EDITORIALS

Hair analysis — a critical review

Peter Manson,* MB, BCh, BAO. DCH
Stanley Zlotkin,¥* MD. PhD

In 1982 the College of Physicians and Surgeons of
Ontario declared in an interim report that “‘present
knowledge with respect to hair analysis does not just-
ify its use in the detection of any nutritional deficiency
or excess, with the possible exception of zinc deficiency.
... The use of commercial hair analysis by physicians in
clinical practice is, in the present state of knowledge, a
procedure that is imprecise, unnecessary and probably
wasteful.”™ Yet some chiropractors, so-called nutrition
consultants, “fringe” dentists and practitioners of or-
thomolecular medicine use hair analysis as a diagnostic
aid; for cxample, an advertisement in a popular health
magazine recommends using hair analysis to detect an
improper “‘nutritional balance of essential minerals’ and
“heavy metal accumulations in your body™.’

The information provided by commercial laboratories
is under neither scientific scrutiny nor government
regulatory controls; therefore. the information may be
inaccurate. misleading and even detrimental to the
patient’s health. Indeed, the misuse of hair analysis has
been so blatant and extensive that scientists are often
reluctant to do research in the area.’

Nevertheless, the procedure has major potential ad-
vantages over more invasive techniques for detecting
trace elements in the body: hair can be collected easily
and painlessly, it is easy to transport, it requires no
special techniques for storage, and, unlike blood. serum
and urine, it provides a historical perspective about
concentrations of trace elements in the body once
deposited in the hair root and thence in the hair shaft
the elements are bound permanently. In addition, trace
elements arc often more concentrated in the hair than in
blood, serum or urine. Finally, hair analysis provides
information about intracellular accumulations of ecle-
ments, whereas analyses of blood or serum reveal only
the extracellular concentrations of the substances at the
time the sample was taken. and urinalysis identifics only
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extracellular substances that have been excreted.®

In spite of the potential worth of hair analysis as a
diagnostic tool, its regular use in clinical practice is
impeded by major problems in choosing the sample of
hair to be analysed, preventing contamination of the
sample. preparing the sample for analysis. analysing the
sample and interpreting the results.

Choosing the hair sample

Cornelis® found that the concentration of antimony in
hair samples taken from 16 sites on the scalp of one
subject varied dramatically: the standard deviation of
the mecasurements was 76%. In addition, the analysis
may be affected by the length of the hair; for example.
the concentrations of copper and zinc in the hair shaft
have been found to increase with the distance from the
hair root.® Thus, several samples of hair should be taken
from different sites at the nape of the neck.

Preventing contamination

Quartz or plastic cutting instruments prevent metallic
contamination of the hair sample while it is being taken.
but previous contamination from environmental sub-
stances may be difficult or impossible to avoid. Hair
shampoos, cold-wave lotions, hair sprays. bleaches and
dyes can affect the results of analysis.™

Other environmental contaminants may or may not
be desirable, depending on the purpose of the analysis.
Pollutants that collect on the hair may be valuable clues
in environmental studies; for cxample, in individuals
living near lead smelters lead may be found in increas-
ing amounts on the hair shaft from the root to the tip of
the hair.* However, if the intent is to measure clements
deposited within the hair shaft the hair must be washed
to remove dust, grease and other contaminants.'

Many washing materials have been tried (c.g., ace-
tone, cthylenediaminetetra-acetic acid, ionic and non-
ionic detergents, acids and water), but cven when
standardized techniques, such as that of the Internation-
al Atomic Energy Agency,'' are used the concentrations
of trace eclements in hair taken from the scalp are
greater than those in hair taken from an unexposed
area, such as the pubis.'” Buckley and Dreosti'* deliber-
ately contaminated hair with labelled zinc and then used
various standard washing procedures to determine their
effectiveness. None of the methods removed all of the
labelled zinc on the outside of the hair, but all of them
removed some of the zinc deposited within the hair
shaft. A washing procedure that removes the external



material yet leaves the internal chemical composition of
the hair intact has yet to be found.'* Furthermore,
Assarian and Oberleas!s stated that “the results ob-
tained by different laboratories utilizing different wash-
ing procedures should not be compared”.

