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plied. Many such articles were writ-
ten for magazines with no review
processor verge onthe “gee whiz”
school. While these materials have
broad coverage and are useful re-
sources, they don’tqualify as tech-
nical references. Often, the articles
are generated by company sales
literature or other non-technical
sources.

2. Qbscure or foreign journals that are
difficult to obtain. Insome cases, the
papers are published in fields un-
related to water treatment and
employ lofty language. Elevated
language along with obscure ref-
erences can often be mistaken for
science. But linguistic hocus
pocus does not mean scientific
soundness.

3. "Aslsaid before...” Reflective refer-
ences, where the article quotes an
unsubstantiated article or report
by the same author—thus quoting
themselves. Often, quoted articles
are privileged and unavailable.

4. A few truly studious journals. Most
of these offer tentative hope in an
effort to be non-biased and non-
judgmental. Most also have been
negative about the prospects of
magnetics in water treatment.
Some present a glimmer of hope
and, asexpected, these are the ones
mostoften cited. Even when skep-
tical, most serious scientists are
hesitant to reject the notion out of
hand; no one wants to be the next
Lord Kelvin, who as president of
the prestigious British Royal Soci-
ety,saidin 1895, “Heavier thanair
flying machines are impossible.”
Sofar,adherentshave beenunable

topredictwhenand whereitwill work;
there are no firm traditional engineer-
ing guidelines such as flow rates, con-
tact times, magnetic orientation and
field size orintensity, norany operating
guidelines on water chemistry.

Quantifying effects on H,0

In an excellent, comprehensive
review paperin Water Resources,a peer
review journal, two years ago,* a cat-
egorization of the several approaches
toameliorationby magnetic treatment
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MAGNETICS: A HisToricAL COMPARISON

Steam boilers have been in operation since 1712, when Thomas Newcomen invented a
waorking, albeit inefficient, steam piston to aid in pumping water from mines. While knowledge
of steam power existed in the first century (Hero’s celebrated steam ball rotated, in a manner
similar to a lawn sprinkler), James Watt is usually credited with the first workable steam engine
in 1764. And while steam power was tested for boats by John Fitch as early as 1787, it wasn't
until 1807 when Robert Fulton's Folly, “Clermont,” demonstrated clearly the value of steam
power for boats.

The recognition of scale formation from hard water is also ancient. Hard, calcium-laden well
water boiled in a kettle will, in time, fill the kettle with calcium scale—calcium carbonate—to a
third of its volume or less. This is a phenomenon that early experimenters (and cooks) would
easily have noticed. Ancient alchemists used this effect to confirm the theory of translation of
the element “water” into the element “earth.”

By 1821, engineers recognized effects of scale in boilers, the accompanying reduction in power,
the clogging of heat exchange pipes and other associated problems. At the same time,
advances in our understanding of the physics of electricity were made. In 1823, William
Sturgeon wound an electric wire around a rod of iron and formed an electromagnet. The
properties and physics of magnetism were studied by James Maxwell and Michael Faraday
in the early 1800s. By the late 1800s, inventors developed the first electromagnetic water
treatment device. In 1890, the U.S. Patent Office issued a patent for “Electric Scale Control
for Boilers™ where the inventors state:

“It is well known that galvanic and magnetic influences upon water and its impurities have the
effect of removing scale already formed in boilers, and of preventing the formation of the same
when applied within the boiler beneath the water line and that galvanic influences upon the
water before introduction to the boiler have a similar effect.”

Later in the text, the patentees conclude that:

“...Introduction to the boiler of negative and positive elements to produce galvanic action is
objectionable, because the material of the boiler is liable to be corroded or consumed, and thus
the boiler is destroyed.”

To place this event in context of the history of technology, the year before (1889), Thomas
Edison invented motion pictures; X-rays were first generated, identified and named; Alexander
Graham Bell's patent for the telephone was only 14 years old; Albert Einstein was 11 years
old and would not publish his paper linking light and electromagnetism for 16 more years.

(AMT)isoffered. Theauthorsconclude,
“Thereislittledoubtthatin some cases
AMT can exert a significant scale-in-
hibiting effect which can not be attrib-
uted entirely to incidental factors such
as solution chemistry, with specific
reference to contamination, and to tem-
perature.” Butwhatis this effect? How
can it be measured and controlled?
Lack of an explaining mechanism sug-
gests the effects may indeed be inci-
dental and accidental.

There are many technical ques-
tions: What magnetic strength is re-
quired? Whatis the secondary effectof
theearth’s magnetic fields? Whatpipe
sizes and materials are applicable?
One function of engineering is to es-
tablish the conditions where the de-

sign will or will not be effective.

The scientific community so far
doesnotagree onany physical or chemi-
cal mechanism through which mag-
netic water treatment canbe explained
although there have been several ten-
tative suggestions. Understanding the
scientific mechanism might suggest
refinements and corrections thatcould
improve performance and also help
determine conditions for better engi-
neering application as well.

Is there an effect of magnetism on
the water molecule? Certainly. Mag-
netic Resonance Imaging (MRI) is de-
pendenton thateffectand the effect is
real in that application. Exceptionally
high-powered magnets are used to
study themolecules of living things, in
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structural molecular biology, for ex-
ample. Translating that effect to ma-
nipulating running water on thatlevel,
however, isn’t the same.

