the city was the place to register blank books, then the merchant was protected by the city authorities. What defenses did an accused merchant muster?  Looking at these defenses might suggest some new directions for the exploring the role of double-entry bookkeeping in the development of capitalism.  If indeed bookkeeping were a rhetorical method, as suggested by James Aho, Bruce Carruthers and Wendy Espeland, then the terms of its defense might suggest how rationality was presented to a Renaissance audience. 

Linking the period from Venetian supremacy to London’s domination was the insurance contract. To manage the uncertainties attendant upon an active long-distance network, the ship insurance contract, a refinement upon the ship loan, was pioneered within a century of double-entry bookkeeping.  Merchants of London, whose range of shipping by water was increased greatly, began to control shipping uncertainties with a new set of tools for evaluating ship insurability, Lloyd’s Register. Surely the Arsenal at Venice, so heavily invested in rapid shipbuilding, had quality checks, and could have done surveying and assessing ship by ship for the use of merchants – but the Venetians controlled risk by contract and by personal bookkeeping.  Perhaps the variety of unregulated shipbuilding sites in Britain suggested to merchant shipowners that risk could be controlled by pre-establishing whose technology was best. For London merchants, completeness and transparency of information available to a guarded membership, and a graded hierarchy of shipbuilding locales, solved some risk exchange problems.  

In the eighteenth century, the uncertainties encompassing the travel across the waters of Atlantic and Pacific as well as the Mediterranean were also addressed by technological innovation.  Accurate and safe navigation was an avowed British goal in this century. Joseph Harrison, whose clocks finally won the Admiralty’s prize for accurate shipboard time, was rewarded by the same George III who forbade gambling insurances.  London merchants were confident enough in their building techniques that an evaluation of technology became something worth doing:  those who did shipbuilding less well were to be penalized.  The men, guns and, destination and captain of the early ships’ lists were rapidly supplemented in the Register by the bolts, decks, knees, hulls, sheathing and age of the ships. 

With railroads, the locus of risk and uncertainty shifted away from individual containers and carriers to the management of the trip itself.  The railroad created a new set of uncertainties– the risk of a high speed crash – and required a separate set of jobs to manage transit risk. In the nineteenth century, merchants were not the primary regulators of cargo safety.  These risks were taken up by railroad engineers.  The most common method of controlling safety in the nineteenth-century railroad shipping was attention, duty and hierarchy.
Responsibility, then had to be assigned for failure.  The bill of lading was not only a receipt, and a quasi-negotiable document, but also it became a contested site.  If railroads resembled banks, then railroads were responsible for goods just as banks were responsible for money. If railroads resembled ships, then railroads were not responsible, even for what appeared to be neglect.  The old sense that ships could not avoid some navigational accidents, and that “acts of God” were likely to happen, was not – apparently – acceptable when applied to railroads.  The public and the courts were convinced that railroad accidents could be avoided.   The negotiated form of the bill of lading suggested that railroads were not like ships or banks, and that responsibility had to be shared between the shipper and the railroad.

Risk response as codified by the railroad also changed the way the general public saw time by vesting authority in a central time-giver.   Time in 1856 was dispensed from one authority figure to another.  Time in 1884 was a “given.”  The railroad included larger and larger social groups within its control, while simultaneously valuing smaller and smaller units, units that were technologically challenging to coordinate.  

These differences between the kinds of information appended to traded objects demonstrates contrasting cultural strategies for managing risk.   Roman merchants feared not delivering to the government and appended data to the container. Luca Pacioli feared that merchants would not prepare sanctified and authenticated books. Lloyd’s insurers feared the loss of ships through neglect and gathered data in a contested evaluation system. Railroad companies feared life-threatening crashes and trained dispatchers to strict attention to duty.  However, from the extensive contemporary commentary on the development of these tools, it is impossible to conclude that fear of disaster is the only motivation for risk control.  Luca Pacioli, the Register Committee at Lloyds, and J. A. Anderson of the Pennsylvania Railroad were each sincerely convinced that their work was necessary.  The rationale for change was set in the context of advancing safety, trade and social good together.  They were each earnest in doing good.

