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=Abstract=
Some hair mineral contents of non-violent criminal and normal control

Sung Cheul Hong, DooHie Kim
Department of preventive medicine & Public health, Kyungpook National University,
College of Medicine

This study was designed to determine whether non-violent criminal and normal control on the
basis of concentration of levels of trace mineral and toxic metal by analysis of human scalp hair.

The subjects were selected 87 nonviolent criminal from a prison population and 120 normal
control from periodic health checks for study. Hair samples were taken from the napes and
Minnesota Multiple Personality Inventory (MMPI) was performed also. Five trace mineral (Zn, Cu,
Mg, Fe, Na) and two toxic metal (lead, cadmium) contents were determined by an atomic absorption
spectrometer.

The contents of zinc and magnesium in hair of non-violent criminal were significantly lower than
the control group (p < 0.01). In the case of lead and cadimum, mean value of criminal group was
significantly higher than control group.

Significantly higher T-score of MMPI was seen in non-violent criminal group for psychopathic
deviate (Pd), paranoia scale (Pa), and Mania scale (Ma) than control group, but T-score of depression
scale (D) was significantly higher in the control group.

In the non-violent criminal group, the content of copper inversely proportion to T-score of Hs, D,
Hy, Pd, Mf, Pa, Pt, Sc, Si except Ma, also Zinc inversely proportion to T-score of Hy, Mf, Pa, Pt.

These results suggest that difference of some hair mineral contents exist between criminal and
normal control group. Thus further studies are necessary to determine whether violent and
nonviolent criminal group attributed biochemical imbalance with carefully constructed and
controlled studies.

Key Words: hair mineral, MMPI, toxic metal, violent, criminal
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Ao A} FEFLY 29 AW vl
o Boh B Bask WA o e WA,
ol 94459 AU FAAZE Hlste Wyl F
2o 94 AR AR ARHo $it) oF F
o] mlgd MRS FEE F59 9@ £4%
AEAARE ARSEHAA T glon E3 B o] B
T B7stn 9439y AR E Holkste WY
9 3htz o] &=z Yut.

53 B AAH Gl 8o WAL T3
At FibF vl EE F4% A7 2o A
oo Suhy AR {EA FFHC) AAZN, 5
o, &FFANE FEATlE 8ol 2 + UL E
g Fzrgo| Budz gich(Perino® Ernhart,
1974; Needleman &, 1979; Kracke, 1982:
Lester &, 1982; # 5 387, 1986; HF3
%, 1989a, 1989b; &% &, 1989; ¥7ig 5,
1989). 4, 7l=F, "4 59 EA4FSE BAL 4
s, FFgAITA FAE FEste PF
Fofd] BT LA Uk 53] g Jsl=F
2 FH AN dEAA FAFDn LA Y
(Marlowe %, 1983; Moncrieff &, 1964).

B Volst Alzheimer (Shore 5, 1984),
TouretteZ2 &7 ¥ dZZE3A (Cromwell Z,
1989) M %= FHE0] B g Holegle 7Mdo] BT
Ha ok, AR $(1990) 2 FNRAZEATE
gdez 3y, JI=E, ofd m gHAY
d Z A} (Minnesota Multiphasic Personality Inventory,
MMPDe] 42848 A7ek] wustgict

AraE&die YAUAAY F=E 4grigtez
22HA A7 E fXEE | g5EHA 928
(Smith, 1978; Kracke, 1982) %30, ol &
4= Fe, A, 2E, ILE, ofd, EHUF

For §42¥8AE& ZH3l1 neurotransmitter
activity®} neuronal transmission 2-& A3}8d 3t
AL B8 AFd dgES 7A £ Aok (Kracke,
1982).

