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Heavy Metal Toxins

Heavy : :

Metal/Toxin Obtained From | Toxic Effects

Lead Auto exhaust High blood

pressure

Mercury Seafood and Immune system
“silver” fillings depression

Cadmium Cigarette smoke |Cancer
(second-hand)

Aluminum Al foil and anti- |Alzheimer’s and

perspirants

memory loss




Function of Minerals

= Structural support
Acid-base balance @ Water balance
Nerve condution Muscle contraction
Enzyme function

= Biochemical process : minerals are the basic spark-
plugs in the chemistry - by Henry Schroeder

* Involvement in the prevention of cancer, immune

regulation, chronic degenerative diseases, aging and
even emotions.

= Mineral metabolism requires vitamins
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Harrison's principles of Internal Medicine, 2005

Clinical Nutrition : A Functional Approach,1999
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Nutrition

= Health of the human body as a whole

begins at the cellular level.

= Whether nutrients are reaching the cellular
level, and what the consequence are of too

much or too little, is the major concern

today.
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e Serum total Mg

e Muscle biopsy

* Plasma ionized Mg

 Total erythrocyte Mg contents
 Mononuclear bood cell Mg contents
e Urine Mg

- 713 AT A

* Mg tolerance test

e Hair Mineral analysis

AT AN A3

Handbook of Minerals as Nutritional
Supplements. Robert A. Disilvestro, 2005



EFFECTS OF ORAL MAGNESIUM SUPPLEMENTATION ON
INSULIN SENSITIVITY AND BLOOD PRESSURE IN NORMO-
MAGNESEMIC NONDIABETIC OVERWEGHT KOREAN ADULTS

B Vagnesium [ | Placebo

S. LEE, H.K.PARK ET AL.

B Magnesium [ Placebo
<80 80-90 290
! |

|

Category of baseline diastolic BP (mmHg)

Figure 2 Mean changes of diastolic blood pressure (BP) from

baseline to 12 weeks in magnesium and placebo groups
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Figure 1  Mean changes of systolic blood pressure (BP) from

baseline to 12 weeks in magnesium and placebo groups
according to category of systolic BP at the start of the study.

time.

2P < 0.05 by two-way repeated-measures ANOVA over time.

according to category of diastolic BP at the start of the
study. *°P < 0.05 by two-way repeated-measures ANOVA over

Nutrition, Metabolism & Cardiovascular Diseases (2009) xx, 1—8



Evaluation of mercury exposure level,
clinical diagnosis and treatment for
mercury intoxication

« The global mercury issue is drawing more attention in Korea, given that the level of
human exposure to mercury in the country has been rated high. According to the 2009
and 2010 Korea National Health and Nutrition Examination Survey (KNHANES), the
geometric means of the blood mercury concentration levels in Korean adults were 4.28
ug/L and 3.64 ug/L in 2009 and 2010, respectively. Furthermore, the 2009 and 2010
Korean National Environmental Health Survey reported the geometric means of the
blood mercury concentration levels to be 3.93 ug/L and 2.88 ug/L, respectively. Despite
varying levels reported among the surveys, blood mercury concentration levels in
Korea are reported to range from 2.88 ug/L to 4.28 ug/L. That is about four
to six times higher than that of the U.S. (0.86 ug/L), Germany(0.58 pg/L) or Canada
(0.76 ug/L).

Furthermore, considering that about 26.2 % of the population in Korea is estimated to
exceed the limit of the blood mercury exposure level set by the U.S. Environmental
Protection Agency (EPA), Korea shows a much higher exposure level to mercury than do
advanced countries.

* The WHO recommends the monitoring of methylmercury concentration in pregnant
women'’s hair and argues that the level of 10 ppm or above can increase the risk of fetal
neurological defects

Ye et al. Annals of Occupational and Environmental Medicine (2016) 28:5



Mercury in human hair as an indicator
of the fish consumption

The amount of mercury in hair increases with more frequent consumption of
freshwater and marine fish.

