Some remarks on the C&E News article on water treatment and chemistry

A recent (July 19 2004) issue of Chemical & Engineering News
 contains an interesting article on drinking water and chemistry and reports on a conference related to that theme in Paris. Here is a good example of where scientific knowledge plays a key role in an area related to SJC themes. It illustrates not only how many scientists and technologists are concerned with some technological (and craft-related) results of human activities which have noticeable effect on an important resource for humans and other species, but also shows how our knowledge can have positive effects on our lifestyles and their impact on the environment. WHO reports that 2.4 billion people do not have access to basic sanitation, and more than 1 billion lack safe drinking water. 

It furthermore shows the difficulty and subtlety of many important questions. For example, chlorine gas, produced from sodium (or calcium) hypochlorite, is an excellent disinfectant, in so far as only a small amount is required to kill a large proportion of pathogens. Unfortunately, it also produces some organochlorine compounds which are toxic in other ways to other organisms and indeed, in some contexts, to humans. There thus has been some moves to replace hypochlorite with ozone. Ozone produces less toxic by-products, but it lasts for a briefer time and so disinfects less. The importance of having some treatment was tragically illustrated in Peru when the government stopped chlorinating their water. This resulted in a cholera epidemic where 10 000 people died and over a million cases were reported. It is also tragic to note that this occurred because the government became persuaded that the risks of organochlorines outweighed the benefits of chlorinating water. (This case is from the excellent book Nature’s Building Blocks: An A-Z Guide to the Elements.)

Furthermore, ozone is toxic itself – not a problem if the amount is kept under control, but if released it can produce severe lung damage. (Incidentally this also illustrates another issue: ozone is not all good – we need it, but not down here near the surface of the earth!) These issues are put as follows by one chemist:

“The emphasis nowadays is that all new water treatment chemicals should be biodegradable and not add to the environmental burden,” 

Selecting treatment means is not an easy problem. It is suggested it has to balance environmental goals, performance levels, toxicity of the means, etc.

It does not take sophisticated knowledge to recognize when someone slowly wastes away from diarrhea that something rather nasty has killed them. It does to determine that our hapless victim succumbed to arsenic poisoning and also what to do about this. Notice how these same symptoms are also those of many pathogens which live in water.  Diagnosis is crucial especially as one can treat arsenic poisoning if is detected early on.

C&E News reports that there are parts of India where the ground water is quite potable except for arsenic contamination. A local approach is merited, but can this naturally occurring problem be solved? (It thus also illustrates “natural does not equal good”). It is true that sometimes one can become acclimated to some arsenic as is the case with some people in Chile (for example), but this is rare and cannot occur irrespective of dose. Moreover, this approach does not generalize to all possible poisons, and so it is dangerous to rely on it.

Chemistry does not extend just to purification; as intimated above, chemistry has a role in analysis too, as well as transportation. Discovering what is and isn’t safe about water supplies (or anything else) is a first step in discovering what to do. Transportation of water is also in some places needed. Plastics are commonly used to transport water and are flexible, durable, and easy to assemble. These are reasonably environmentally friendly, as they are relatively inert; at least once the raw materials are constructed. They do however rely on hydrocarbon sources to manufacture, with all the accompanying problems thereof. Replacing plastics with local metals is not realistically an option, for copper is not found everywhere and other metals require mining (or are otherwise useless for pipes and such). Other solutions are a long way off – and it is not clear what to do in general. We cannot in any conceivable way stop using hydrocarbons. (The question then becomes what we should do with them and how to conserve their usage and recycle what we have already made, etc. But this will take another article to discuss.)

Of course, other scientific work is needed along with the chemistry – an illustration of the multifaceted nature of problems. For example, microbiology is needed to study the effects of certain biological contaminants as well as to investigate the promise of genetically engineering bacteria to eat waste and excrete useful or at least less harmful products. (This has already been done on small scales.) Hydrology and geology are needed to study water tables and the water cycle, and also play a role in purification in cases where water is contaminated by minerals.

This article also illustrates the local-universal dialectic I discussed in my introductory pieces. Interestingly for SJC, a (reasonably) local approach to drinking water in Honduras is also discussed in the article. The Honduran government has distributed calcium hypochlorite disinfection systems to many villages. These work, but could work better and a project co-sponsored through the Johns Hopkins School of Public Health has studied the matter and recommended an improved system that should reduce the deaths in Honduras. The system appears to build on the existing one and thus retain its locally developed character. Moreover, it still requires repeated human intervention, and so in that respect allows people to take their lives into their own hands. 

However, there is one thing I would like to know: where is the hypochlorite obtained? It is relatively easy to manufacture and the raw materials are almost certainly available so it is quite possible it is done locally or at least in the country. If it isn’t made in Honduras, it might be possible to set up a small chemical industry there to produce it – and gain the benefits thereof. (The side effects of course have to be negotiated fairly, etc. as one would expect, but it might be an interesting project to consider if it hasn’t been done already.)

I close by noting that there really is a way – so long as we are vigilant and work hard– that the (in many senses rightly!) derided slogan “better living through chemistry” is possible. (Nor should this blind us to the need for so many other pieces of the puzzle, but    such is life.)

� C&E News is the “New York Times” of chemistry, as my father, a retired chemist, puts it. It is the primary news publication of the American Chemical Society and is read by thousands of chemists and chemical engineers world wide. It reports on “industry gossip” (graduation rates, corporation profits, deaths, awards, etc.) as well as brief discussions of interesting results of research, general scientific interest and related to public policy. It is the latter category the article I discuss falls under.





