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Two Age-Related Accumulation Profiles of Toxic Metals
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Abstract: In order to investigate the body burden levels of toxic metals in Japanese, five toxic metal concentrations in
scalp hair samples from 28,424 subjects from infant to clderly were determined with induclively coupled plasma mass
spectrometry (ICP-MS). The geometric mean of hair mereury concentrations showed a high-significant age-correlated in-
erease (r= 0.341, p < 0.0001) with a peak at the 6™ decade of life and then decreased with further aging in both sexes. The
mean mercury concentrations in male adults were significantly higher than those in female (p < 0.001), indicating the
gender difference (male > female) in mercury accumulation. Arsenic also showed a similar accumulation profile with age-
dependency and gender difference in adult subjects. In contrast, cadmium, lead and aluminium exhibited another type of
aceumulation profile: the highest burden level was observed in infants aged 0-3 years old for every element in both sexes.
In addition, cadmium was found to have a character accumulating in aged females, with significant age-dependency (r =
0.134, p <0.0001) and gender difference (female > male).

These findings suggest that toxic metals are classified into two families on the basis of their accumulation profiles, and
that the three elements of mercury, arsenic and cadmium which accumulate age-dependently in adults, may play 2 role in

aging process and higher burden with them may lead to acceleration of aging.
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INTRODUCTION

Environmental pollution with toxic metals is one of the
problems today. Hair is a unigue tissue containing a special
protein “hair-specific keratin” which js rich in cysteine capa-
ble of binding with toxic metals, and has a role of excreting
them from the body. In fact, high toxic metal levels have
been reported in the scalp hair samples from the subjects
exposed to toxic metal pollutions, such as mercury, cad-
mium, arsenic or lead [1-4]. Thus, scalp hair is generaily
accepted as a biomarker specimen for estimating methyl-
mercury exposure, and hair mineral analysis has been used in
forensic medicine, in screening populations for toxic metal
poisoning and in monitoring environmental pollutants [5-8].
in particular, Goulle e al. [7] have demonstrated that hair
mineral analysis using a high specific and sensitive induc-
tively coupled plasma mass spectrometry (ICP-MS) method
is reliable and suitable for estimating chronic texic metal
poltution and mineral deficiency in human body. Thus, its
clinical application has been tried for diagnosis of some dis-
eases and symptoms [9-12].

The purpose of this study was to examine the burden
levels of toxic metals in Japanese population. The data of
representative five toxic metals including metalloid (mer-
cury, arsenic, cadmium, lead and aluminium) in scalp hair
samples from total 28,424 Japanese subjects aged 0-100
years were used, and their body burden levels were esti-
mated.
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This study demonstrates that there are two age-related
accumulation profiles for toxic metals and that the three
glements of mercury, arsenic and cadmium accumulate with
age-dependency and their accumulation may play a role in
aging process.

METHODS
Scalp Hair Samples and Toxic Metal Analysis

On the basis of informed consent, scalp hair sampies
from 28,424 (male: 9,612; female: 18,812) subjects aged 0-
100 years were collected in the period from June 2005 to
July 2007 (Table 1). Hair sampling was recommended to cut
as close to the scalp of the occipital area as possible. Hair
sample of 75 mg was weighed into 50ml plastic tube, and
washed with acetone and then with 0.01% Triton solution, in
accordance with the procedures recommended by the Hair
Analysis Standardization Board [13]. The washed hair sam-
ple was mixed with 10 ml 6.25% tetra methy! ammonium
hydroxide (TMAH, Tama Chemical, Kawasaki, Japan) and
50 pl 0.1% gold solution (SPEX Certi Prep, Metuchen, NJ,
USA), and then dissolved at 75 °C with shaking for 2 hours.
After cooling of the solution to room temperature, internal
standard (Sc, Ga, and In) solution was added, and after ad-
justing its volume gravimetrically to 15.0 g, the cbtained
solution was used for mineral analysis. The toxic metal and
metalloid concentrations were determined with inductively
coupled plasma mass spectrometry (ICP-MS; collision-typed
7500c, Agilent Technologies, Santa Clara, CA, USA) by the
internal standard method as previously reported [10-12,14]
and are expressed as ng/g hair (ppb). The detection limit was
16, 3.6, 2.2, 3.4 and 47 ppb for mercury, arsenic, cadmium,
lead and aluminium, respectively. The inter-daily variation
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Tablel. Tested Subjects (N = 28,424}