Consumption of
marine fsh:‘

0.6

0 — none
1 — rarely
2 — once a month 0.5 f-- - mer e B
3 — several times a month

T e EEEEEEEEEES

Figure 3. Content of mercury in hair in
relation to the consumption of marine
fish

Consumption of marine fish: oz b

03 o b g

Hg (pa/g dry weight)

0 -none; 1 -rarely; 2 - once a month;
3 - several times a month -
a, b different alphabetic letters differ 0.1 - I ___________

significantly (p<0.05) 1
Median=Middle line of the box; Lower J_

(upper) Quartile=Bottom (Top) line of
the box; Lower (Upper) Whisker=Lower 0 1 2 3
(Upper) adjacent value

Neuroendocrinol Lett 2008; 29(5):675-679



4N 4 e S HIEIEI D X =2 Sk Al0]2]
ey [PHTHAEAL 57]1(2010-201114)

Korean J Fam Pract. 2015;5(2):105-770
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o 22 MHLl & Al, MIZ2S F/45t= THEEO|LE 2 49| SH grouplt Z&6H0] MZTe
EHE FotAHY 3 7|SS XMollAl7]| 2 (Stacey et al., 1990), 2ttt HLBES (peroxidative
chain reaction) 2| Z&st X2 M X|Zdt4Ee} (lipid peroxidation) & ZXA7{ MZSEE
Ul Z4e2 Bk QT (Halliwell et al., 1985). =8t M|ZLHO|A{ glutathione
peroxidase, superoxide dismutase, catalase2| /42 X5l A|7 free oxygen radical 0| CHgt
2Hels 3 (antioxidative defence)& HAA 7| L, 7|EF 240 B S HEAFHA M=E SHS
LIEtL = Ao 2 LK AL} (Dieter et al., 1983;Goyer, 1991).

cEUE 2o S EEE= MM HA 3.19 ug/L (EEE-8.64 ug/L)0|H, LM 2 H 22 (normal
distribution)= LtEFSECE HETHA| 0]512] L 4 X}= 358 (15.2%)0| R 20, WHO (1990)0{| A H|
At Qe YHiol =2 & +=F (5 pg/L)E 15t AR X F 2308 T 168 (7.0%)
O 2 LIEIGCEH 8 S 2510 €5 2 s£ & H7I5I S 20, H/80| Wa 3.45 pg/L
(ND~7.84ug/L)2A 04d (3.10 pg/L (ND~8.64))0| H|3l| EFE +2 sE7I =2 TELE ALY
AoLt SAHLE {Folgt +=F2 OfL| flCt.

——

o MSE TR FoAM= A U NUS F 43| O| N MF S MMM F 12| MFSt= ECHoj
Hiof €5 22| s =7 ROIX| = A2 2 ZALE| AL} (p0.05).

« SF SEUME Ho =2 HX| &= CHAXL0)| H|sH 2| 0f Y OfA| = CHAXINIM EE =2
SE7F 2 150 =2 Ho 2 ZALE|QUCH (p0.05). O 2| SEAHXMLE Fo|st =2 OfL| A X| 2t
HZEZ X BMI), +2 17| UF | 51l HF +2A10|2] o] AHEHd 0| LIE}SHCE.

J. ENVIRON. TOXICOL. Vol. 21, No. 3, 229~238 (2006)
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Lead, Cadmium, Copper and Zinc Concentrations in Blood
and Hair of Mothers of Children with Locomotor System
Malformations

Table 1. The content of lead. cadmium. copper and zinc in blood and hair of the examined groups of mothers and reference range for
the general population.

: : Mothers of children Wh loc_omotor Mothers of healthy children (n=46)
Biological system malformations (n=51)
Metal material L 8D L 8D Reference range
o x Median x Median
min. — max. min. — max.
whole blood 132.71+77.64 62.97+£35.15
. ———— .63 e ———— A5 .0-350.
ng/L 12.55 — 300.80 109.63 6.75 — 151.63 664 0.0-350.0 [12]
hair 1.93£2.17 0.77+0.71
ng/g 0.00 — 10.69 L3l 0.00 — 2.35 0.58 4.06+4.87 [13]
whole blood 2.04=1.78 2.81+2.46
. i : 52-2.
o ng/L 0.33-8.23 L33 0.00 —12.10 2:39 0 63 [14]
hair 0.84=1.56 0.71+1.21
0.47 0.22 0.41+£0.38 [13
ng/g 0.04 — 10.01 0.03 — 4.06 [13]
serum 1.11+0.32 1.18+0.23
. . 75-1.5 5
Cu mg/L 0.65-2.47 1.0 0.76 —1.77 116 0.75-1.50 [15]
hair 11.69+£5.00 12.28+4.24
.63 2 5.0-55.
ng/g 1.20 — 26.92 10.63 5.14-21.32 11.26 0-53.0 [16]
serum 0.73+0.20 0.66+0.21
-1 2
mg/L 036 -1.18 0.74 0.20-1.19 0.64 0.70-1.20 [15]
Zn hair 217.87+£54.21 224.21+68.40
212.23 210. 5-3
ng/g 85.48 — 437.92 12.23 82.24 — 443 81 10.80 105-309 [16]