T8 HAE d7dte gREL HIHAGNN

e Azt doxte] vastgE F45949
o Jlzdle vlmEe AL LHARE AL
gouv Hud & S JiAA RS 2ol
Von Hilsheimer 5 (1977)2 v glojxq &
F rladlg YEEY w%7F w2, g ol
FTET Eva Baustyvr. ¥HH Schmidt 5 (1981)
< o v dd N ¢FuE 2F oladg 72
9 ¥EE ¥Y, IF XEE ¥R YEE F:E
AAAEYG e & EJddan HusHo
Rimland¢} Larson(1983) & W@ 4del 4% 7}
EES EEEt g3%on, PFo] G AEL
B2 952 E vehle Aol dn AEXfHL
oy, u]=d|re] National Institute of Justice (1987)
€ "ekzAl 7P o RA welstee Algo] bl
gz Bastn 9ok Phil(1982) 5= EH¥zR
E2 U EGYFAAEA vE FUEF @ =E F
=7 #v9xn Eastgch. Walsh(1985, 1987) &
EZPYIAEL FEFTEY BF T2 U4 54
&9 37t By #ZAades #3F shtE vehig
W2 ZYAQ g AIFEL 259 FF4
v dgg A + de 84 73S 7Nz
otz 28X At Cromwell (1989 8%
S AT T35 FE 94E BYEe BEHENS
AR A3 86.8%04 BE3 ZHATRE Ela
ydern, vZEade 78.9%9 == EF3)
o ZYPIH v ZFHATe AHFAY Aol g
Alxbstdl et

SEldetelir e WA BEE dF2 PRI
F571(1986) € vgPLdTol dut dPgFEg
FEE |, St=F §Fo] FodA #deE B2
g3, AF3E 5(1986)2 vyH AT thaF
AAZAAI} 52 F o, =g, ol I B
AE nAste] 159 FAZE AAE B Qi A
9 519912 AAFNELZT FATANN FY
T WP R dFeq fAG 2FE RuFen 2
FH(1992) = AAHAEE S FAlolA TAF £
2 FFol #93A wvtn B gl

oldl & A& 71EY A7} AR WHAY
A, B4 FE£A49 BEYFSEY o) 2o
237 d7deozRyH pEE £ gde S
AR A8 A=EHAT. 2 AAA dA=Z wE
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oS 19929 59%E 199249 10874 d+
BEhAA ol FHE ALFEFTNAM FHAo MF
ol ety ZHAASL e AIRES tF (87
H)oz AAFsFen dRTeze FHAHRH WY
o] iz FF&d =FH JAYHo gl ABT A
F(120%) S A3k vZY AR A$ 7
g nxzod FRE dol FAAS IS L AER
% AR en, FEAAe +A9Ed A3 T
oA Semulvtel njalFlEtE SEduldq HF 3§
don 209 30de] dEAHE GHAARAA
(MMPI) & AA3tct. dzee F7|goz AY

t 7Y 2 239 AAAA AN Ao glm
AR AR ARES A FRHFH e A
MMPI HALE Aldede, FHEde vy 913
ZL 879, HEF 649 A ¢ sl=ge] B4 F
%3, YEE ofd Tl A vldlgdl W At
Hth, MMPIe] R w58 WAz 874, d=T
914 ddoz BAsigon FAWA Fejol Avt
el =rt dojzicty AHe A4 AdAAG

2. FUARS ZH Y 24

Fos 9A3% sl &2 g 2dH 2 7H
2 9% 0.5cm Zolz2 e ¥ edEde JFE
AAs7] A5t F AFE volA ¥ 0.3%
Triton X-100 48 A2F o < 1087 A=
g % ezl o7}x] (Toyo No. 2) & Apgsiod
Fol o#stydrl. olo] 300ml F o] GolFR
33, 10mle] olAlEoz A 13 AHAT

(Intrumentation Laboratory Inc., 1981). °]&
110°Ce Az7ld ¥ol 241t AEAY F 420
g dAx A3 AAHRFE A&t A &3
200mgE 0. 1mge] LAHHZ FAE 2o 1Y
A28 2 (acid digestion bomb, Parr, USA)o} ¥ 1
#FAEE£SH & AN HESEHRAER, BRS¢
o] 5ml2 ®F3 o]& 150°Co Axv|o) go] &
90 EAHAAY. of A& AZF N T4
4 HlEt R A 23] (deuterium back-ground corrector)
g 2% 9AFLFEZF=A(IL. 551, USA)2A
old, 78, A, YEE, vladls ¥ 943
2 g3 =g F9%F A28 (controlled
temperature furnace atomizer; CTF IL. 655,
USA) & ol &3 FEFUoz FFsgqon ojwd
2171z27AL B 13 #o
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Table 1. Analytical condition of the instrument

