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The purpose of the study was to elucidate the role of bioelements in human depression. We studied hair 
sodium and potassium in 311 adult subjects (188 women and 123 men) in the randomized, prospective, 
observational study; 192 were controls (83 men and 109 women), and 119 have major unipolar depression 
(40 men and 79 women). Depression was diagnosed by the DSM-IV criteria, and hair sodium and potas-
sium were analyzed by the inductively coupled plasma atomic emission spectroscopy (ICP AES). In the 
subgroup of 19 controls and 24 depressed subjects who attempted suicide (the gravest form of major de-
pression), antidiuretic hormone (ADH) was assessed by using the standard laboratory ADH diagnostic kit. 
Significant gender differences were observed, since men have more hair Na and K than women (Na p 
< .01; K p < .02; Chi square test). The depressed subjects also have increased levels of hair Na and K, 
what indicate the negative balance of these electrolytes, since hair growth is unidirectional (p < .01 for 
both K and Na, Chi square test); ADH values were decreased in the suicidal subgroup (p < .01, Chi square 
test). These results on negative Na and K balance, and decreased ADH in depression, are pattern-identical 
to those observed in astronauts after the short term Apollo space missions. The question emerges if the 
observed Earthly metabolic changes of body muscles in depressed subjects are the direct consequence of 
the muscle inactivity, or the fatigue of depression is mediated by the failure of some hypothetical, gravity 
dependent muscle mobility brain control “dynamostat” that operates in conjunction with the fluid regula-
tion center that manifest its presence when being weightless in the Space. 
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Introduction 

Today, depression, and unipolar major depression in particu- 
lar, is the most prevalent mental health impairment of the man- 
kind (Kaplan & Sadock, 1995; Wong, 2005); the condition 
being twice as high in women as compared to men (Kessler et 
al., 1993). In medical terms depression is the core affective 
component of the mood disorders (The Merck Manual of Di- 
agnosis and Therapy, 1999). Indeed, unipolar depression is 
considered to be the condition of common and complex disor- 
der of gene-environment interactions for which the specific and 
environmental substrates are still unknown (Licino & Wong, 
2005). 

The semi-quantitative exploratory data analysis on a smaller 
population sample revealed that the multielement profile of hair 
is changed in depressed as compared to the control subjects 
(Momčilović et al., 2008, Momčilović et al., 2010). These pre- 
liminary studies showed, and to our surprise, that the greatest 

change involved the negative balance of the major electrolytes 
Na and K in the depressed subjects. The aim of this study was 
to further scrutinize the reality of the observed phenomenon of 
depression related negative hair Na and K balance, and to ex- 
plore the separate role of gender and depression on Na and K 
metabolism. A subgroup of gravely depressed subjects who 
attempted suicide (Wulsin, 1996) was also included to assess 
the possible changes in the depression related antidiuretic hor-
mone (ADH) secretion. 

Subjects and Methods 

Participants. This study was approved by the IRES Local 
Ethical Committee and it was conducted by strict adherence to 
the Declaration of Helsinki on Human Subject Research (Brown, 
2009), and to the complementary Croatian national bylaws and 
regulations; every subject gave his written consent to partici- 
pate in the study (Momčilović, 2011). No human research study 
in Croatia can be approved and funded without the clearance 
from the responsible Ethic Committee. *Corresponding author. 
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We studied hair sodium and potassium in 311 adult subjects 
(188 women and 123 men) in the randomized, prospective, 
observational study; 192 were controls (83 men and 109 wo- 
men), and 119 have major unipolar depression (40 men and 79 
women). Depression was diagnosed in the outpatient psychiat- 
ric office by the licensed psychiatrists who followed the DSM- 
IV criteria (APA 2000). Most of the control and depressed sub-
jects have lived in Zagreb, the capital of Croatia; the control 
subjects were those who were concerned about their health and 
well-being. 

Methods and Procedures. The scalp hair was collected over 
the easily palpable bony prominence at the back of the head (lat. 
protuberantia occipitalis externa); whole blood was collected 
by a venous puncture. Hair sodium (H·Na) and potassium 
(H·K), and whole blood sodium (WB·Na) and potassium (WB·K) 
were analyzed by the inductively coupled plasma atomic emis- 
sion spectroscopy (ICP AES) at the Center for Biotic Medicine, 
Moscow, Russia; an ISO certified high-tech laboratory, as al- 
ready reported in a great detail (Momčilović et al., 2006). All 
the results are expressed in µg·g–1. 