I have argued that new exchange tools reframe the management of risk and valuation and also that they reflect, and reciprocally influence, prevailing concepts of time and space.  Further, that time-space, weights and measures, and “what to do in case of…”  standardization changes reflect the rising or falling power of specific groups. As new systems are stabilized, spatial representations are typically condensed and simplified: fewer symbols are made to convey more information about space. The system accommodates more users, but it provides fewer genuine choices about use.  The effort of analysis has been to make reasonable generalizations from artifacts, to uncover what an interest group considered a threat, and to show what steps it took to control that threat.  Essentially, this work is examination of the defensive organized behavior practiced long enough to be standardized, to become a single user tool, which gathers information to convert uncertainty into risk. Such tools capture the mind of the group about a practice that is good, that improves its chances of success in immediate goals. 


A Billionth of a Meter and Then What?
This analysis, applied to risk response systems already developed, can also be applied in new areas, to systems in the making.  The analysis of risk as an artifact is not a predictive task; however, having been applied to four systems, the analysis does suggest possible areas of conflict and possible ways that those conflicts may be resolved.  It certainly implies that risk measurement will be created to favor some at the expense of others.  In short, it is possible to watch paths being mapped out to new versions of common sense in current risk-response systems. Nanotechnology is one such area.  
Nanotechnology has sweeping promise in manufacture, in biology and medicine, in environmental clean-up and in energy markets.  It heralds new discoveries in basic science.  In reducing biological processes to their elemental parts, it calls into question the definition of life.  It holds as much risk as it does promise, and it is currently the center of a scientific and regulatory debate.
  

Nanotechnology attracted more than $12 billion in worldwide investment in 2007.  The value of goods with nanotechnology globally was estimated at $50 billion.
  Nanotechnology has been promoted as a “gee-whiz” technology – coffee rolls off instead of staining pants, golf clubs are lighter and stronger, cancer-fighting drugs are delivered right to the spot.  Some specially manufactured nanoparticles have been incorporated, without labeling, into other consumer products, especially cosmetics and toiletries, raising fears that the industry could cause health hazards.  By contrast, the inclusion of anti-microbial nanosilver is touted, most likely for parents’ approval, in children’s products in Asia.
  In 2004, while businesses invested in new products, advocacy and regulatory groups called for a moratorium on research until risk was better understood.
  October of 2008 will bring side-by-side conferences on nanotechnology to Paris. One, “NanoRisk 2008,” aims to determine occupational, environmental and health impacts of nanotechnology.  The other, the “NanoEnergy Conference,” hopes to promote the use of revolutionary new energy sources such as hydrogen and solar panels.  These few examples suggest the diverse interest groups within the burgeoning field of nanotechnology products and research projects.
Whether or not government research funds for nanotechnology should be focused on the replication processes at the nano-level or should merely support anything that can be manipulated, controlled and built at the billionth-of-a-meter level was at the heart of early debates about nanotechnology.
 Nanotechnology has not yet progressed to the point of offering a specific ubiquitous product about which risk information could be gathered.  Its shipment and packaging is currently unregulated.  Nanotechnology discussion now represents large uncertainties in the process of becoming risk.  
Nanotechnology risk has become visible to different social groups through catchy books, through early stage investors promoting products and, to some extent, through the media.  It is perceived a threat to the public health and environment, as well as a military and economic opportunity for the US.  The nationalist tone of business books that reference nanotechnology is quite interesting:  Innovation Nation by John Kao says that “Beijing will have the world’s largest nanotechnology research infrastructure, with 10 times as many researchers in one location as any comparable US facility.” Shanghai will be the second largest research area.
  Chinese innovation touches on American pride in its scientific leadership and makes nanotechnology especially visible to politicians.  Another way nanotech risk has become visible to practitioners is by the size of the company involved in nanotechnology research or products.  An investigation by the University of Massachusetts into 180 nanotechnology companies showed that 80% of big companies are taking steps to manage risk, while only 33 percent of small companies are doing so, and only 12% of start-ups are doing so.
  Patriotism and company size (or budget) are some of the ways that nano-risk becomes visible.
The social significance of nanotechnology is likewise becoming evident.  From the regulatory or political point of view, policy should systematically address those technologies that are significant:  things that have a perceived magnitude, such as nuclear disaster, or those that will permanently alter a way of life, like a new highway, or those that may carry great potential for social change, like the Internet, or those things that signify a falling off, or a loss – something which is no longer safe or just not as good, such as genetically modified food products.  Nanotechnology has been and continues to be described as significant in all of these dimensions.  It will offer “limitless, pollution-free energy.  Supercomputers the size of a grain of salt.  It can reassemble damaged parts of the human body.  Rewire damaged spines.  Clean up toxic spills. Eliminate old age.”
    Whether any particular prediction will prove true or false, nanotechnology is now being described in terms of magnitude, permanence and potential.  The risks of nanotechnology are also described in terms of potential loss of genetic and environmental safety.