The only, albeit unproven and often impractical,
alternative to washing is Chittleborough and Steel’s
“holistic no-wash approach™,'® which involves the use of
only very short hair (e.g., new beard growth in men) to
reduce the possibility of contamination from external
pollutants.

Analysing the sample

Experienced analysts are well aware of the difficulties
in measuring only two or three trace elements in a single
hair sample because of interference between the ele-
ments, but many commercial laboratories claim to be
able to detect and measure more than 20 elements in a
single sample of hair using new elaborate and expensive,
but largely untested, atomic emission spectrophotome-
ters.!” Also, some “nutrition laboratories” provide com-
puter printouts of the results, which are often accompa-
nied by lists of “normal ranges” and recommendations
that the patient increase his or her ingestion of the
elements that are deficient. All of this is accomplished
without any knowledge of the patient’s medical history
and in spite of the absence of an accepted definition of
what constitutes a normal range.'®!® The American
Council on Science and Health® recently published an
anecdote about a study by a pharmacologic consultant
to the US government who sent samples of hair from
three healthy young men to three commercial laborato-
ries: the reported results for each subject varied widely
from laboratory to laboratory. Unfortunately, this anec-
dote is the only reported evidence of the unreliability of
commercial analyses of hair.

Interpreting the results

The primary problem in interpreting the results of
hair analyses is the lack of information about the
normal range of concentrations of many trace elements
in the hair'®'"® and the physiologic factors that may
affect the concentrations; for example, the concentration
of zinc in the hair of breast-fed infants is much lower
than that in the hair of older children and adults.?

As well, little is known about the extent to which
concentrations of specific elements in hair correlate with
those in other organs, tissues, subcellular fractions and
metabolic pools; for instance, the amount of zinc in the
hair of rats correlates with that in the bone and testes
but not with that in the blood, liver or kidneys.?
However, the retention of zinc by hair has been reported
to be similar to that by bone,?? an observation that may
be valuable in identifying children in whom zinc supple-
mentation is thought to accelerate skeletal growth.2
This may also explain why the concentration of zinc in
the hair correlates well with the height of children in
whom there is a high incidence of zinc deficiency.?*

Finally, the sex, age and hair colour of the subject, as
well as drugs taken, may affect the concentration of
trace elements in hair.2526

Uses of hair analysis

In spite of all the difficulties, analysis of hair for trace
elements is used in four areas of study: environmental,
forensic, nutritional and pathological.

Analysis of hair to estimate the level of exposure to
toxic elements such as lead and cadmium*®?’ can be
useful because samples can easily be collected from a
large population and can be randomized so that varia-
tions in the site from which the sample was taken,
differences between the amount of trace element on the
surface of and within the hair shaft, and the sex, age
and hair colour of the subjects are not major prob-
lems.28-3!

In forensic medicine, hair analysis for trace elements
can be used to prove recent poisoning,’? misuse of drugs
and ingestion of toxic substances.?® Furthermore, toxic
elements in the hair can be detected long after other
tissues have decomposed.? It was once thought that hair
found at the scene of a crime could be analysed and
used to identify the criminal, but the effects of hair
treatment and the site at which the hair grew “make it
difficult to confirm unequivocally that a hair specimen
belongs to a given person to the exclusion of any
other”.¢

Nutritional studies have shown that malnutrition
severe enough to cause marasmus or kwashiorkor may
cause macroscopic changes in the colour, thickness and
general appearance of hair. Microscopic assessment of
the ratio of growing hair to resting or broken hair is
particularly useful in identifying individuals with pro-
tein-energy malnutrition.’® Low concentrations of zinc
in hair and blood are also associated with nutritional
deficiencies and short stature;*® however, hair growth
slows so severely in individuals with malnutrition that
even when the concentrations of trace metals such as
zinc are reduced in the plasma they may be normal in
the hair.”’