Iswater affected by anelectricfield?
Yes, a stream of water can be demon-
strably bentby electric currentsbut the
effect of magnets on an individual
molecule of water is negligible and
insignificant in relation to the other
forces.™

Laws of attraction

The effect of a magnetic force on
the formation of calcium carbonate
crystals hasbeensuggested asa pos-
sible mechanism of scale control. Tt
should be possible to determine,
through laboratory experiment,
whether such aneffectisreal oreven
possible, AFM (atomic force micros-
copy) hasbeen used to determine the
spiral structure of calcite, for ex-
ample, and similar procedures can
be applied to study the structure
under magnetic and non-magnetic
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conditions.!?

The notion that substances may
have para- or diamagnetic properties
that can be affected by a magnet is
real. For example, oxygen has a well-
known paramagnetic property that
can be demonstrated using eitherlig-
uid or gas oxygen."? Perhaps the study
of magnetic influences on ice as solid
water structure might reveal some
properties.

Frequently, writers refer to the
“Zeeman effect” or the “Cotton-Mou-
ton effect” or to “quantum physics” or
other named or exotic effects or theo-
ries—ofteninsome obscure way. The
cited physical effects arereal: Zeeman
and Cotton-Mouton effects refer to the
influence of electromagnetic fields on
light, and there are quantum over-
tones to every discussion of modern
physics, especially with respect to
magnetism orelectricity. Butthe mere
invocation of quantum properties
without fully explaining the connec-
tion is pointless.

* Write in Reader Service Number 43 »

How does it work?

The scientific explanation that so
far seems most plausible is one sug-
gested by K.W. Busch in 1986, and
morerecently confirmed by P.P.Coetzee
and colleagues at Rand Afrikaans
University inSouth Africa.* These stud-
ies contend an applied magnetic force
enhances the corrosive dissolution of
pipe and it’s the material of the pipe
thatmay alter ability of calcium to form
acrystal. Thus, presence of the magnet
is secondary to presence of metallic
ions—iron, copper or others (zinc is
specifically noted in the Coetzee pa-
per)—thatcould presumably be intro-
duced into the water through chemical
injection with the same result.

There may be still other causal
relationships. Perhaps living matter
bacteria, cysts, cellular
structures or biofilms—or the magnetic
ions within them are somehow altered
by themagnetic field. Perhaps organic
matter responds to the electromagnetic
force. Perhaps, perhaps not—so far, no

in the water
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one has looked.

But, in the end, is a “scientific
explanation” necessary for the equip-
ment to perform? Surely not. Many
well-defined and common engineer-
ingactivitiesdon'thaveclearly under-
stood scientific explanations. Within
the water industry, scientists can’t vet
agree onhow reverse osmosis works—
but no one doubts it does. Even if we
disallow the insistence on a scientific
explanation for the process, there is
ground for skepticism.

A century standing still

The claim of magnetic scale pre-
vention technology isnotnew; in fact,
it'’s not even 20th Century much less
21stCentury technology, and we prob-
ably know as little about it now as we
did in 1890, when the first related U.S.
Patent wasissued for amagneticscale
prevention device (see Historical Com-
parisorn). While there remains very little
19th Century technology untouched
by 20th Century science, magnetic
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water treatment has not advanced.

Why, by now, 108 vears after an
early patenton the process, is thereno
consistent, regular demand for mag-
netic treatment? If such mechanisms
trulv workas claimed, boilerengineers
the world over would by now have
incorporated magnetic devices into
boiler design and scale would rou-
tinely be collected in magnetic cham-
bers. Micro-magnetic descalers would
routinely be attached to coffee makers,
irons, domestic water heaters, etc. This
is not the case.

Clearly, this technology needs
more work.

Conclusion

The industry should perhaps
gather its various claims and orga-
nize, raise funds and buy significant
and meaningful research toward not
only the scientific principles underly-
ing the processbut the development of
the process itself. For a true demon-
stration of the effectiveness of mag-

netictreatment, a third party, indepen-
dentpanel (however financed) should
design experiments to prove or dis-
prove theories on such mechanisms.
This exercise would go a long way in
allaying industry and public skepti-
cism. And thereisindication the physi-
cal treatment industry is interested in
such a program, according to NSF In-
ternational, but it has not yet begun.

With such astudy, our questions
canbe answered with data, measure-
ments, facts—in short, science and
technology, study and documenta-
tion. Do not answer with incantation
and cant, argued from paranoid accu-
sations of industry cover-up and con-
spiracy or fuzzy, indefinite personal
anecdotes and assurances, or it will,
atleastforme, remainrelegated tothe
bin of other hocus pocus schemes. If
it’s real, show us.4d

Editor'snote: WCEP receives about a

dozen submissions a year involving some

form of magnetic or electronic water treat-

ment devices. Several have been consid-
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Selected Magnetic References

To conserve space, the list of well
over 100 papers and articles consulted
for thisreview hasbeen abbreviated. A
more comprehensivebibliography can
be obtained by contacting the editors
of WC&P.
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