¥ - mean: SD — standard deviation: n — numbers of mothers

Polish Journal of Environmental Studies Vol. 12, No. 3 (2003), 375-379
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Dietary Cadmium Intake and Sources in the US

« Cadmium (Cd) is a toxic heavy metal that can contribute to numerous diseases as well
as increased mortality.

e This study provides important information on the dietary Cd exposure of Americans,
and identifies the groups with the greatest dietary Cd exposure as well as the major
sources of dietary Cd among sociodemographic subgroups.

Lettuce |II—— 0.7 Lettuce I .44
Spaghetti [N 037 Spaghetti [ 0.4
Bread IS 036 Potato Chips IS 0,31
Potatoes IS 0. 32 Bread (I O30
Potato Chips I .23 Spinach I 027
Spinach I (0.21 Potatoes [N .15
Sunflower Seeds N 0.17 White Sunflower Seeds [N O.17 Black
(a) (b)
Tortillas I 0. 59 Rice I 061
Lettuce I 054 Spinach | IE—— .52
Spaghetti NN 0.33 Lettuce [ 0.51
Bread I 0.23 Bread IS 031
Sunflower Seeds N O0.19 Spaghetti I 0.29
Potatoes I 0.18 Hispanic Potatoes I O.24 Others
Salsa N O.17 MNoodles [N 0.20
(<) ()

Figure 2. Cd contribution (pg/day/ person) of top sources of dietary Cd intake among racial /ethnic
groups in the US population aged =2 yvears in NHANES 2007—-2012: (a) White; (b) Black; (<) Hispanic;
(d) others including Asians.

Nutrients 2019, 11, 2



Dietary Strategies for the Treatment of Cadmium and
Lead Toxicity

Cadmium and lead toxicity
A selection of

Oral or respiratory recommended food

cxXposurc
Dietary supplements . Tomatoes
y - RN (rich in iron, caleium,
+ Essential metals I \ selenium, zine, vitamins B and
| | C, quercetin and naringenin)
. I Tissue accumulation | :
* Vitamins : | - Berries
a I | (rich in essential elements,
- Edible plaﬂ.ts and : 4 % I Ie vitamin C, anthocyanin and
. | catechin)
hytochemicals AP -
phy 1 Oxidative Metabolic disorder | - Onions
- Probiotics | siress of essential metals ’I (rich in selenium, quercetin
N . e e e e e e . e - - and vitamins B and C)
D' - Garlics
(rich in sulphur-containing
. compounds, essential elements
Tissue dan]age and vitamins C and E})
- Grapes

(mch m vitamms, essential
elements and anthocyanin)

Figure 1. Dietary supplements and recommended strategy against cadmium and lead toxicity.

Nutrients 2015, 7, 552-571; doi:10.3390/nu7010552



Coronary Calcification Is Reversely Related with
Bone and Hair Calcium: The Relationship among
Different Calcium Pools in Body

e Coronary artery calcium score (CACS)

* CACS inversely correlated with BMD (r=-0.280,
P=0.049 with lumbar vertebrae 1-4, r=-0.310,
P=0.028 with femur neck, r=-0.333, P=0.018
with femur total) and hair calcium concentration
(r=-0.352, P=0.012).

 CACS has negative correlation with BMD and hair
calcium level in women. Different body calcium
pools such as bone, hair and blood vessel
significantly correlated each other.

J Bone Metab 2016;23:191-197



Hair Zinc Level Analysis and Correlative Micronutrients in
Children Presenting with Malnutrition and Poor Growth

e Zinc deficiency can induce serious clinical problems in the gastrointestinal (Gl)
system and immune system and can affect growth and development. It is more

severe in younger patients. Chronic zinc deficiency is reflected more precisely
in hair than in serum.

* Hair zinc deficiency was diagnosed in 88%, and serum zinc deficiency was
diagnosed in 55% of the children. There was no statistical correlation
between serum and tissue zinc level. Hair zinc levels were highly correlated
with serum vitamin D (r=—0.479, p=0.001), which also showed correlation
with hair levels of magnesium and calcium. (r=0.564, 0.339, p=0.001, 0.011).
Hair calcium level was correlated with serum pre-albumin (r=0.423, p=0.001).
These correlations may explain the phenomenon that the major clinical
manifestation of zinc deficiency is poor body growth. Clinical symptoms
were resolved in most children after zinc supplementation.