As policy is established, so risk measurements and standardization are resolved.  In the case of nanotechnology in America, there is an active debate about what should be done.  Very, very broadly, the current administration – as represented by the Environmental Protection Agency and the Occupational Safety & Health Administration – favors business, and it has encouraged voluntary compliance and reporting. In response, DuPont has developed a model “Nano Risk Framework” that allows companies to self-disclose.
  Scientists generally favor mandatory reporting and mandatory control.
  No one has yet decided what standards should be used to mediate between business and the public.
Three nano products and processes covered in the last few years in public-oriented media include the nano battle suit, the nanosilver washer, and single-walled carbon nanotubes.  The “nano battle suit” has been a focus of military research. The NanoSilver washing machine from Samsung drew attention from interest groups, and the high-volume production of single-walled carbon nanotubes by Raymor, a Canadian company, was heavily promoted by Raymor as the baseline for many new products.

Although battlesuits have been featured in science fiction for quite some time, protective materials enabled by nanotechnology have been given a boost at MIT’s “Institute for Soldier Nanotechnology.”  On its website, MIT uses an interesting measure for success with nanotechnology: “[t]he mission of the ISN is straightforward: use nanotechnology to dramatically improve the survivability of soldiers.”  In pursuit of survivability, one “goal is to help create a 21st century battlesuit that combines high-tech capabilities with light weight and comfort.  Imagine a bullet-defeating jumpsuit that also monitors health, eases injuries, communicates automatically, and even augments human physical strength.”
  MIT is not the only university to pursue the battle suit. “Shear Thickening Fluid” developed by a University of Delaware research team in 2002, hardens when struck with force and then relaxes as force dissipates.  It is the perfect material for protecting arms and legs, which need a flexible covering. The team ran many trials using a Kevlar vest soaked with shear-thickening fluid made of silica particles suspended in ethylene glycol.
   While the University of Delaware team published on their work in 2003 without using the term “nanotechnology,” in 2004 the Army News Service reported their work as nanotechnology.
  Their licensee, Armor Holdings, continued to promote the new protective vests as nanotechnology for the year before it was acquired by BAE systems.  BAE is also focused on nanotechnology, but it promotes sensors and radio frequency equipment.

It seems that nanotechnology was “visible” as a solution to the problem of “soldier survivability” to the government before it was visible to most universities or corporations, but there has been a surprising breadth in the social groups drawn in to this technology. Business Week’s coverage of liquid body armor drew remarks from motorcycle riders, soldiers, sci-fi readers and corporate marketers.
   The Baltimore policemen who were customers of Armor Holdings declined to discuss the latest design of ballistic vests that their department used because “we don’t want to reveal what could be vulnerabilities.”
 In other words, there are many eyes on this technology, and not all of them are friendly.  If “soldier survivability” (or police survivability) is the most important measure of risk, then the only risk measures being applied to battlesuits are lowered injury rates for soldiers. A lone analysis on nanoweaponry by Jurgen Altmann and Mark Gubrud speculated about nano weaponry leading to a new arms race.
 In this case, weapons development seems unlikely to contribute to articulated standards for monitoring nanotechnology. 
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Samsung’s Nano SilverWash washing machine makes an interesting contrast to the nano battle suit. In the Australian product brochure, in which a baby appears, Samsung says:  

Sense the Safety of Silver.  