Analysis of hair for trace elements would be useful in
monitoring the course of a disease if the analytic
techniques were reliable and if concentrations of the
elements in hair correlated with those in other tissues.
For example, Jacob and colleagues® found a correlation
between the concentrations of copper in the hair and
those in the liver of rats. However, similar studies in
humans have been disappointing: of 11 patients with
primary biliary cirrhosis and high concentrations of
copper in the liver only 1 had a high concentration of
copper in the hair,® and none of a group of patients
with Wilson’s disease had abnormal quantities of copper
in their hair.4

Summary

The analysis of hair for trace elements is potentially a
safe, noninvasive and extremely useful diagnostic tool,
but it has not yet been proven to be reliable or to reflect
the status of trace elements elsewhere in the body. As
well, little is known about the normal ranges of concen-
trations of elements in the hair or about the physiologic
and pharmacologic factors that affect the concentra-
tions. Until these problems have been resolved satisfac-
torily the diagnostic use of hair analysis performed by
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commercial laboratories cannot be justified in clinical
practice.

References

. Interim Report: College Position on Hair Analysis, College of

Physicians and Surgeons of Ontario, Toronto, Oct 1982

. Hair analysis [class ad]. Prevention 1984; 36 (3): 148
. Meister KA: Hair analysis a useful diagnostic tool, or waste of

money? ACSH News and Views 1982; 3: 11

. Petering HG, Yeager DW, Witherup SO: Trace metal content of

hair. Arch Environ Health 1971; 23: 202-206

. Laker M: On determining trace element levels in man: the uses of

blood and hair. Lancet 1982; 2: 260-262

. Cornelis R: Neutron activation analysis of hair failure of a

mission. J Radioanal Chem 1973; 15: 305-316

. McKenzie JM: Alteration of the zinc and copper concentration of

hair. Am J Clin Nutr 1978; 31: 470-476

. Abraham JL: Trace elements in hair. Lancet 1982; 2: 554-555
. Chattopadhyay A, Roberts TM, Jervis RE: Scalp hair as a

monitor of community exposure to lead. Arch Environ Health
1977; 32: 226-236

. Salmela S, Vuori E, Kilpio JO: The effect of washing procedures

on trace element content of human hair. Anal Chim Acta 1981;
125:131-137

. Ryabukhin YS: Nuclear-based methods for the analysis for trace

element pollutants in human hair. J Radioanal Chem 1980; 60:
7-30

. DeAntonio SM, Katz SA, Scheiner DM et al: Anatomically-relat-

ed variations in trace-metal concentrations in hair. Clin Chem
1982; 28: 2411-2413

. Buckley RA, Dreosti IE: Radioisotopic studies concerning the

efficacy of standard washing procedures for the cleansing of hair

-

itsfor
life.

For starting therapy: LOPRESOR 50 mg b.i.d.

increased to LOPRESOR 100 mg b.i.d. if necessary

GEIGY,

For once-a-day maintenance:
LOPRESOR SR 200 mg

WRITE ‘NO SUBSTITUTION:

(metoprolol tartrate)

Geigy

Mississauga, Ontario G-4066
L5N 2W5

188

CAN MED ASSOC J, VOL. 133, AUGUST 1, 1985

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

before zinc analysis. Am J Clin Nutr 1984; 40: 840-846

. Hambidge KM, Rodgerson DO, O’Brien D: Concentration of

chromium in the hair of normal children and children with
juvenile diabetes mellitus. Diabetes 1968; 17: 517-519