* Hair zinc and mineral analyses are useful as a therapeutic guide in the clinical
investigation of children with malnutrition and poor growth.

Pediatr Gastroenterol Hepatol Nutr 2016 December 19(4):259-268
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o 22 & 0|Y|F dAH(Hair Tissue Mineral
Analysis)2| H&Hdoj cligh ofjd] A+
o« A2 = (Se)l}t 2(S)0| 242} CH= ot 1} 2HX;0f| A

0.079+0.022, 0.058+0.027 (Mg%, P=0.032)/4,733.3+ 542.189,
4,267.7+518.682 (mg%, P=0.016)2 2 X0 M F2|5}7

CIZETHES BXOIM AEY A EON 28 MLt L
2SS BT, I o] Bl (Se), B(S)0l ML B¥E

Korean J Fam Pract. 2018:8(4):488-492
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: . 5.4+7.8 mg%; P<0.001) O| = 02| =&tH~0f CHslf =gt
MO A = ZQIE|ACH (model 3, OR 0.934; 95% Cl 0.885 to 0.986; P=0.013).
R ol 5&2| Z2, crude modeldl A= d4atof H|sl HYIAZE XLzt
IO LH21.1£12.1 vs. 17.127.6 mg%; P<0.001),

2N FelotAd X%
Z2HS0 Ofoll 28t EMoM= w2t 2atE YX| XopAL.

Korean J Fam Pract. 2018:8(3):423-428



Association between hair mineral and age, BMI a
nd nutrient intakes among Korean female adults

This study was performed to investigate the association between hair mineral levels and nutrient
intakes, age, and BMI in female adults who visited a woman's clinic located in Seoul. Dietary
intakes were assessed by food frequency questionnaire and mineral levels were measured in
collected hairs, and the relationship between these was examined. The average daily nutrient
intakes of subjects were compared to those of the KDRIs, and the energy intake status was fair.
The average intake of calcium in women of 50 years and over was 91.35% of KDRIs and the
potassium intake was greatly below the recommended levels in all age groups. In the average hair
mineral contents in subjects, calcium and copper exceeded far more than the reference range while
selenium was very low with 85.19% of subjects being lower than the reference value. In addition,
the concentrations of sodium, potassium, iron, and manganese in the hair were below the
reference ranges in over 15% of subjects. The concentrations of sodium, chromium, sulfur, and
cadmium in the hair showed positive correlations (P < 0.05) with age, but the hair zinc level
showed a negative correlation (P < 0.05) with age. The concentrations of sodium, potassium,
chromium, and cadmium in the hair showed positive correlations (P < 0.05) with BMI. Some
mineral levels in subjects of this study showed significant correlations with nutrient intakes, but it
seems that the hair mineral content is not directly influenced by each mineral intake. As described
above, some hair mineral levels in female adults deviated from the normal range, and it is
considered that nutritional intervention to control the imbalance of mineral nutrition is required.
Also, as some correlations were shown between hair mineral levels and age, BMI, and nutrient
intakes, the possibility of utilizing hair mineral analysis for specific purposes in the future is
suggested.

Nutrition Research and Practice (2009), 3(3), 212-219



Hair Tissue Mineral Analysis (HTMA)

= Hair: easily obtained biopsy
material of the body.
blood lymph intracellular fluiddi|
'E MineralO| ZX &[0
internal metabolic environment
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Overview — Metabolism (Cellular)

I_ Cell Communications _I

Extra Cellular Fluid

Na* 140 mM
Cl- 100 mM
K* 4 mM

Ca** 2.5 mM

Mg** 1T mM

—rr—mO

mZ>xoxwomm<l

Intra Cellular Fluid

Na* 10 mM
Cl- 4 mM
K*140 mM

Ca** 0.1 uM

Mg** 3 mM




Vitamin/mineral Relationship

Stimulating Nutrients Sedating Nutrients
Vitamins

Vitamin A Vitamin B,
Vitamin B, Vitamin B,,
Vitamin B, Vitamin D
Vitamin B;

Vitamin By

Vitamin E

Minerals

P. Na, K, Fe, Mn, Se Ca, Mg, Zn, Cu, Cr
Water

Soft Water Hard Water
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Mitochondrial Structure DIE2CC|I0IHZ Xedt S D& St

(HIERIC, Bj, By, Fe) x L-3t2LIE

J

Krebs cycle

(HIEL2! B, B,, B,, B;, a—lipoic acid )