The CBM detection limits for hair Na and K were 7.5 µg·g–1 
and.45 µg·g–1, respectively. The normal CBM ranges for hair 
Na were 80 - 850 µg·g–1 (men) and 50 - 250 (women), and for 
hair K they were 50 - 250 µg·g–1 (men) and 25 - 110 µg·g–1 
(women). The coefficient of variation for Na and K was 44% 
and 2.5%, respectively (Momčilović et al., 2009). The Na 
pleiad is characterized by 25 isotopes (1 O, 2 F, 5 Ne, 8 Na, 4 
Mg, 4 Al, 1 Si), and that of K by 40 isotopes (2 S, 4 Cl, 6 Ar, 9 
K, 8 Ca, 8 Sc, 3 Ti) (Momčilović et al., 2008). 

In the subgroup of 19 controls and 24 depressed subjects 
who were admitted to hospital after the attempted suicide, an- 
tidiuretic hormone (ADH) was assessed in plasma with the ra- 
dioimmunoassay (RIA) (Glick & Kagan, 1979). Standard labo- 
ratory ADH diagnostic kit was used (Vasopressin Direct RIA, 
Buhlmann Laboratories AG, Schonenbuch, Switzerland); the 
manufacturer claimed normal vasopressin values (Mean ± SD) 
to be ≤ 6.7 pg·mL–1. 

The results were expressed as either the median or the arith- 
metic mean with standard deviation. The different occurrence 
of Na and K in men and women and/or control and depressed 
subjects above and below the median were assessed with the 
Chi square test and MANOVA (Glantz, 2005). When there 
were gender difference between men and women, the frequency 
distribution of the median derivatives for H·Na and H·K con-
centrations were further scrutinized by fitting the logistic re-
gression analysis function, for men and women separately: 

    0A2 A1 A2 1 x x
p    

where A1 is initial value (lower horizontal asymptote), A2 is 
final value (upper horizontal asymptote), x0 is center (point of 
inflection; in our case it is the median M0), p is power (the parameter 
that affects the slope of the area about the inflection point) 
(Appendix). We used the Qtiplot—Data Analysis and scientific 
visualization (www.soft.proindopendent.com/gbiplot.html) and 
Originpro 8.5.0 se 1 from Originlab Co., Northampton. MA, 
USA. The difference of p < .05 between the groups was con-
sidered to be significant. 

Results 

Hair Sodium and Potassium. We studied hair sodium and 
potassium in 311 adult subjects (188 women and 123 men) in 

the randomized, prospective, observational study; 192 were 
controls (83 men and 109 women), and 119 have major unipo- 
lar depression (40 men and 79 women). Sodium and potassium 
concentrations varied considerably for both men and women 
over a wide range of concentrations (Table 1). Visually, there 
appears to be some (statistically insignificant) tendency to ac- 
cumulate more sodium and potassium in men than women, so 
that the median would be a better way of presenting the results 
than the arithmetic mean and the standard deviation/standard 
error (Figure 1). When data were log transformed (Figure 2) 
there appeared to be a gross difference between the lower me- 
dian concentrations of hair sodium and potassium in women 
than men, respectively. That data frequency distribution indi- 
cates that sodium and potassium hair concentrations peak ear- 
lier in women than in men, i.e., that there is a gender dependent 
peak shift. 
 

 

Figure 1. 
Box and whisker plot for the hair sodium and potassium concentrations 
(µg·g–1). Box 25 - 75 percentiles; bold line within in the box is median; 
whiskers are standard deviations; outliers are numbered according to 
the subjects study number. 
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Table 1. 
Hair sodium and potassium data (µg·g–1). 

Sodium (H·Na) Potassium (H·K) Na/K 
Subjects (n) 

Median Range Median Range Median 

Men 123 376 7.50 - 3534 130 1.53 - 3311 2.89 

Women 188 183 9.20 - 5606 55.7 1.08 - 1882 3.29 

All 311 243 7.50 - 5606 69.4 1.08 - 3311 2.45 

 

 

Figure 2. 
Hair sodium (Na) and potassium (K) data frequency distribution (log). □ Men (♂); ■ Women (♀); ▽ Median Men 
(Na 2.589, K 2.114); ▼ Median Women (Na 2.263, K 1.745). 