Pb Cd Zn Cu Fe Na Mg

Wave length (nm) 283.3 228.8 213.9 324.7 248.3 589.0 285.2
Lamp current (mA) 5 3 3 5 8 8 3
Analysis mode DB A-Bkg DB A-Bkg DB A-Bkg DB DB DB DB
Integration time(sec) 8 8 0.2 0.2 0.2 0.2 0.2
Readout mode PH PH Auto Auto Auto Auto Auto
Purge gas Argon Argon - - - - -
Temperature program

Dry (°C/sec) 110/50 110/50

Ash (°C/sec) 225/20 500/15 - - - - -

Automize (°C/sec) 1000/10 1800/10

ofF Zgkon BAEAAME dFexe fle A
L2 et & °¥ b 5924 dgAx=
2 Wyor MESHE AU, 1 23 ®
€ F5dad da d3exe fle Aoz vey
on, ¥ AQAe e AdF F, 71EE, YE
&, ofd, mtadle, FEdAM FAASE #FF
MAx7F de Aes Yegrh(P{0.01). 22z
FoAYRY vmdM d, l=F, ofd, mlavle,
T A Frd @ AolE BRI (P 0.01) (& 2).
194 oo M e v EHYPARG x| T
T 954289 FFE vud 2y A% 4M S
37TH 2 FTo] zol7b flx, otd# vlaudlgoel
vl g 2o 9lel 132.0 £ 15.45, 95.48 +
29.420|9 d=FL 152.4 = 21.01, 121.26 =+
40.67o2 dzTol v FstA E U (PO.
01). ¥ =4 35 @3 7l=gL ¥ FEYA
Aol dzed Wl FeatA EXHP  0.01)

494 FFE vms) Bl
< 29 ¥ ZEYAAFAM HEE, mladgol
HEE zolg Holam Ydxn(P< 0.01), HEZEd
T ofd, &, vladlE, deA d¥TE &% 2
g Holx o (P< 0.01) 9o wE g
A Bolx gt Ao wet 23t A
FollA v ZFAYH A} FEE H2IHY S o
YEELS 20904 ®AAE F5HA wken F

2l 50t ol4tel ABZeA WA FostA @
Xk ofdE& 204 300 40thelA whauvlES 20
el 30t oA HARZL FodA Egth W
ERFEA 9 Fl=FL 200 300 40uHelA HF
AT FstA wRTHPC0.01) (& 4).

MMPI9] 7z A= T A4S v &P o
z27& Hlad Bt 2 2% D($EF D) e
dzFel oA w2z P 0.05), £x=3 %
A AL S Uehle Pd(ALsl4), Hiaelsy
A E9dE velde Pa(@YF), 854 3A
A FEEE Ve e Ma(B23) 9 HzoAE o
ZyyAATo] FAsA =RXHP0.05) (F 5).

MMPIe| 2zt H=g T <o wet 459 v,
45-594, 607 olAToz U¥o] zt Hegd o
2 9 AEY dzey NE B¥XE dmd By
th 2 ZAs Wz ¥¥7 Hs(d74ge), Hy(d
2He]), Pa(@yF), Ma(3zx), PA(EArA) 3
o HARZH YRFE Atolo {oG Ao]E B
ATH(E 6).

A7 dAAE HIHAAS gz T
MMPIe] T F42Xe what 2t F4a3te]
2 FFE vma 2k Tt $25(D), =
Hg (Hy), Wad (S) HAzoA R Aols E

ol M
B e
o,

e

ol

oln gled, ojde wAIEA (Pd) AZ3(Ma) 3
oA, wladge) FARE (S AE, ¥ A=

8o 32Hz (Hy) WA (Pd) FAUEE (Se) ¥
EAA frog zolE Holx UG (E T).
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Table 2. Variance anaysis of minerals in scalp hair by repeated measurement

Between measurement

Between individuals

Between groups

Mineral

M.S. F S.S. M.S. F S.S M.S. F
Pb 0.56 0.19 1.91 505 101 1028** 720 720 T334**
Cd 0.00t 0.002 0.33 0.64 0.13 491%* 0.62 0.62 2245%*
Na 1267 423 0.60 22003 4401 6.25%* 488 4188 0.69
Zn 86 28.70 0.78 7954 1590 42.96%* 4602 4602 124.20**
Mg 75.37 25.12 0.564 39450 7890 168.32*%* 4689 4689 100.00**
Cu 3.09 1.03 0.98 97.52 19.50 18.54%*  22.69 22.69 21.56%*
Fe 41.27 13.75 1.61 54.05 10.81 1.26 7.72 7.72 0.90
**p < 0.01 10.00027 20.00009