Age (year-old) Female Male
0-3 200 660
4-9 306 1,000

10-15 181 338
16-19 134 105
20-29 2,817 927
30-39 6,421 2,147
40-49 3,763 1,829
50-59 2,648 1,371
60-69 1,476 796
70-79 695 364
80- 171 75
Total 18,812 9,612

of analysis for mercury, arsenic, cadmium, lead and alumin-
ium was calculated 9.4, 6.9, 15.2, 5.8 and 6.9 %, respec-
tively.

This study has been approved by review of the ethical
committee of La Belle Vie Inc. All of the data obtained are
held securely in such a form as to ensure anonymity.

Statistical Analysis

Because scalp hair toxic metal concentrations are
lognormal distributed, geometric rather than arithmetic
means were used as representative of their hair concentra-
tions. The relation between the toxic metal concentrations
and age of the subjects was investigated by Pearson’s corre-

lation coefficient test. The statistically significant difference

was determined using Welch’s t-test.

RESULTS

Five toxic metal concentrations in the scalp hair speci-
mens from 28424 subjects were distributed in nearly
lognormal profile. Fig. 1 for mercury exhibits a marked age-
related accumulation profile with gender-difference (male >
female) in adult subjects. The geometric mean of hair mer-
cury concentrations in male adulits showed a high-significant
age-correlated increase (r = 0.341, p < 0.0001) from the low-
est of around 2,000 ng/g (ppb) up to a peak of 5,700 ng/g at
the 6" decade of life, and then decreased with furiher aging
(r = -0.170, p < 0.0001) (Fig. 1). A similar age-dependent
accumulation profile was also observed in female (r=0.217,
p < 0.0001): the mean mercury concentrations increased
from 1,700 to 3,600 ng/g, although these levels were signifi-
cantly lower than those in male adults (p < 0.001).

A similar, age-correlated accumulation profile with gen-
der difference was observed for arsenic (Fig. 2). In male
adults, the mean arsenic concentrations increased age-
dependently from around 50 ng/g to over 50 ng/g at 70°s (r =
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0.109, p < 0.0001), while in female, the mean levels in-
creased from around 20 ng/g to over 40 ng/g.

In contrast, cadmium, lead and aluminium showed an-
other accumulation profile different from mercury and arse-
nic: the highest mean concentration was observed in the in-
fant group aged 0-3 years for every element (Figs. 3-5). In
addition, for cadmium a significant age-correlated accumula-
tion (r = 0.134, p < 0.0001) was observed in female adults
with a peak at the 7™ decade of life and its mean burden lev-
els in aged women were significantly (p < 0.0001) higher
than those in male subjects (Fig. 3).

The maximum accumulation level of toxic metals in
children was observed in the individuals aged 0-3 years for
every toxic element (Table 2). In particular, the highest level
of 1,972 ng/g for cadmium, which was detected in a 2-year
old boy, was estimated about 280-fold higher than the refer-
ence mean level in adults. For lead and aluminium, almost
68-fold and 20-fold higher level was detected in a different
2-year old boy, respectively, Whereas, for mercury and arse-
nic, the highest Jevel in children corresponded to only about
9- and 8-fold of the adult mean level, respectively.

DISCUSSION

In the present toxic metallomic study, we estimated the
body burden levels of five toxic metals including metalloid,
namely necurotoxic mercury, lead and aluminium, and car-
cinogenic cadmium and arsenic, for 28,424 Japanese sub-
jects from infant to elderly.