 
Gender. When we compared the frequency distribution of 

hair sodium and potassium concentrations above and below the 
median (Na 243 and K 69.4 µg·g–1, Table 1), it become evident 
that men have more sodium and potassium in their hair than do 
the women (p < .01 for both elements) (Table 2). Similarly, 
depressed subjects have more sodium and potassium in their 

hair than the control subjects (sodium p < .02, potassium p 
< .01) (Table 3). MANOVA (not shown here) also confirmed 
this observation on gender and depression effect on hair potas- 
sium retention pattern, i.e., that men have more potassium in 
their hair than women and also that the depressed subjects have 
more potassium in the hair than the apparently healthy controls. 
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Table 2. 
Hair sodium and potassium accumulation depend upon the gender (data 
frequency). 

 Sodium Potassium 

 Above median Below median Above median Below median

Men 74 49 73 50 

Women 81 107 82 106 

Chi square test p < .01 p < .01 

 
Table 3. 
Depression affects sodium and potassium hair deposition (data fre- 
quency). 

 Sodium Potassium 

 Above median Below median Above median Below median

Control 85 107 81 111 

Depression 70 49 74 45 

Chi square test p < .02 p < .01 

When it comes for sodium, MANOVA only weekly confirmed 
that depressed subjects have somewhat more sodium in their 
hair (p < .10), and that men also tend to have more sodium than 
women in their hair (p < .15). 

Hair Sodium vs. Hair Potassium. The scatter plot of hair 
sodium vs. hair potassium showed different behavior if the sub- 
ject was men or women and if he/she was depressed or not 
(Figure 3). The regression line was the steepest for men having 
depression (DM), but the lowest in control men (CM). In be- 
tween these depressed men and control men there were both 
depressed and control groups of women, respectively. Again, 
the slope for the depressed women (DW) was slightly steeper 
than that of the control women (CW). It should be noted that 
the correlation of sodium vs. potassium was much better in the 
depressed subjects (DM r2 = .630, DW r2 = .628) than in the 
control subjects (CM r2 = .146, CW r2 = .461); apparently these 
two elements did not significantly correlate in the control men 
subjects. 

 

 

Figure 3. 
Scatter plot of the hair sodium to potassium (log Na vs. log K). □ CM control men (n = 83), Y 
= .494X +.682 (r2 = .146); ■ DM depressed men (n = 40), Y = 1.130X +.628 (r2 =.628); ○ CW con-
trol women (n = 109), Y = 0.755X + 0.053 (r2 = .461); ● DW depressed women (n = 79). Y = .801X 
+ .040 (r2 =.639). 
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Blood Na and K. We also studied the scatter plot of whole 

blood sodium and potassium (Figure 4), with even the more 
disappointing result, i.e., the correlation appears to be non- 
existent. By visual examination of the plot, we rather arbitrarily 
identified two clusters (boxed), one of them what we called 
Low sodium Low potassium cluster (bottom left), and a High 
sodium High potassium cluster (top right). Thus far we can 
only say that the High sodium High potassium cluster contained 
the slightly older subjects than the Low Sodium, Low potas- 
sium cluster (p < .10). 

Median Derivatives. Because of the observed gender dif- 
ference, the frequency distribution of the median derivatives for 
H·Na and H·K concentrations was further scrutinized by fitting 

the logistic regression analysis function, for men and women 
separately (Figure 5, Left panel Na, Right panel K). Data to fit 
the equation are shown separately for sodium (Table 4), and 
potassium (Table 5). The H·Na below 28.8 (d3) and 56.5 (D3) 
µg·g–1 for women and men, respectively, reflect low level of 
sodium intake. The adaptive, bioassay like physiological satu- 
rationn phase followed, where H·Na rose rapidly, first for 
women and then for men. Both, now separated parallel satura- 
tion curves, would converge and plateau above 909 (u2) and 
1223 (U2) µg·g–1 for women and men, respectively. Indeed, 
between these end points at the beginning and at the plateau, 
there were two distinct phase shifts saturation slopes for women 
and men, respectively. Women started to accumulate sodium in  

 

 

Figure 4. 
Scatter plot of the whole blood sodium and potassium. □ CM control men, ■ DM depressed men; ○ CW control women; ● DW depressed women. 
Tentative clusters are boxed: Low Na Low K cluster (left down), High Na High K cluster (upper right). 

