Hydrocarbons – some notes

I mentioned in my piece on water supplies that hydrocarbons are an interesting problem. Carbon is a wonderful element because it is capable of making four strong bonds to up to four other atoms. This allows an unbounded number of compounds to be produced. We (save some salts and water) are made up of thousands of such compounds. Other organisms and our laboratories have produced millions. The study of carbon-hydrogen compounds is called organic chemistry, and all those millions of compounds are organic in this sense. This has nothing to do with the sense of “organic” used in some agricultural practices. The name of the scientific field derives from the fact that it used to be thought that organic compounds could only be synthesized by living organisms. This vitalist viewpoint was refuted in the 1830s by a German chemist (Wöhler) who managed to make urea from ammonium cyanate
. 

However, our “artificially” manufactured organic compounds (for example, plastics, most drugs, etc.) require a source of hydrocarbons to make. (Using graphite or diamonds directly is not viable.) So even if we were to stop using fossil fuels tomorrow, people around the world would remain dependent at least in part on petrochemical deposits. In principle we could use plants as a source, as with the case of  “bio-ethanol”, but this is far from being sufficient.

It is thus not practical to stop the use of petroleum completely – in fact it would no doubt condemn many millions of people to horrible deaths. Instead we have to analyze carefully what uses we want to make of these valuable resources, and how to obtain said resources with a minimum of environmental impact, nasty political intervention, etc.

It might be retorted that there are always alternatives – plants and animals for clothing, metals for tubes and pipes, plant products for drugs, etc. An exhaustive list of things that involve at least a component made from petroleum (directly or otherwise) is a very long list of items. Moreover, each alternative to the petroleum-derived produce involves at least a plausible countervailing issue. It is these I discuss below.

Harvesting plants and animals for clothing is grossly wasteful in other respects. It is certainly true we can make use of many parts of some animals to make clothing, and certainly also true our current practices of (say) using just the fur of a mink is wasteful. Of course also, “fur farms” and leather cattle ranches are also horrible from the animal rights perspective, so many would want another approach to our clothing for that reason. It would also require many resources. It may be true that if we used animal hides and furs more we’d buy less, assuming having a more durable sort of fur or leather. But if the resources available are far less, what good does this do? A calculation is needed here, one which I don’t have the data to perform. Does anyone have the figures we can use? This is important. We ought to let the numbers help us make these decisions.

Metals instead of plastic for transportation of important liquids (e.g. water) have advantages: often they are easier to clean, and products made thereof are more easily manufactured locally in many places. However, metals are mined (except for a few rare cases like so-called native copper) and in any case need to be purified. This is quite important; any water pipe, for example, slowly dissolves and so we must consider what we are ingesting as a result. This is especially true in the case of surfaces where acids have been present, for example from foods. Metal also generally requires smithing if not welding to deal with, which in turn raises other problems.

Plants for drugs are both the most promising and the most dangerous and overhyped area of the three I have been discussing. Many plants do have pharmacological and other health-related effects. Determining what these are is a problem, as many sellers of so-called “herbal remedies” refuse to put their materials to the test. This testing also applies to safety – there is no reason to suppose that just because something is grown in a plant that it is safe to use. “Natural ≠ good” as a moment’s reflection over one of the most toxic substances (botulinium toxin) should reveal.  Moreover, plants suffer from a standardization problem. If I take a leaf of miscellaneum arbitrarius hoping to cure my headache, even if it does contain an analgesic, I still don’t know how much, and what other stuff is in there and in what amount. For example, Stephen Barrett of quackwatch.com, a good source of information on “alternative medicines”, reports in his article “The Herbal Minefield” (http://www.quackwatch.org/01QuackeryRelatedTopics/herbs.html) that:

“A Good Housekeeping Institute analysis of six widely available St. John's wort supplement capsules and four liquid extracts revealed a lack of consistency of the suspected active ingredients, hypericin and pseudohypericin. The study found: 

A 17-fold difference between the capsules containing the smallest amount of hypericin and those containing the largest amount, based on manufacturer's maximum recommended dosage. 

A 13-fold difference in pseudohypericin in the capsules. 