On the basis of the accumulation profile in the scalp hair
specimens, toxic metals were grouped into two families. The
first family composing of mercury and arsenic showed a
characteristic profile of a marked age-dependency and gen-
der difference (male > female) in adult subjects (Fig. 1 and
2). The second family including cadmium, lead and alumin-
ium showed another characteristic profile exhibiting the
highest accumulation in infants aged 0-3 years for both sexes
(Figs. 3-5), although only for cadmium a considerable age-
correlated accumulation profile with inverse gender-
difference (female > male) was observed.

On the mechanism of the gender difference for mercury
and arsenic (male > female), it is reported that some sex
hormonal control may be involved in human mercury uptake
and elimination, because a marked sex difference in the tis-
sue uptake and elimination was observed in methyl-mercury
treated animals {15]. in addition, the lower level in femaie
may be due to the low amounts of dietary fish consumption
and high incidence of artificial hair waving among women
[6,14,16].

The mechanism of the inverse gender difference for
cadmiumm (femaie > male), may relate to its ability to form a
high-affinity complex with estrogen receptor and exhibit
potent estrogen-like activities [17). Furthermore, the highest
cadmium accumulation in the aged-female group at the 7'
decade of life (Fig, 3) cxplains the reason why many patients
suffered from ltai-itai disease were senile women [18,19].

This study demonstrated that mercury exhibits the high-
est significant correlation to aging, with the regression coef-
ficient of r = 0.34]1 in male and r = 0.217 in female
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Fig. (1). Mean hair mercury concentrations in Japancsc subjects (N = 28,424),
Each celumn represents the geometric mean of hair mercury concentrations (ng/g hair) for female and male subjects aged 0-3, 4-9, 10-15, 16-
19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79 and 80 years aver.
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Fig. (2). Mean hair arsenic concentralions in Japanese subjects (N = 28,424),
Each column represcnts the geometric mean of hair arsenic concentrations (ngfg hair) for female and male subjects aged 0-3, 4-9, 10-15, 16-
19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79 and 80 years over.
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Fig. (3). Mean hair cadmium concentrations in Japanese subjects (N = 28,424).

Each column represents the geometric mean of hair cadmium concentrations (ng/g hair} for female and male subjects aged 0-3, 4-9, 10-15,
16-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79 and 80 years over.
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Fig. (4). Mcan hair lead concentrations in Japanese subjects (N = 28,424),
Each column represents the geometric mean of hair lead concentrations (ng/g hair) for female and male subjects aged 0-3, 4-8, 10-15, 16-19,
20-29, 30-39, 40-49, 50-59, 60-69, 70-79 and 80 years over.
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Fig. (5). Mean hair aluminium concentrations in Japanese subjects (N = 28,424).
Each column represents the geometric mean of hair aluminium concentrations (ng/g hair) for female and male subjects aged 0-3, 4-9, 10-15,

16-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79 and 80 years over,

Table2. Maximum Accumulation Levels of Toxic Metals in Infants
Mercury Arsenic Cadmium Lead Aluminum

Female
Geomean in Adults 2,685 30.0 89 461 4,044

in [nfants 1,725 476 166 829 10,318
Maximum Level 19,210 5664 1,541.0 12,130 62,770
(Age) (3-y) (1-y) (2-y) (19 (1-y)
Male
Geomean in Adulis 3,894 51.0 7.0 434 3,758

in Infamts 1,685 51.1 16.8 758 10,009
Maximum Level 36,280 394.1 1,972.0 29,480 74,310
(Age) 2-y) (L-y) 2-y) @y @)

ng/g (ppb)

{p < 0.0001). This finding suggests that mercury accumula-
tion plays a considerable role in physiological senescence,
particularly in Japanese, because mercury is well known to
not only inhibit various enzyme reactions and metabolic
processes but also enhance lipid per-oxidation, progression
of atherosclerosis and the risk of myocardial infarction
and/or stroke [20-22]. We also reported that hair mercury
concentration in male Japanese is significantly correlated to
their body mass index [11], which is well accepted to be a

risk factor associated with overall mortality. Probably, this
cotrelation of mercury burden with body mass index may
explain the reason why the peak of mercury accumulation
appears at the 6™ decade of life (Fig. 1), corresponding to
that little senile persons with obesity are alive.