 
Table 4. 
Hair Sodium median derivative concentrations (MDC) (µg·g–1). Men (D1 - D6 downward MDC, U1 - U6 upward MDC); Women (d1 - d6 downward 
MDC, u1 - u6 upward MDC). 

MEN WOMEN 

Median (M0 n123 = 375.60 µg·g–1Na) Median (M0 n188 = 183.38 µg·g–1 Na) 

MDC n Na MDC n Na MDC n Na MDC n Na 

D1 62 130 U1 62 766 d1 94 86.3 u1 94 473 

D2 31 75.7 U2 31 1223 d2 47 49.6 u2 47 909 

D3 16 56.5 U3 16 1675 d3 24 28.8 u3 24 1955 

D4 8 34.6 U4 8 2331 d4 12 23.4 u4 12 2150 

D5 4 20.6 U5 4 2848 d5 6 13.7 u5 6 2921 

D6 2 8.83 U6 2 3189 d6 3 11.3 u6 3 4763 

Common Median (M0) n311 = 242.50 µg·g–1 Na. 
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Table 5. 
Hair Potassium median derivative concentrations (MDC) (µg·g–1). Men (D1 - D6 downward MDC, U1 - U6 upward MDC); Women (d1 - d6 downward 
MDC, u1 - u6 upward MDC). 

MEN WOMEN 

Median (M0 n123 = 130.00 µg·g–1 K) Median (M0 n188 = 55.65 µg·g–1 K) 

MDC n K MDC n K MDC n K MDC n K 

D1 62 32.9 U1 62 318 d1 94 25.2 u1 94 183 

D2 31 16.4 U2 31 1022 d2 47 14.8 u2 47 401 

D3 16 12.0 U3 16 1443 d3 24 10.1 u3 24 736 

D4 8 5.74 U4 8 1847 d4 12 6.08 u4 12 960 

D5 4 4.13 U5 4 2015 d5 6 4.88 u5 6 1326 

D6 2 2.50 U6 2 2687 d6 3 3.78 u6 3 1775 

Common Median (M0 n311 = 69.44 µg·g–1 K). 

 

 

Figure 5. 
(a) The difference between the hair Sodium median derivatives of Men n = 123 (□) and Women n = 188 (○). D, U Men downward (D) and 
upward (U) median derivatives, d, u Women downward (d) and upward (u) median derivatives. ··· Logistic function:  

   2 1 2 0A + A A 1 X X
p  , ··· 0.95 confidence limit, ··· 0.95 prediction limit. Men:    1.223

Y 1.075 .013 1.075 1 X 381.737       
, 

Women:    1.257
Y 1.005 .029 1.005 1 X 187.118    




 (see Appendix for model and Table 4. for input values); (b) The difference 

between the hair Potassium median derivatives of Men n = 123 (□) and Women n = 188 (○). D, U Men downward (D) and upward (U) me-
dian derivatives, d, u Women downward (d) and upward (u) median derivatives. ··· Logistic function: A2 + (A1 – A2)/(1 + (X/X0)

p), ··· 0.95 

confidence limit, ··· 0.95 prediction limit. Men:    0.86
Y 1.060 .040 1.060 1 X 123.81       

, Women:  

   1.054
Y 1.013 .065 1.013 1 X 57.455    




 (see Appendix for model and Table 5 for input values). 

 
hair earlier than men, and also reach saturation point earlier 
than men. The comparative logistic sigmoid curve, separately 

for men and women, showed that there were no apparent gen- 
der difference below the downward median derivatives d3 and 

Copyright © 2012 SciRes. 830 



B. MOMČILOVIĆ  ET  AL. 

D3, and then again above the upward u2 and U2 median deriva- 
tives for women and men, respectively. 

Similarly, the hair potassium (H·K) below 14.8 (d2) and 16.4 
(D2) µg·g–1 for women and men, respectively, reflect low level 
of potassium intake. Then, again, there is a rapidly growing 
H·K saturation phase of two distinct, semi parallel saturation 
curves, first for women and then for men. Both saturation 
curves converge and plateau above 401 (u2) and 1022 (U2) 
µg·g–1 for women and men, respectively. It should be noted that 
the separation of convergent lines above the median is wider for 
potassium than sodium, i.e., the growing slope for potassium in 
men covers the wider range of concentrations than that for 
women. Thus, there are subtle differences between logistic re- 
gression curves not only between the men and women, but also 
between the sodium and potassium. 