… increased consumer demand for health-promoting products are giving rise to many new products…for highly effective sterilization… 400 billion nano-sized silver ions are emitted, directly penetrating into fabrics…creating an amazing anti-bacterial and sterilization effect on clothes. The anti-bacterial coating… inhibits the growth of germs for up to one month.  No longer is there a need to worry about the blankets that cannot be washed everyday..…
  
Ruth Cowan Schwartz’s More Work For Mother might add another page or two for this “labor saving” device thrust upon conscientious mothers, who up until reading the ad, did not worry about blankets that could not be washed every day.
  Samsung is not alone in marketing nanosilver products to parents of children.  Currently on the market is a nano silver baby mug, a nano-silver anti-bacterial baby bottle brush, a nano pacifier, a nano silver teeth developer, a nano finger toothbrush, and a nano teddy bear, all developed in Asia.


Consumer advocacy groups in other countries rallied to protest the washer.  Australian and German environmental activist groups proposed that nanosilver would be a threat to healthy water sources. The US introduction of the washer was uneventful and the EPA declined to consider it a regulatory concern until November of 2006, when the EPA announced it would regulate nanosilver as a pesticide. What happened in the wake of the EPA ruling was ironic.  In some cases, manufacturers, to avoid having products regulated as a pesticide, removed claims about killing bacteria and removed information about nanotechnology on the label.
  Consumers now know less than they did before the regulation.  As the number of clothing and health products with nanosilver grows (they are the largest percentage of growth in the Woodrow Wilson Project on Emerging Nanotechnologies database), requests continue to come to the EPA for regulation of nanosilver in water sources.
 The most recent of these came from the International Center for Technology Assessment in May of 2008.  It is unclear what might happen to the thoroughly sterilized water that is released from a washing machine. The question of concern is this:  what possibly useful bacteria might the nanosilver kill as it travels downstream?  Has Samsung built Pandora’s Washer? Again, as with the battlesuit, the question of who should undertake to ensure the safety of this technology is unclear and what exactly should be measured is also unclear.  A growing trade in sports clothing with nanosilver has started up, so the lack of regulation has not stopped products from being produced or sold.  

A third product less visible to consumers, carbon nanotubes, has been the focus of a lot of enthusiasm amongst researchers and inventors. The European Nanotechnology Trade Alliance has said, “Hardly a day goes by without someone suggesting a new application for carbon nanotubes…they have been proposed for use in brake discs; fuel cells; advanced aerospace composites; co-axial cable; conductive fuel lines; electromagnetic interference shielding in electronic devices; conductive tyres; conductive inks, and so on.”
  Single-walled carbon nanotubes have been pitched as the possible solution for many problems, including energy transmission.  For a while, carbon nanotubes were even for sale in small quantities on Ebay.  

Raymor Industries of Canada has taken on the economical production of single-walled carbon nanotubes as their particular goal. Their early descriptive advertisement on their website invoked every possible social and technological good in the product and process:

Single-Walled Carbon Nanotubes …are 100 times stronger than steel at 1/6th the weight. [They] can be used for countless technology innovations, such as chemical sensors, fuel cells, portable X-ray machines, artificial muscles, as well as next-generation composite materials.  Raymor’s unique process is at least 25 times more efficient, less dangerous, and less costly than any other existing technologies in the world.  This revolutionary process enables Raymor to support Canada’s efforts in meeting its commitment to the Kyoto Protocol.”
  (emphasis mine)
In addition to these positive reports on their special process of making single-walled carbon nanotubes, Raymor has been active in distributing reports on costs and clients.  In 2005 Raymor announced that there was great interest in their products.  In April 2006, Raymor’s business manager said that the company was changing the economics of production of single-walled carbon nanotubes. In June 2006 Raymor announced that it had begun production, and in September it announced that it had – at last – acquired a customer.  Raymor’s President and CEO remarked “Large, multidisciplinary, international clients …will allow Raymor’s products to be exposed to a wide span of industries including aerospace and defense.  Negotiations continue with other potential clients, and [we] hope to bring our shareholders up to date on developments here shortly.”
  Raymor, with its steady stream of announcements, was trying hard to make single-walled carbon nanotubes visible to as many potential clients as possible. 