Aegn glon, o FxpEe o Al

Table 3. Hair mineral contents of non-violent

criminal and control group

Mineral Criminal (n=87) Control (n=46)
Pb 957 + 4.48** 650+ 1.35
Cd 0.42 + 0.22%* 0.26 + 0.09
Na 61.90 = 37.03 64.26 = 35.44
Cu 1062+ 5.90 10.18 + 281
Zn 132.00 % 15.45%* 152.40 + 21.00
Fe 14.73 + 14.62 12.64 + 3.07
Mg 95.48 + 29.42%* 121.26 + 40.67
**p<0.01

5L T F45949 MMPIS) T Hezte
AaaAE 73 2ZYAH(F 8). HWHA TAAAMe
T $&eo] Ma HEE A9 Hs, D, Hy, Pd, Mf,
Pa, Pt, Sc, Si ¥x9] A4e FAHoz fo8 &
o] BABAE Bolz e (P < 0.05 P 0.
01), olddeka} Hy, Mf, Pa, Pt A =e] M%7 &
o] JBFAT/AE Holm U}, #A dR2FdME U
EETH Ma HE7b &9 FAAAE A ScHr,
PR == g9 A% BAE Holzn o

SR
2 Z2337] g wHo g SEuzo 34 s
2@e0 AAY FEIF AXD AEE A7)

ol Alg =l (Klevay, 1973; Petering¥,
1971, 1973; ThatcherZ, 1982). & Z@lo)A
e AU F£F] FH L A8 vRHG (R

9). e 1 FE AFH} wmEH Lo B o}
et 583 A3Pye dasdtA geod
(Hilderbrand$} White, 1974), dool} LA
Hd 2F4F AW AFAT) FA gn
(Petering %, 1971), A@&%r S ol&d
g AR oAV HANE Bt A9 vlxdt
BAREEE Yol AR FHY dARIES
FRsHA dot. =3 @A HA2T 20FY 1A
AZY AARAL ZFEE wdstes F&o] FHoA
HAHA oW o5 FAM &dte] F& dFe F
fA4olng AAz 44 &3 AALD £ Jov 7
ZFE, 9% YREY FFEFe B aud s -
SH group?} ZAu3lA Aiste 44 £5A e
o adeg 40 F34 FFZFE 7] A8
Me ddoly gRT Fido]l o F2 AP 239
g st (Kopito 5, 1967; AQIA, 1992).

B SEaEAN L ARHE Bel sEAZ YHE
10). FHUY FF& =71 QA A =44 FH
Hol 3le FF% FFS dohv g g AU}
dAAE olE g7 A5 oHe] AR&A &
3 At 53 dqRie eI dAds o

FEEFY A4 23 F& FFALo) RS



"dnouid foxyuoo Sutajoaur 1593 VAQONV 49 100 > d q
*dnoud reururLo SutAfoAUr 1593 VAONV £q 100 >d e
‘[A0JU0D PUE [BUTWILI) USIMII( 557 LSUITYAM-UUBJA 10 3503 3 100 > d4y G0°0 > d 4

900 ¥20 Lg'd 8T'L 6968 GT'L8 62’9 €9¥I 81 62GPT ST 6811 €3LZ 1L6S8 L [onuon
G100 Sg0 €¢¢ 298 P808 G9€'9L  G0'SE 86T 96°LT 00'CET««3L'T 996 826G 9986 = 6 [BUTWILLY 0g <

600 420 090 189 96°0¢ 9T'66T 9¥'C 00321 T9'8T 00'SST €6'T E€E€IT 29LT 38388 6 [onyuon
LE0 8Y0 «9LF 626 9¢’'1¥ 61'80T Q%L SY2T +99PT L9E8T 90°L SSGT &8IV LL99 6 [euwLy - 6%-0¥

60°0 620 98T 699 0g'ey ST'96T 00 02T 60°'6¢ €0'GST 06G GE'6 LE'vYY 8989 61 [onyuo)
«61°0 V0 6% VOOT «86°LC TG EOT OLLT 6T9T 9991 8LPET 96'T 986 06%¢€ G¢¥9 g€ [BUIL)  6g-08