Table 2 demonstrates the probability of toxic metal pollu-
tion in infants: all of the highest accumulation levels de-
tected in children were observed in infant individuals aged 0-
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3 years. In particular, the maximum burden level for cad-
mium (1,972 ng/g) in a 2-year old boy corresponded to about
280-fold higher than the adult reference level. For lead and
aluminium, the highest level of 29,480 ng/g and 74,310 ng/g
corresponded to almost 68-fold and 20-fold of each reference
level, respectively. Even for mercury and arsenic, a high
level of 36,280 ng/g and 394 ng/g detected in the infant aged
1- and 2-year old, respectively, corresponded to about 9-fold
and 8-fold of the adult reference level, We have to consider
that the mercury burden level of 36,280 ng/g is highly over
the threshold of 14,000 ng/g (14 ppm} that is the upper limit
recommended by FAO/WHO Meeting (JECFA2003).

The high accumulation of toxic metals in infants may be
explained by their higher intestinal absorption and Jess effec-
tive renal excretion in newborns [23]. Freundlich et al. [24]
reporied that in two infants with severe kidney failure, the
absorption and retention of aluminium from a cow’s milk-
based formula resulted in clinjcal toxicity. Thus, newborns
and infants are likely at increased risk of absorbing high
amount of toxic metals and retaining them in their bodies.

Another origin of these toxic metal accumulations in in-
fants is presumed to be due to the cigarette smoking by their
parenis, in particular by the mothers [25-27]. Maternal ciga-
rette smoking is reported to be associated with higher cad-
mium and lead and lower zinc concentrations in their neo-
nates [28]. During pregnancy and lactation, these toxic met-
als accumulated in maternal bone tissues seem to be co-
ransferred with calcium to foetal and newborn bodies
through increased bone-resorption [29,30).

In the present study on 5 toxic metal burdens, the three
elements of mercury, arsenic and cadmium were found to
show ape-dependent accumulation profile, suggesting that
these toxic elements may play a role in aging process and
that higher intake of them may accelerate aging. Therefore,
the dictary intake of some essential minerals competitive
against toxic metals, such as zinc, calcium, magnesium and
selenium, may be useful for detoxification and controlling
aging [31]. Further understanding of molecular and celiular
mechanisms of aging could not only improve medical care of
the elderly but also hold out some hope in finding feasible
solutions to slow down the aging process.

CONCLUSION

This study demonstrates that toxic metals are classified
into two familics on the basis of their accumulation profiles
in scalp hair specimen. The first family consisting of mer-
cury and arsenic exhibits a characteristic accumulation pro-
file with a marked age-dependency and gender-difference
(male > female) in adults. The second family consisting of
cadmium, lead and aluminium exhibits a common accumula-
tion profile with the highest burden level in infants, although
cadmium has also another character accumulating in aged
females, with gender difference (female > male) and age-
dependency. These findings suggest that mercury, arscnic
and cadmium may be associated with aging, and that higher
‘burden with these toxic metals may lead to acceleration of
aging in human.

Yasuda et al,

ACKNOWLEDGEMENTS

The authors thank the examined subjects for their coop-
gration ta this study. This study has proceeded for public
human health and been supported by La Belle Vie Inc.

