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Relationship between Violent Criminal Behavior and Imbalance
of Scalp Hair Minerals in Man

Doohie Kim?, Bon Ki Jang', Duk Hee Lee', Sung Chul Hong', Byung Hie Kim?

Department of Preventive Medicine and Public Health School of Medicine,
Kyungpook National University!
Department of Medicine, Taegu Correctional Institution?

To estimate the factors to the inclination of the criminal violence, the content of trace
minerals and toxic metals in the scalp hair were measured during the period from May
1992 to October 1992.

One hundred eleven violent and 89 nonviolent criminal inmates of Taegu Correctional
Institute were selected. The inmates of violent criminals were imprisoned by murder,
robber, rape, injury and violent acts. Those of nonviolent criminals were swindle,
larceny, and adultery and had no history of institutional violence.

The contents of two toxic metals (cadmium, lead) and five trace minerals(Cu, Fe, Zn,
Mg, Na) were determined by an atomic absorption spectrophotometer (IL. 551).

The contents of cadmium and lead in hair of violent criminals were significantly
higher as 0.56 £ 0.14ppm, 11.53 & 3.32 ppm, respectively, than 0.42 + 0.20ppm, 9.63 +
4.31 ppm of nonviolent group (p < 0.01). But the level of copper was significantly lower
than nonviolent group (p < 0.05).

The factors that had a significant correlation with the inclination of violence in
multiple logistic regression analysis were cadmium (odds ratio =98.09), unmarried (odds
ratio = 0.39), many times of criminal history (odds ratio=1.57) and residence of rural
area (odds ratio = 0.44),
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The results suggest that the sub-toxic contents of cadmium and lead in the hair may
be of potential effect on behavior, and the mineral analysis may be an important
adjunctive diagnostic procedure. Further studies into this problem are necessary.

Key words: heavy metal, hair mineral, violent criminal behavior
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Table 1-1. Comparison of general characteristics in violent and nonviolent criminals

(unit: No. (%))

Characteristics

Violent(N=111)

Nonviolent (N=89) Significance (¥>-test)

Age (yrs.) 20~29
30~39
40<

Residence Large city
Small city
Rural

Marriage Single
Married

Drinking capacity None

(liquor, 25 % alcohol) 1 cup
2 cup

3 cup and over

Smoking None
(cigarettes/day) 1~10
1<

55 (49.5) 33(37.1) N.S.
43 (38.7) 36 (40.4)

13(11.7) 20 (22.5)
62 (55.9) 63 (70.8) N.S.
25 (22.5) 13 (14.6)
24 (21.6) 13 (14.6)
63 (56.8) 35(39.3) p<0.05
48 (43.2) 54 (60.7)

12 (10.8) 15 (16.9) p <0.05
37 (33.3) 37 (41.6)
41 (36.9 32 (36.0)
21 (18.9) 5(5.6)

9(8.1) 9 (10.1) N.S.
33(29.7) 32 (36.0)
69 (62.2) 48 (53.9)

N.S.: Not significant

Table 1-2. Comparison of education, criminal history and tattoo in violent and nonviolent criminals

(unit: No.(%))

Characteristics

Violent (N=111)

Nonviolent (N=89) Significance (X?-test)

Primary school
Middle school
High school
College and over

Education

Criminal history None
1~2times
i<

Tattoo None
Have

30 (27.0) 27 (30.3) N.S.
33 (29.7) 19 (21.3)
39 (35.1) 28 (31.5)

9(8.1) 15 (16.9)
40 (36.0) 42 (47.2) NS.
24 (21.6) 20 (22.5)
47 (42.3) 27 (30.3)
73 (65.8) 76 (85.4) p < 0.01
38 (34.2) 13 (14.6)

AL45E Hal ERPL vlEo] 568%2 o
wgtor}, njEREe 71Eo] 60.7% 2 of Wb
T F2boll £21% Aol AR (p< 0.05). Q4
A AF FRe ERFo] o BE Ao e

2 (p<0.05), FAFL T Fokol F7F x)o]
7} et

FF FHL F Fol vt BE2E B A
e T 7t o B2 AR velgt



Table 1-3. Comparison of intelligence quotient (1.Q.) in violent and nonviolent criminals

(unit: No. (%))

Violent (N=94)

Nonviolent(N=73)  Significance (X2-test)

1.Q. 88> 45 (47.9) 28 (38.4)
89~111 37(39.4) 31 (42.5) N.S.
112< 12 (12.8) 14 (19.2)

Table 1-4. Mean and standard deviation of body weight, height and body mass index (BMI) of violent and non-

violent group

- Body measure Violent (N=111)

Nonviolent (N=89) Significance (t-test)

Body weight (kg) 66.3 + 8.44
Range Min. —Max.) (50~90)
Height (cm) 169.7 £ 5.32
Range (Min. ~Max.) (154~181)
BMI (kg/m?) 23.0 £ 2.27

Range (Min. —~Max.) (19.1~28.7)

68.2 + 9.09 N.S.
(50~95)

170.6 + 4.59 NS.
(160~183)

234 + 277 N.S.