¢c0 V20 ¢80 079 ¥8'8¢ 68611 1I2'€ €ELTI LO¥PT ST'IST Q€€ 196 eLvYe 9869 1T [oxyuoy
#9000  GV'0 «0FF ET'6 449633 ¥0'88 6%'S 6CTT *«I0FT 000ST 198 LTI +bS'€3 oHLy 1€ [BUWWW)  62-03

810 S¥0 6FC 196  8€92 G960L 88V 9LBE 8FYPC IIFST GLE  €E0T  LLEE LIL9 8T [0XU0)
- - - - - - - - Uy  0g>

PO qad qeSIN ad quZ nH eBN N dnoin oge

dnoi8 o8e £q sjus)u0d [eISUIW TR *p I]qE],

—115—



Table 5. T-score of MMPI of non-violent criminal and control groups

N Hs D Hy Pd Mf
Criminal 87 48.3 + 105 46.5 + 8.3 481+11.8 52.9 + 10.6%* 53.8 9.0
Control 91 495+ 13 499 +8.3 493+ 79 468+ 79 520 + 8.8

N Pa Pt Sc Ma Si
Criminal 87 49.1 + 8.2% 475+9.7 470+83 49.4 = 7.7+ 475 +10.2
Control 91 439 +7.1 49.8+89 46.7+6.1 46.3 9.0 489+ 10.3

*p<0.05 **:p<0.01

Hs: Hypochodriasis Pa: Paranoia

D: Depression Pt: Psychasthenia
Hy: Hysery Sc: Schizophrenia

Pd: Psychopathic Daviate Ma: Mania

Mf: Masculinity-Faminity Si: Social introversion

AFsty] ddesutn FAE FaEol Bk David® Dari(1974) & $23F @9 £ dolA
(JaworowskiE, 1966; Kopitos, 1967; Petering A2 #HelAl F4S 23] o] EDTA, Ether,
%, 1973; Baumslag%, 1974). Hammer 5  Aceton, AlA] S m}& EBAx9) o)A sl
(1971) & ool Watd STl &L AA = WG v Jdow, vF EPA(1978) 7F HAIF =4}
A B4 0.5-1.0%9 E3stn) 2 22 A Bad o3ty F2e dojd wat dFFe Apols}
ojolxe] B&F o]F A 2T EYPHoR of Utz Fx, FHY AFH Feol wdHME 35
FoAAER RE F5M 72 AA 24U FF Fo Aort glve Eak o B d7dAdE F
Alol9] dad e Ag3tedle A ddan 3 DAY FEEde S Bol ¥E £ e o
th gAY deggo] oid |, JI=F, HA%d  As AFHANA AYstgon FUAFH A5

e 54 253 B4FEF okd 2 7ol o] FFFe T FolA sem vlwe] THe AAE
e S99 245 @90 A4 23 34 23 AL 95o2 A9,
2 wgaE 9o d2 fAse g8 ANHT  ARWze] B Fwh) 34 w0l Bajel @

itk (Jaworowski 5, 1966; Kopito 5, 1967; & d#o] ojgd o2 FEF ¥ I
HammerS, 1971; Klevay, 1973; Baumslag £, 9Zeo] dxHxn 9o (Ratcliffe, 1981), AHHEH
1974). 2 FAAMZE FEUe] 4, H4i, FI=E T 5 olFEol dxFd LA de 29 Fde
TE $4e4d F=E vad FEsiA gddctn vEEAQ] AAYAL, wid B2, d944 agln
Hammer 5 (1971)2 F33Act. Klevay(1973) S AZs7d 4 Fx71 22 Folztn 3
o} Petering 5 (1973) & Fdue & 2 7l=&% ¥ th 18]y} Schroeder(1966) = ¥+a &9 A&
=7t R #A9 ¢ B Fl=g od9 AR Hoh EutFR R AXYAL ZEo oJF] FfHolrlde
2 stgivh. 18l3 Hambidge(1982) = FE& Al 7Fstcist 104 olAd o7 ZAsdte AFE B
EZ AEE A IR EAY o9, FEAHY q@d F I olF2E d iyt glE FHolw, oz
A7 A€ & dd: ARSFAHE 10). A7t F34-E fAEE YA FLolakn A
Renshaw 5 (1972) = 5#9 EA¥d distd o, 28y vidsg4F5F 49 7l=F 22 358
=R er FRoA WRe TRdsE go g Aol FI/FH o AW #HI= FrteEge
7F 20 233tg on Clarkest Wilson(1974)3  Ho] 19l Zsloltt. olo] tidiAx= Petering 5

e r& ol)l
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Table 6. Frequency distribution of non-violent criminal and control groups by T-score of MMPI