REFERENCES

1) Harada M. Minamata discase: methylmercury poisoning in Japan
coused by cnvironmental pollution. Crit Rev Toxicol 1995; 25: 1-
24,

121 Chlopicka J, Zachwicja Z, Zagrodzki P. Frydrych J, Slota P and
Krosnink M. Lead and cadmium in the hair and blood of children
from a highly industrial arca in Poland. Biol Trace Elem Res 199§;
62:229-34. '

[3] Sanna E, Liguori A, Palmas L, Sore MR and Floris G, Bloed and
hair Icad levels in boys and girls living in two Sardinian towns at
different risks of lead pollution. Ecotoxicol Enviren Saf 2003; 55:
2939,

[4] Samanta G, Sharma R, Roychowdhury T and Chakraborti D. Arse-
nic and other elements in hair, nails, and skin-scales of arsenic vie-
tims in West Bengal, India. Sci Total Environ 2004; 326: 33.47,

[5] Suzuki T, Hongo T, Yoshinaga J, Imai H, Nakazawa M, Matsuo N,
et al, The hair-organ relationship in mercury concentration in con-
temporary Japanese. Arch Environ Health 1993; 48: 221-9.

[6] Yasutake A, Malsumoto M, Yamaguchi M and Hachiya N. Current
hair mercury levels in Japanese: survey in five districts. Tohoku J
Exp Med 2003; 199: 16(-9.

[7] Goulle JP, Mahieu L, Castermant J, Neveu N, Bonneau L, Laine G,
et al. Metal and metalloid multi-clementary ICP-MS validation in
whole blood, plasms, urine and hais: Reference values. For Sci In-
tern 2005; 153: 30-44,

[#] Munakata M, Onuma A, Haginoya K, Kobayashi Y, Yokoyama H,
Fujiwara 1, ef al. Reduced cxposure to mercury in patients receiv-
ing enteral nutrition. Tohoku J Exp Med 2006; 210: 209-12.

%1 Wang CT, Chang WT, Zeng WF and Lin CH. Concentrations of
calcium, copper, iron, magnesium, potassium, sedium and zinc in
adult female hair with different body mass indexes in Taiwan, Clin
Chem Lab Med 2005; 43: 389-93.

[10]  Yasuda H, Yonashiro T, Yoshida K, Ishii T and Tswisui T. Mineral
imbalance in children with autistic disordess. Biomed Res Trace
Elem 2005; [6: 285-9],

[11]  Yasuda H, Yonashiro T, Yoshida K, Ishii T and Tsutsui T, Rela-
tionship between body mass index and minerals in male Japanese
adulis. Biomed Res Trace Elem 2006; 17: 316-21.

[12] Yasuda H, Yoshida K, Scgewa M, Tokuda R, Tsutsui T, Yasuda Y,
¢t al. Metallomics study using hair mineral analysis and multiple
logistic regression analysis: relationship between cancer and min-
crals. Environ Health Prev Med 2009; [4: 261-6. )

[13] Cranton EM, Bland JS, Chatt A, Krakevitz R and Wright JV, Stan-
dardization and interpretation of human hair for elemental concen-
trations. ) Holistic Med 1982; 4: 10-20.

[14] Yasuda H, Yonoshiro T, Yoshida K, Ishii T and Tsutsni T. High
toxic metal levels in scalp hair of infanis and children, Biomed Res
Trace Elem 2005; 16: 39-45.

[15] Hirayama K, Yasutake A and Incuc M, Effect of sex hormances on
the fute of methyl-mercury and glutathione metabolism in mice.
Biochem Pharmacol 1987; 36: 1919-24,

[16] Yamamoto R and Suzuki T. Effects of anificial hair waving on hair
mercury valucs. Int Arch Occup Environ Health 1978; 42; 1-9.

[17] Johnson MD, Kenney N, Stoica A, Hilakivi-Clarke L, Singh B,
Chepko G, ef af. Cadmium mimics the ir vivo effects of estrogen in
the uterus and mammary gland. Nat Med 2003; 9: 108]-4.