Carbon nanotubes have been the focus on several recent medical studies.  They are thought to cause lesions in lungs, and as reported in 2007, researchers at the University of Dayton linked them to damaged DNA in mouse cells.
  The risk dialogue – which has compared single-walled carbon nanotubes to asbestos – has grown more strident.  A few companies, such as nanoTox of Texas, are calling for the development of standards.  Currently, they sell product safety assessments to nanotechnology developers.
  As a lab, they are positioning themselves in the place that Lloyd’s Register began: part of the industry, but standing back to assess that industry.
One measure of risk currently in development is an inverse model:  the unregulated products on the market containing nanoparticles.  Woodrow Wilson Center’s Project on Emerging Nanotechnologies maintains a growing database of consumer products using nanotechnology, at 606 items in 2008.
  Another method has been proposed by Andrew Maynard of the Project on Emerging Technologies. He recommended “control banding” using a nanomaterial “impact index”. It would measure risk based on particle size, shape, and activity, the amount of material used and its dustiness.
   Labels, another method to signify risk, are also gaining ground.  In January 2007 the ETC Group of Canada announced the winners of a nano-hazard symbol contest which had elicited 482 designs from twenty-four countries. Below is one of their three winners.  It is simple and clever: nano-hazard is clearly linked to the already iconic symbols for poison and for atomic energy.  Two Australian companies have prepared a nano label for multi-walled carbon tubes but they have hedged their language: “toxicology not yet determined.  Treat as a hazardous substance.”
  It will be interesting to see if a simple tripartite system – ultrafine, fine and coarse – like the one below will obtain, or if something more complex like Maynard has proposed will emerge.  As mentioned above, DuPont is working with the US government in creating a non-binding voluntary stewardship program.  In this scheme, as new products are developed, they are assessed for risk in an open-reporting fashion.  
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	Illustration 4  Nanohazard, ETC Contest
	Illustration 5  Tripartite Particle Hazard Gradient


In nanotechnology, various methods of risk standardization are being created as artifacts of culturally distinct groups. For the producers of single-walled carbon nanotubes, the issues of environmental or health in manufacturing may be secondary to the risk of not finding customers as soon as possible after start-up and heavy capitalization.  A sufficient number of customers will be the key measure. For nanosilver washers, the debate is ongoing.  Who regulates the safety of the water supply with reference to nanosilver products is not clear, and what measure should be used is equally unclear. In the case of the battlesuit, “survivability” is the measure. The soldiers risk losing life and limb, besides which other kinds of risks seem less important. The risk measures that do exist are being developed or proposed by advocacy groups or government regulators or insurance companies – in some senses, those outside the industry.   In 2007 The Economist weighed in, saying that the degree of uncertainty in nanotechnology was not stopping product development, but it would create a public backlash if the degree of uncertainty were fully understood.  In other words, until regulation is put in place, trade itself is at risk.
  Those institutions trying to put labels and risk measurements in place are, in effect, asking to be given authority over the industry and power over the shape that trade will assume.

Owning Risk
Merchants are forced by the nature of what they do to share time, space and data risks with strangers, making agreements with people about whom they do not have enough information, and entrusting business decisions to those who are not present to be controlled.  They must use time and space controls: they shorten the distance between purchase and delivery and standardize everything along the transport pathway that would ordinarily permit independent (and incorrect) thought.  They must generate methods of risk management that serve as a check on the behavior of others.  To manage risk is to control space and time; to manage risk is to control behavior at a distance.  Merchants make standardized tools for a range of reasons, but one of the most obvious is to enforce beneficial arrangements of social power for merchants.   In his 1916 survey the uniform bill of lading, C. S. Duncan said, “uniformity is an essential element of free negotiability.”
 Uniformity protects and advances trade by creating common ground for strangers.  Trust in each other is replaced by trust in the system’s standards.  