Hs* D

Hy* Pa**

Criminal

Score No % No % No % N

Control

Criminal

Control

Criminal

Control

Criminal

Control

Y
45 > 29 426 23 253 33 485 27 297 29 426 25 275 21 30.9 52 57.1
45-59 30 44.1 61 670 25 368 47 516 28 412 57 62.6 40 58.8 31 40.7
60 < 9 132 7 79 10 147 17 187 11 162 9 99 7 103 2 22
Pt Se Ma** Pd**
Criminal Control Criminal Control Criminal Control Criminal Control
Score No % No % No % No % No % No % No % No %
45> 30 345 26 28.6 33 485 39 429 10 147 37 407 17 25.0 28 30.8
45-59 25 28.7 47 51.6 28 412 49 538 53 779 48 527 30 44.1 60 65.9
60 < 13 14.9 18 19.8 7 103 3 33 5 74 6 66 21 309 3 33
Mf Si )
Criminal Control Criminal Control
Score No % No % No % No %
45 > 11 16.2 17 18.7 25 36.8 28 30.8
45-59 48 58.8 55 60.4 36 529 50 54.9
60 < 17 25.0 19 20.9 7 103 13 143
X2test *: p<0.05 **:p<0.01

(1971, 1979 = W£% 8¢ sgon FnAo
YTt Zae] Adee w8del 34 2 44
o 93 gzn, dAe 2 AgH] AYH 4457
9 12428 AFsH Aok 28Y B AL
ost Ze A4S AWAY BF £AL AL £ 99
o AnA) dete A3 94 ) we AP
A ghsk,

8 F&Hdae) BAL A S4oly AR
o shgel wet APt 4 b5l et o
S e Agel A% AXNE PR AL W
Bao Z3sd FEAE Pohe Aol wehd
A3 vl goleke W44 W] BE Aol Ut
12 ¥ 4gldE ARSI dFE HAof 2
7 692 478 oF e dd AXeAE T

T AR L 49 NI FFEG 1 AF
Agexte A9 gle Aoz Jewt, 684%
dde 2 3 wrEAEA E3 =g, e o}
d, mtadg, FEdA F9F Aol7t e RAer
velgtch ole diAda d4E BT Ao A9
¥] 55 A VEbsTh

71E9 HEAAES U FEF TS T
Az T8, ok, IE, BT Fol ol Holn
Jon Budn Jdoh. 2y oHFd BEEETH
71E9 Q3N Band AAY Fvt F& FiEe
o] dxtA = .gevh Schmidt F(1981) 7
Von Hilshemer 5 (1977)& HPALEES B2
2 3 dFdA ZaE YEER FTrHE FEFEE
Hastg e Cromwell 5(1989)& EZEF A9}



Table 7. Mineral contents in scalp hair of non-viclent criminal and control groups by T-score of MMPI