Fe, Mg, S, P

J
Electron Transport Chain, ETC
(B,, Bs, C, K, Mg, Zn, Fe, Z& 4 Q-10)
! 0, 0|2
NOHUEX o Z8(P bond)E %8t ATPII &4
(Mg-ATP)




Simplified nonstoichiometric scheme of oxidative
and antioxidative systems in cells

Flavin-containing / — %
enzymes gf;alase ——
02 > 02 ) H202 =
Superoxide Hydrogen Fe’ / ——
Peroxide (*

|
_7)0 3 H,0)

N

ipid-peroxidation \=

Damage to DNA or protein
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TMA (Tissue Mineral Analysis) Sl4] %

i
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500 64M 0of & #HAl(2019)
Hosp. No 1209

e Cu(S) 149.3 ug/dL (N : 70.0 - 130.0)
e Zn(S) 140.7 ug/dL (N : 66.0 — 110.0)

e Hg(WB) 2.6 ug/dL



500 64M ¢ BHSS=5 A OIUHE 13F dAl

Hosp. No 1209

I%‘% & ==
= b = Ol =
As
- 12.0 35.0
b
=+ 3.3 100
H9 pessssssssss e ey EEXTIEN 55 |
= 9.0 50.0
Cd e e
IFlEs o -
Al s I e EEOTE s |
cr=0|l= -2 —
S = .55
SI s Y e EETTE
0. 40 100
AT = s o) TR
LalR=Ta] 5_00
N s e EECTYEN 040 |
L= 2.0 100
Joidz ==
Mn 2= = sk rCH i -
arzr I
0.60 2.40
gé’ I T e CEXCEIEE] 120 |
868 140
52 ey =3 (wo/cu) HEEREN
66 110
et =3 (uo/L) IRETACH
= ——_ el 137.0
M2
"FER e
.4 o535




50O

64|

NUTRITIONAL ELEMENTS |

01 HMT akl' Hosp. No 1209

TOXIC ELEMENTS

= ] |
| | | ! ‘
172 20 68 46 29 27 |-250 014 |-p33 180 05 013 7128 l
i ‘ | | |
| | : | S
136 16 s |} 25 22 186 011 026 138 0048 o011 8231 |
| | |
| | | | i |
: e b BSey
— T =k 38 "24 20 - .130 ~0.08 - 018 o081 - .003 4 =5 |
| |
|
60 7 20 13 -1 - 070 0, o. 047 002 | | |
| L .011 L. 067 | 030 |. .0015 | _027 —.021 |_045 — T
| | | | |
! | |
—22) =2 —~4 -2 -3 — 0. ~ 0. ’DDE }.001 | r | 007 | 050 | 020 |_.0010 |_0.18 —.014 | _0.30 STt
| | | ; |
’ | ! | -
| | } | 004 | 033 |- 010 |-.co0s [_o _007 |_o015 |_
| 1 i BN | L pen o . m| N
|Ca | Mg | Na | K Zn ] | Mn | Cr | Se 3 |Co|Mo| S Sb| U |As [Be | Hg| Cd | Pb | Al
L mE ohus u=EE | uE ofet Uzt | SR | ddE S | Dnes soisd & etEl= |=eks | vls |mas| s |stes| o |usas
52 | 26 11 18 | 62 014 005| 0.12 NA | 001 | .01 | 5408 n/A | ooos| oos| oo1| oos| co3| 01 | 15
. i | '
CA ' TOXIC RATIOS |
a.s0 a.a0 s.20 -18.00 s.00 2.30
[EW)
@
E
3.60 3.40 .20 12.00 6.00 1.60 &
2
2. 1 2.4011 4.20/1 8.00/1 4. 1 .90/1
T 1. ~ 1.40 — - 4.00 .20 g
—
P Nal/M Ca/K Zn 1 |[Na/Mg|C: lg | Fe/C Ca/Pb | Fe/lPb | Fe/Hg | Se/Hg | Zn/Cd | Zn/Hg | S/Hg S/Cd S/Pb
29 o6 29 23 a2 20 o 520 7 88 15 |206667| 775 | 67600 (1802667 | 54080




RECOMMENDATION

RECOMMENDATION AM NOON PM

TEIl- TP Pack
TEl- TA Complex
TEl- Mg Plus
TEl- Cr Plus
TEIl- TPD Plus
TEIl - Fe Plus

TEl - Mn Plus
TEl-Zn Plus
Vita C - TCL Plus
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