A 7-to-8-fold differential from the highest to the lowest levels of liquid extracts .”
I must stress that this problem does not go away if one merely standardizes the species used for the proposed remedy. Even individual variations within a given individual plant can be quite dramatic. By extracting from the plant, at the very least, we can control the amount of active ingredients, both helpful and harmful.

Some plants are very good at uptake of heavy metals in doses that would be fatal to humans. Some produce other pharmacologically or other active compounds that are undesirable. The recent cases of kava liver poisoning are a great example of this. (Actually, anyone who has gotten drunk or addicted to coffee can attest to the undesirable effects of  some “natural” products.) Very few existing medical treatments are taken directly from plants for these reasons.

This is not to say research shouldn’t be done on plants, but unfortunately, it largely isn’t. A lot of what passes for research is just advocacy or testimonials at best. Moreover, the precious hydrocarbons are often needed to modify a promising compound found in a plant into something that might be less toxic, easier to digest, etc. Chemists also need small quantities of hydrocarbons just to explore promising molecule types to see what reactions they take part in, etc. This basic research eventually shows up (in some cases!) in the manufacture or purification (etc.) of drugs.

The above is not to say that everything we have made in the laboratory and the factory is good for us or other creatures either. Sometimes we make a mistake, and it has unfortunate consequences. But this is unavoidable – what is avoidable is not using the best possible knowledge and procedures in order to minimize our mistakes and produce the best hope of correcting them when they do occur. Moreover, it is important not to overreact. For example, thalidomide is still an excellent antinausea treatment and there is no reason why it should not be used on those who cannot get pregnant. We also must realize our choices have trade offs: banning DDT is good for the birds and other non-human animals, which is a noble and worthwhile goal. But it also allows the spread of malaria amongst humans. Fortunately, at least long term, we do not have to make this choice – further research on insecticides (manufactured and otherwise – plants produce their own, which are sometimes desirable, sometimes not) might give us other options.

These considerations apply in spades to our wasteful use of hydrocarbons. Making good materials (ones that are durable, cheap and environmentally friendly) and pharmaceuticals (especially cheap but effective ones) is much more important to me than burning so much of it as fuel. I finally note that many effective solar cells and wind-capturing sails, for example, require hydrocarbons to manufacture as well. This will also apply to most of our new compounds at least in the foreseeable future.

One of my colleagues at Carnegie Mellon, Preston Covey, always stresses the importance of factual information for ethically informed decision making. I hope that these brief remarks on hydrocarbons will help to this end. I can see this work as part of a series of brief  “science lessons”. A recent Salon (online newsmagazine) article reported how uninformed an anti-biotech demonstration was and how the author, sympathetic with some of the goals of the activists, spent some time politely bringing these demonstrators up to speed. While it may not be necessary to be familiar to a great degree with the science or technology behind many proposals of public importance, it at the very least is necessary (so it seems to me) to have some basic knowledge of such. The Salon article suggested that this basic “science literacy” would better allow activists and critics to “speak” to those they are opposed to in such a fashion as to avoid being dismissed due to their ignorance. Not only does one help avoid this problem, one gets the obvious advantage of knowing more precisely where one disagrees with something. For example, I am not opposed tout court to genetic engineering, but instead (for example) I oppose using it to foster economic dependence. But that is another paper for another time …

� Incidentally, this story also illustrates how one investigation can have unforeseen consequences of interest in a good sense. Wöhler was investigating what is now known as isomerism – the fact that the same kinds of atoms can form different compounds even in the same proportions. This is today explained by noting the different spatial arrangement of the atoms in each case. It was only incidentally that he struck a blow against vitalism. His primary discovery has vital importance to our use of synthetic compounds. Many compounds are different from another only in the way the atoms are arranged in space (called isomers); one particular form of isomer, involves a compound and its nonsuperimposable mirror image. (The molecules are “handed”, like two gloves.) This is important biochemically as generally only one such compound is active in our bodies – or active in the way we want. It is often difficult to synthesize just one of them, however. Much research is underway on this subject so that our drugs can be “stereospecific” and thus safer and less wasteful, too.