unit: ppm
Hs
MMPI N Na Cu Zn Fe Mg Pb Cd
<45 30 629 + 434 10.7 + 3.6 140.0 + 15,5 159 + 14.6 1016 + 355 9.2 +£3.89 0.38 £ 0.17
45-59 45 619 +34.1 97 +24 141.8 +20.7 128+ 9.8 1106 + 340 84 +4.62 0.38 +£0.20
60 < 12 69.5 + 38.0 8.6+ 22 1295+ 264 143 + 102 947 £ 445 8.1+ 3.10 035+ 0.19
D
MMPI N Na Cu* Zn Fe Mg Pb Cd
<45 39 596 + 40.0 104 + 3.5 139.5 +16.5 13.7 + 12.7103.2 + 314 9.3 £5.20 041 +0.23
45-59 33 69.0 + 382 102 + 2.1 1394 + 193 158 + 12.6 1069 + 352 7.9 + 257 0.34 +0.14
60 < 14 59.6 + 288 7.9+ 15 1383 +30.1 11.2 + 291087+ 50.1 85+ 431 036 £ 0.19
Hy
MMPI N Na Cu* Zn Fe Mg Pb* Ca**
<45 31 674 + 44.3 10.8 + 3.6 140.8 + 15.7 17.6 + 17.2 1069 + 33.8 10.2 + 483 046 + 0.22
45-59 40 576 + 305 96+ 24 140.7 +195 113+ 411057+ 319 7.5 +332 033015
60 < 14 69.9 +399 88+ 1.8 1322+ 28.1 14.0 + 8.8102.1 + 50.7 84 +4.16 0.33 +0.17
Pd
MMPI N Na Cu Zn** Fe Mg Pb* Cd*.
<45 21 55.3 + 288 9.7+ 1.8 1398 +17.2 142 + 14.1 100.5 + 32.7 104 =571 0.47 + 0.26
45-59 45 66.2 + 40.8 105 + 3.6 144.7 + 202 14.7 +£11.3 1105 £ 352 7.5+ 3.12 034 +0.15
60 < 20 649 + 387 87+11 1264+ 172 124+ 94 996 + 410 92+ 385 0.36+0.17
Mf
MMPI N Na Cu Zn Fe Mg Pb Cd
<45 13 589 + 315 11.1+53 1409 + 164 153 £17.1 999 + 296 103 + 6.61 045+ 0.23
45-59 53 69.8 + 421 9.9 + 23 1404 + 20.0 14.6 + 11.9 1072+ 365 7.9 +£3.20 0.35 £ 0.16
60 < 20 487 +21.8 9.0 & 1.7 1354 +22.6 119 + 4.8 104.7 + 395 9.5 + 447 040 £ 0.20
Pa
MMPI N Na Cu Zn Fe Mg Pb Cd
<45 30 70.3 + 48.1 10.6 + 4.0 1411+ 181 144 + 13.2 1066 £330 7.8 +4.19 038 + 0.19
45-59 49 56.7 +27.2 9.5+ 2.1 1403 + 19.6 13.6 + 105 109.0 + 374 8.9 +4.29 0.36 + 0.17
60 < 7 784 + 451 9.7+ 13 1237 +26.7 159 +13.1 772+ 30.0 101 +3.23 0.45 + 0.26
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Table 7. Continued

<45 34 65.3 + 420 104 + 3.6 142.1 + 19.3 14.2 + 13.6 107.7 + 364 9.2 + 5.05 042 = 0.22
45-59 37 61.3 + 353 10.1 +24 139.6 + 180 144 + 1091066 + 35.2 7.8+ 327 037 +0.15
15 634 +342 84+ 17 1321 +255 131+ 9.0 983 £ 385 9.4 +415 039 +0.20

<45 37 63.2 + 410 10.7 £ 3.5 1423 + 188 156 + 1551034 + 29.1 9.1 +546 0.44 + 0.22
45-59 42 615+ 343 93 +23 139.0+ 193 125+ 57 1121 +402 75+204 030+ 0.11
60 < 5 736 £418 9.0+19 1243+ 263 153 + 134 76.8 + 30.8 125+ 433 049 £ 0.25

<45 22 745+ 383 93 +27 1509 +243 118+ 271199 + 386 69 +213 034 x0.18
45-59 59 58.3 + 374 10.0 + 3.0 134.6 + 16.5 142 + 11.4 1009 + 353 9.1 £ 452 0.38 = 0.19
60 < 5 71.6 + 26.5 10.6 + 2.0 144.4 + 199 21.6 + 28.2 100.1 + 16.1 9.9 + 493 048 + 0.20

<45 31 53.6 + 26.8 10.8 £ 3.9 1375 + 155 127 £ 9.0105.4 + 355 8.1 +4.06 0.36 £ 0.19
45-59 45 69.8 +43.5 9.7+ 21 1388 +20.1 14.6 + 13.5103.1 + 329 9.1 +4.28 041 + 0.21
60 < 10 63.3 +33.8 84+ 17 147.0 £305 15.7 + 10.0 116.9 + 50.7 8.2 *+ 4.34 0.29 + 0.08