[18] Nogawa K, lshizaki A, Fukushima M, Shibata I and Hagino N.
Studies on the women with acquired Fanconi syndrome abserved in
the Ichi River basin —~ Is this ltai-itai disease? Environ Res 1975;
10: 280-307.

[19] Fukushima M, Ishizaki A, Sakamoto M, Nogawa K and Kobayashi
E. Epidemiological studies on renal failure of inhabitants in “Itai-
itai” discase endemic district (Part 2) Obscrvations on vrinary ab-
normalities and cadmium excretion of the inhabitants selected for
the close examination of “Itai-itai” disesse. Jap J Public Health
1975; 22; 217-24 (in Japanese).

[20] Salonen JT, Scppanen K, Lakka TA, Salonen R and Kaplan GA.
Mercury accumulation and accelerated progression of carotid athe-



Two Age-Refated Accimulation Profifes of Toxic Metals

[21]

[22]

f23]

[24]

[25]

rosclerosis: ¢ population-based prospective 4-year follow-up study
in men in eastern Finland. Atherosclerosis 2000; 148: 265-73.
Guallar E, Sanz-Gallardo MI, van’t Veer P, Bode P, Aro A, Go-
mez-Aracena J, ef al. Mercury, fish oils, and the risk of myocardial
infarction. N Engl J Med 2002; 347: 1747-54,

Virtanen JK, Voutilainen 8, Rissaren TH, Mursu J, Tuomainen TP,
Korhonen MJ, et al. Mercury, fish oils, and risk of acute coronary
events and cardiovascular disease, coronary heart disease, and all-
cause mortality in men in eastern Finland. Arterioscler Thromb
Vasc Biol 2005; 25; 228-33.

Ziegler EE, Edwards BB, Jensen RL, Mahaffey KR and Fomon SJ.
Absorption and retention of lead by infants. Pediatr Res 1978; 12:
29-34.

Freundlich M, Zilleruelo G, Abitbol C, $travss J, Favgere MC and
Mallunche HH. Infant formula as a cause of aluminium toxicity in
neanatal uracmia, Lancet 1985; ]I (8454): 527-9.

Exley C, Begum A, Woolley MP and Bloor RN. Aluminum in
tobacco and cannabis and smoking-related disease. Am J Med
2006; 119: 276 ¢9-el1,

[26]

27

[28]

[29]

[30]

(311

Currenl Aging Science, 2012, Vol. 5, Ne. 2 111

Hellstrome HO, Mjoberg B, Mallmin H and Michaelsson K. The
aluminium content of bone increases with age, but is not higher in
hip fracture cases with and without dementia compared to controls.
Osteopor Int 2005; [6: 1982-8,

Mutti A, Comradi M, Goldoni M, Vettori MV, Bernard A and Apos-
tori P. Exhaled metallic elements and serem pneumo-proteins in
asymptomatic smokers and patients with COPD or asthma. Chest
2006; 129: 1288-97.

Symanski E and Hertz-Piceiotio 1. Blood lead levels in relation 1o
menopause, smoking, and pregnancy history. Am J Epidemiol
1995; 141: 1047-58.

Gulson BL, Jameson CW, Mahaffey KR, Mizon KJ, Korsch MJ
and Vimpani G. Pregnancy increases mobilizatien of lead from ma-
ternal skeleton. ] Lab Clin Med 1997; 130: 51-62.

Razagui 18 and Ghribi 1. Maternal and neonatal scalp hair concen-
trations of #ing, cadmium, and lead: relationship to some lifestyle
factors. Biol Trace Elem Res 2005; 106: [-28.

Yasuda H, Yoshida K, Fukuchi K, Tokuda R, Tsutsui T and Yonei
Y. Association of aging with minerals in male Japanese adults.
Anti-aging Med 2007; 4: 38-42,

Received: July 8, 2010

Reviscd: Scptember 14, 2010

Accepted: January 9, 2011