The levels of the antidiuretic hormone (ADH, vasopressin) 
were diminished in subjects who attempted suicide in compare- 
son to the healthy control (p < .01) (Table 6). 

Discussion 

Hair is the biological indicator tissue of great potential—it is 
easily accessible, collection is painless, can be simply stored to 
wait for analysis—and adequately reflects the metabolic changes 
due to the subtle changes of partition in the intermediary me-
tabolism (Cutler 2004, Wilson 2010). Hair is the dynamic tissue 
structure—some hair follicles are active (anagen phase), the 
other are dormant (telogen phase), and some of them degener-
ate only to arise anew later on (Hordinsky, 2003). Hordinsky 
(2003) also showed that the rate of division of human hair folli-
cle cells is second only to the bone marrow cells, which reflects 
accurately the metabolic changes within the body. Indeed, as 
the hair growth irreversibly from the follicle to the tip, it is a 
cumulative log of all the metabolic changes of the elements that 
pass through the follicle. 

This study confirmed our preliminary observations that hair 
sodium and potassium concentrations are increased in the hair 
of depressed subjects (Momčilović et al., 2008, 2010). More- 
over, this study showed the profound gender dependent meta- 
bolic difference in storing sodium and potassium in the hair; 
both elements were higher in men than women hair. We think 
that the observed changes of negative Na and K metabolic bal- 
ance are related to the muscle inactivity of the depressed sub- 
jects. Indeed, the increased concentrations of hair sodium and 
potassium are not the results of the increased sodium and po- 
tassium intake in the depressed subjects, but are the cones- 
quence of their impaired partition in the intermediary metabo- 
lism that favors sodium and potassium elimination from the 
body (negative balance) by the increased elimination via the 
hair. That hair elimination route appears to be enhanced by the 
decreased secretion of the vasopressin in subjects who at- 
tempted suicide (the gravest form of depression). 

Our observation of increased hair K and Na, i.e., their nega- 
tive balance, and reduced serum vasopressin in depressed sub-  
 
Table 6. 
Plasma ADH* in subjects who attempted suicide (Mean ± SD). 

 Subjects (n) Men/Women ADH (pg·mL–1)

Control 19 7/12 4.264a ± 1.564

Attempted Suicide 24 8/16 3.376b ± 1.567

*ADH-antidiuretic hormone (vasopressin), a,bMeans bearing various superscripts 
in the same column differ significantly (p < .01). 

jects are pattern-identical to those observed in astronauts after 
the short term Apollo space missions. Berry (1973, 1974) re- 
ported a slight decrease in total body water and a plasma vol- 
ume decrease of almost eight percent accompanied with the 
decrease of total body exchangeable potassium of about ten 
percent. Fluid balance data for the Apollo 17 crew suggested 
that the observed major weight loss was body tissue loss and 
not attributable to water imbalance. Negative nitrogen and po- 
tassium balances confirmed that this tissue loss was principally 
a loss of body proteins, that is, muscle. Some of the weight loss 
observed must be attributed to a loss of fluid because of the 
slight decrease in total body water noted post-flight, confirmed 
by decreases in urinary electrolytes and antidiuretic hormone. 
The question emerges if the observed Earthly metabolic 
changes of body muscles in depressed subjects are the direct 
consequence of the muscle inactivity, or the fatigue of depress- 
sion is mediated by the failure of some hypothetical, gravity 
dependent muscle mobility brain control “dynamostat” that 
operates in conjunction with the fluid regulation center that 
manifest its presence when being weightless in the Space. Thus, 
the muscle immobility of depression would be reflected by the 
increased amounts of available potassium and sodium due to 
the impaired partitioning processes of the intermediary metabo- 
lism. 

Certainly, gravity plays an important alostatic (ongoing ef- 
forts to maintain homeostasis) role in the biology of cell life 
(McEwens, 2007) since it cued the organization of microtubular 
dissipative structures (Tabony & Job, 1992). Indeed the intra- 
cellular fluid volume increased during the space flight (Leach et 
al., 1996), and what certainly increases the cell energy spending 
to keep the cellular osmotic volume; cells spent the most of 
their energy to keep their osmotic sustainability (Baumgarten & 
Feher, 1988). Apparently, a lot of research is needed to eluci-
date the already observed contradictions in metabolism of elec-
trolytes and hormones in relation to the motility and weight-
lessness (Lane & Feeback, 2002). The observed gender differ-
ence in hair sodium and potassium reflects an addition to the 
already reported numerous differences observed in the body 
composition of women and men (Shills et al., 1999). Appar-
ently, thus far, too little attention was paid to get down to the 
metabolic core of the gender differences in body composition; 
evident biological gender differences should not be confused 
with the gender rights to the political equality. 