Risk control, while “scientific” in appearance, is not the same as discovery.  The method gathers repeated information about the same event – the same technique that scientific discovery employs – but with an important difference: the expected results are already settled.  What can be known about the natural world and about human behavior has already been determined in the construct of the system. In other words, the categories being used to gather the information determine what can be learned.  Every kind of scientific research shares the problem of predictive expectations, but risk responses does so explicitly. Neither the information nor the categories are independent of desired social ends:  risk assessments are created and bound within a cultural framework and change as culture and ideas change.  If the tool is shaped by the ends, then what is called “risk” – including the degree of risk and the information used to quantify it – are each determined by the desired ends.  
In the Roman picti tituli, the social end was delivery and the whole system supported that goal.  Standardized volumes were enforced. Averting shipwrecks through information was not, apparently, a goal of the state or of the merchants who worked for the state.   For Pacioli, internal clarity with a single unit of measure was desired, but standardized measures between cities and states, in order to facilitate trade, which was at least conceptually possible, was likewise not a goal of the merchants in the Renaissance.  Perhaps each felt that the possibilities for shrewd trades outweighed the good of a standardized system for weight and volume. For Lloyd’s creating a level field for effort was in no way the end desired by the ship owners and merchants of London.  They created a book that allowed open evaluation to privileged members only, and likewise skewed the advantage of surveying towards their own city.  For railroads, the negotiability of bills of lading was less important than the delivery of freight and the avoidance of crashes.  While railroaders and shippers both agreed upon safety and delivery, the railroad showed that they were unwilling to bear responsibility for supporting negotiability at their own expense.  The process of creating risk response systems is iterative and interested.  The information tools gather only the information that will control what some segment of society wishes to control.  

It follows, therefore, that people and objects bearing a great deal of ancillary data capture cultural energies and concerns.  Simply looking at objects, not necessarily trade objects, that carry data, might be an interesting way to look at another culture.  Objects that collect a great deal of time and space data are likely to be at the center of trade and risk concerns for a culture.  When time and space measures become more exacting and are applied in new ways to people or objects, that effort is a good indication that a newly perceived risk is becoming important to some segment of society. Nanotechnology right now is in that position.  It is unclear how or what data will be appended to the object and system. 
As artifacts become more and more information-rich, they are less and less understandable to other cultures and times. Spatial and chronological representations are typically condensed and simplified in business tools: fewer symbols are made to convey more information about space and time. Generally, if the data appended to the trade object is meaningful to the culture in question, and the whole system of gathering, recording and showing the data associated with an object is an artifact of cultural risk conceptions, then the researcher can gain insight into cultural risk conceptions by examining what kind of richly condensed data are appended to a trade object; how many diverse categories of data are appended to a trade object;  how and when the specific time and space “tags” are changed; and what data are available to whom. 
However, even when complicated standardized data adheres to an artifact, it is often used in the service of a simple “yes”-“no” decision.  When commodity risk responses systems are applied to people in this fashion, then merchant thinking has truly interpenetrated culture at large. Risk response systems such as the background checks used in hiring situations bring this kind of application to light. The effect is to reclassify people and objects as risky commodities, and as apply the same “yes” – “no” decisions.  People are classified in a standardized “at-a-glance” form. Controversy over the applications of the measures and the forms of reporting will and, indeed, should occur.  

Extending the value and power (hegemon) of a risk-response system outside of its current area of users, consumers and readers is the problem faced by powerful interest groups.  Each area of standardization has served as a battleground. In progressive stages – sometimes very rapidly, sometimes slowly – a new tool is adopted. Sometimes the fights are forgotten to all but historians; others remain fresh to the interested parties. The nature of the standards becomes an entrenched norm; independent evaluation is replaced by policy. What follows the introduction of a new technique is a concentration of culturally unique ways of assessing the world; that is, the more methods for risk and valuation assessment are embedded unobtrusively in systems, and not made explicit, the harder it is to excavate and to alter such assumptions. 

The tools of merchants are a rich source of cultural significations and values because they are embodiments of social goals and shared concepts, and finally, of normalized behavior. Histories of business and technology undertake to describe key players and widespread social changes that take place when a new technology is adopted.  Physical tools tend to be the province of museums and archaeologists. Comparisons of culturally-determined concepts of time and space fit most comfortably in anthropological studies.  An application of archaeological methods to business tools allows historians to re-examine familiar points in the history of business. By seeking the conditions for system standardization, and the goals and fears embedded in artifacts, I hope I have offered a model for continued studies of old and new risk response systems.  
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