. Assarian GS, Oberleas D: Effect of washing procedures on

trace-element content of hair. Clin Chem 1977, 23: 1771-1772

. Chittleborough G, Steel BJ: Is human hair a dosimeter for

endogenous zinc and other trace elements? Sci Total Environ
1980; 15: 25-35

. Fassel VA: Quantitative elemental analyses by plasma emission

spectroscopy. Science 1978; 202: 183-191

. Hambidge KM: Hair analysis: worthless for vitamins, limited for

minerals. Am J Clin Nutr 1982; 36: 943-949

. Rivlin RS: Misuse of hair analysis for nutritional assessment. Am

J Med 1983; 75: 489-493

Hambidge KM, Walravens PA, Casey LE et al: Plasma zinc
concentration of breast fed infants. J Pediatr 1979; 94: 607-612
Deeming SB, Weeber CW: Evaluation of hair analysis for
determination of zinc status using rats. Am J Clin Nutr 1980; 33:
2047-2052

Strain WH, Berliner WP, Lankau CA et al: Retention of
radioisotopes by hair, bone and vascular tissue. J Nucl Med 1964;
5:664-674

Hambidge KM, Walravens PA: Zinc supplementation of low
income preschool children. In Kirchgessner M (ed): Trace Ele-
ment Metabolism in Man and Animals. Proceedings of the 3rd
International Symposium, Freising, Federal Republic of Germa-
ny, July 1977, Technical University of Munich, Munich, 1978:
296-299

Buzina R, Jusic M, Sapunar J: Zinc nutrition and taste acuity in
school children with impaired growth. Am J Clin Nutr 1980; 33:
2262-2267

Deeming SB, Weber CW: Hair analysis of trace minerals in
human subjects as influenced by age, sex, and contraceptive
drugs. Am J Clin Nutr 1978; 31: 1175-1180

Vir SC, Love AHG: Zinc and copper nutriture of women taking
oral contraceptive agents. Am J Clin Nutr 1981; 34: 1479-1483
Kopito L, Biley AM, Schwachman H: Chronic plumbism in
children. JAM A 1969; 209: 243-248

Hammer DI, Finklea JF, Hendricks RH et al: Hair trace metal
levels and environmental exposure. Am J Epidemiol 1971; 93:
84-92

Roberts TM, Hutchinson TC, Paciga J et al: Lead contamination
around secondary smelters: estimation or disposal and accumula-
tion by humans. Science 1974; 186: 1120-1122

Creason JP, Hinners TA, Bumgarner JE et al: Trace elements in
hair, as related to exposure in metropolitan New York. Clin Chem
1975; 21: 603-612

Jervis RE, Tiefenbach B, Chattopadhyay A: Scalp hair as a
monitor of population exposure to environmental pollutants. J
Radioanal Chem 1977; 37: 751-760

Fletcher DJ: Hair analysis: proven and problematic applications.
Postgrad Med 1982; 72: 79-83

Valente D, Cassini M, Pigliapochi M et al: Hair as the sample in
assessing morphine and cocaine addiction. Clin Chem 1981; 27:
1952-1953

Smith H, Forshufvud S, Wassen A: Distribution of arsenic in
Napoleon’s hair. Nature 1962; 194: 725-726

Bradfield RB: Hair tissue as a medium for the differential
diagnosis of protein-calorie malnutrition: a commentary. J Pe-
diatr 1974; 84: 294-296

Strain WH, Steadman LT, Lankau CA et al: Analysis of zinc
levels in hair for the diagnosis of zinc deficiency in man. J Lab
Clin Med 1966; 68: 244-249

Hambidge KM: Hair analysis. Pediatr Clin North Am 1980; 27:
855-860

Jacob RA, Klevay LM, Logan GM: Hair as a biopsy material. V.
Hair metal as an index of hepatic metal in rats: copper and zinc.
Am J Clin Nutr 1978; 31: 477-480

Epstein O, Boss AMB, Lyon TDB et al: Hair copper in primary
biliary cirrhosis. Am J Clin Nutr 1980; 33: 965-967

Rice EW, Goldstein NP: Copper content of hair and nails in
Wilson’s Disease (hepagolenticular degeneration). Metabolism
1961; 20: 1085-1087