The molecular biology of major human depression, and the 
role of major electrolytes like sodium and potassium, is not 
well understood—certain aspects of depression result from 
maladaptive stress induced neuroplastic changes in specific 
neural circuits where KCNJ11 potassium inwardly rectifying 
channel J11 gene is involved (Krishnan & Nestler, 2008). In-
deed, Fava and Kendler (2000) summarized the research of Xie 
and McCobb (1998) on how adrenocorticotrophic hormones 
produced in the pituitary control the excitable properties of 
epinephrine-secreting cells of the adrenal gland by regulating 
alternative splicing of the Ca2+- activate K+ channel, Slo mes-
senger RNA. Peripheral plasma levels of ADH (vasopressin) 
reflect osmotic regulation and activation of the magnocellular 
neurosecretory system, whereas the ADH physiological and 
behavioral role was mostly studied relative to the stress re-
sponse of the hypothalamus-pituitary-adrenal (HPA) axis (de 
Winter et al., 2003). Thus, excess ADH increases aggressive 
behavior and improves mental alertness whereas ADH insuffi-
ciency adversely affects the circadian sleep rhythms and dorso-
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lateral neurons of the spine that control the motility (Caldwell 
et al., 2008). The muscle immobility of depression opens new 
research possibilities for the biological psychiatry. Further stu- 
dies are needed to elucidate the role of other bioelements in the 
depression and to embrace their entangled gestalt with cellular 
osmosis, hormones, and physical activity control. Our results 
support the assumption of Caldwell et al. (2008) on diminished 
levels of ADH in depressed subjects. 

Conclusion 

Men accumulate more sodium and potassium in the hair than 
women. 

Depressed subjects also accumulate more Na and K in the 
hair than the control subjects. 

Antidiuretic hormone (ADH, vasopressin) is diminished in 
subjects who attempted suicide. 

Muscle inactivity/immobility of depression mirrors the mus- 
cle waste of weightlessness. 
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Appendix.  

The median derivatives model (Population Size, PS = 1.000). 

MEDIAN (M0)  

<------------------------------------------------------------------>◘<------------------------------------------------------------------> 

Median Derivative Downward Branch Median Derivative Upward Branch 

(D0, n = 155 = PS  0.500) (U0, n = 155 = PS  0.500) 

Descending Median Derivatives Ascending Median Derivatives 

D1    D0/2   0.250                              U1            D0 + A0/2        0.750 

<-------------------------------◘------------------------------------><-----------------------------◘--------------------------------> 

D2    D0/4   0.125                              U2           D0 + A0/4       0.875 

<-----------------◘---------------><---------------◘----------------> 

D3    D0/8   0.062                                            U3    D0 + A0/8    0.937 

<--------◘--------><--------◘-------> 

D4    D0/16   0.031                                           U4    D0 + A0/16   0.969 

<----◘----><---◘---> 

D5    D0/32   0.016                                           U5    D0 + A0/32   0.983 

--◘--                                                                             --◘-- 

D6    D0/64   0.008                                           U6    D0 + A0/64   0.992 

-◘-                                                                               -◘-  

 
We studied the frequency distribution of the studied hair 

element median and it’s derivatives to assess element’s insuffi-
ciency, adequacy, and overexposure. First we assess the median 
(M0) hair silver concentration of our subject population. By de- 
finition, one half of the studied population was above the me-
dian (upward or ascending median branch, U0), and the other 
half was below the median (downward or descending median 
branch, D0). Hence, the population size (PS) for M0 is the sum 
of the respective upward and downward median branches around 
the central  inflection “hinge” M0, i.e., PS = U0 + D0 = 0.5 + 

0.5 = 1.0. Both the respective upward and downward median 
branches can be further divided in the same “median of me-
dian” way into a series of sequential median derivatives (U0, 1, 
2, 3, ···, n – 1, n and D0, 1, 2, 3, ···, n – 1, n) For every median 
derivative of the population, the actual hair silver concentration 
can be identified. Thus, instead of mechanically throwing the 
preconceived percentile grid upon the observed data, we in-
ferred the median derivative grid out from the data set itself 
(Smylevich & Dougherty, 2010).
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