ANOVA test ¥: p<0.05, **:p<0.01

HIZHY A BRdA F7td UEEH JF2d 7 2TE HzddE o HEFE 2000904 EHA
gE=g 2ttt Walsh(1985, 1987)& ttgF  #eldAl ¥gten Fals 500 o439 ddFelA
g ZHP = net 25 d2FFE st WAAL FoSA I obdS 200 309 40
7}’8 Z2d HAAEY AF F7H 72 Zg dolA stavlg 20009 30H llA WA A7
=ZEF ¢ 2% Z2E YEE ZF ofd 2lF 2L FsA 2o
E #3Fe Holu glon, /M3 9 FYHH HAAE 54 859 2% Maugh(1978) & £ 3
< Zgd vtadlgdA F7HE ofd 7E B3 4 5& HAAE W F2d 38 Y 7}%} -rr%ah"_
EEF ZF ¥ ZaXE JvEddn 23 g9 90 sle Z2FE AT £ ZEXAST. A
1= L °q-_r‘°1]’\1«l v EHEYPHAEY e o dF Ao mEd SAH4FIEH ABPARA
ofd} wpadlge T vd FstA Rtn, AFE HHLve de A€ 2a gled, ¥
d 7tEEE dxTd v fostA w39 4% —i AFE /I ddez & 948 dT7dA FEA
o met S5sted 4 AR IANAM WM FHUAAG W A AFE P AREA 3o FEEt fEA
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Table 8-1. Correlation matrix between mineral content and clinical scales of MMPI in criminal group

T score Na Cu Zn Fe Mg Pb Cd
Hs .0723 —-.3361** —-.2037 -.1225 -.0924 -.0009 .0036
D 1764 —.3759** -.1557 -.1258 .0738 -.0121 -.0916
Hy —-.1180 -2574* —.3531** -.1555 -.1908 —-.0954 -.1677
Pd 1113 —-.3001* -.2200 -.0419 -.0142 -.0904 —.2977*
Mf —.0870 -.3309* -.3027* -.1810 0199 .0079 -.0309
Pa .0932 —.3269* —-.2785* -.0038 -.1537 .0888 -.0720
Pt .1560 -.2913* —-.3064* -.0269 —-.0764 0716 -.0530
Sc 1414 -.3537* -.2394 -.1229 —-.0738 .0491 -.1136
Ma .0586 -.0145 - —.0606 .1842 —-.0943 .0573 0437
Si .1843 -.3127* -.0743 .0947 -.0581 1787 .0451

No. of cases: 57 *p < 0.05 **p < 0.01

Table 8-2. Correlation matrix between mineral content and clinical scales of MMPI in control group

T score Na Cu - Zn Fe Mg Pb Cd
Hs 1944 -.0624 —.2341 .2602 —.0405 -.1508 -.0941
D 0779 -3776 .0139 .1982 .0226 -.0175 -.2276
Hy 2834 .0183 -.1489 .3166 .0461 -.0778 -.1940
Pd .2039 A4371* -.0625 .3345 1172 -.1257 .0937
Mf -.1071 .0702 4074 -.1224 2794 -.1412 .0403
Pa 1340 -.0411 3757 .2358 2511 -.0275 0124
Pt -.1905 -3617 - . -2218 .4509* -.2166 .1399 -.1516
Se -.1321 -.2048 -.0071 .5608** 0927 .2694 -.2000
Ma —.5029** —.0098 -.1638 1321 —-.0509 -.0019 —-.2045
Si .1991 -.3209 2171 .3502 1217 —-.0974 .0409

No. of cases: 23 *p < 0.05 **p < 0.01

Table 9. Advantages associated with analysis of hair mineral

1) Hair samples can be obtained quickly and easily
2) Sample remain stable with no special requirement
3) Techniques used for analysis are sensitive
4) Hair analysis, if shown to be reliable and reproducible,
may become a useful screening procedure for selected clinical condition.
5) Hair analysis provides information about intracellular accumulations of element.

6) Hair analysis provides a historical perspective about concentration of trace elements in the body.
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Table 10. Problems encountered in the interpretation of hair analyses

»1) Exposure of sample to external enviroment

2) Optimal choice and effectiveness of sample washing procedures

3) Effects of hair treatments in vivo

4) Variations with hair color-location-diameter
5) Variation with sex or season

6) Variations with age

7) Rate of hair growth

8) Problems associated with analytical technique

9) Correlation with trace element concentrations in other body tissue or fluid.

10) Lack of a clear definition of normal ranges of hair concentrations of trace elements

Source; Hambidge KM. Hair analyses: Worthless for vitamins, limited for minerals.

Am J Clin Nutr 1982; 36: 944
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