(16.9~31.7)

N.S.: Not significant.
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Table 2. Comparison of mean and standard deviation of mineral contents in hair between violent and nonvi-

olent criminals (unit: ppm)
Violent”
Minerals A B C Total Nonviolent
(N=74) (N=17) (N=20) (N=111) (N=89)
Cadmium (Cd) 0.57 = 0.14" 049+ 0.15 0.54 + 0.13" 0.56 + 0.14* 042+ 0.20
Lead (Pb) 11.52+ 3.32" 11.06 £ 3.51 11.97 £ 2.75" 11.53 £ 3.32* 9.63+ 431
Copper (Cu) 915+ 4.25 10.59 £ 3.39 749+ 144" 9.07 + 3.85* 10.53 £ 5.82
Iron(Fe) 1591 £ 8.99 15.40 £19.04 1474 £ 7.98 15.63 £ 10.86 14.89 = 14.33
Znic(Zn) 131.72 +£ 14.76 129.13 £ 13.39 128.58 +15.20 130.75 £ 14.57 13248 £ 15.11
Magnesium (Mg) 94.98 + 31.37 107.13 + 44.80 92.56 £ 38.57 96.42 + 35.02 95.06 = 28.97
Sodium (Na) 50.28 + 44.49 73.44 £ 46.73 39.87 +30.99" 51.94 +43.51 59.52 + 33.81
Note) A group; presently, violent crime exctuded rape
B group; presently, nonviolent crime with violent criminal records
C group; presently, rape
1); Not significantly difference among A, B and C group by ANOVA
* 1 p<0.05, *; p<0.01; significance between violent and nonviolent group by t-test
1 p<0.05, " : p<0.01; significance between each A, B, C and nonviolent group by t-test
Table 3. Comparison of mineral contents in hair between violent and nonviolent criminals by age  (unit: ppm)
20~29 yrs. 30~39 40< ANCOVA
Minerals Violent Nonviolent Violent Nonviolent Violent Nonviolent Covariate  Main
(N=55) (N=33) (N=43) (N=36) (N=13) (N=20) Age effect
Cd 0.54 0.44 0.57 0.42 0.54 0.38 N.S. p<0.01
+0.14 +0.23 +0.14 +0.18 +0.13 +0.18
Pb 11.13 9.58 11.94 10.27 11.84 8.49 N.S. p<0.01
+3.19 +4.52 +2.87 +4.84 445 +2.47
Cu 9.08 11.21 8.93 v 9.69 9.49 10.97 N.S. p<0.05
+3.81 + 8.60 +440 +1.97 + 1.86 * 5.01
Fe 15.64 11.49 16.71 16.25 12.23 18.18 N.S. N.S.
+8.24 + 547 + 14.50 + 16.57 +5.10 +19.21
Zn 133.27 130.00 126.83 134.78 132.92 132.17 N.S. N.S.
+14.32 +14.02 +15.12 + 15.96 +11.92 +15.32
Mg 97.77 87.82 92.33 102.34 103.39 92.82 N.S. N.S.
+39.55 +23.06 + 32.79 +27.06 +19.70 +39.11
Na 56.31 47.16 4346 62.75 60.85 74.33 p<0.01 N.S.
+51.32 +23.70 + 26.57 + 34.50 + 50.78 +40.89

N.S.: Not significant
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Table 4. Comparison of mineral contents in hair between violent and nonviolent criminals by residence

(unit: ppm)
Large city Small city Rural ANCOVA
Minerals Violent Nonviolent Violent Nonviolent Violent Nonviolent Covariate Main
(N=62) (N=63) (N=25) (N=13) (N=24) (N=13) Residence  effect
Cd 0.56 0.42 0.52 045 0.59 0.39 N.S. p<0.01
+0.15 +0.19 +0.14 +0.25 +0.11 +0.19
Pb 12.05 9.69 10.58 10.21 11.23 8.85 N.S. p<0.01
+3.63 +4.32 +2.77 +5.67 +2.43 + 2.81
Cu 9.41 9.98 8.34 13.38 9.03 10.44 N.S. p<0.05
+4.12 +3.90 +2.03 +12.74 +4.63 +1.98
Fe 14.89 13.37 12.68 17.27 20.85 19.95 p<0.05 N.S.
+10.56 +10.32 +1.74 +18.34 +1540 *+2424
Zn 131.07 132.65 133.32 127.25 127.00 136.54 N.S. N.S.
+17.20 £13.62 +10.01 +20.01 +10.71 + 16.55
Mg 99.34 99.63 102.75 81.15 81.82 87.13 p<0.05 N.S.
' +3497 £2948 +38.18 +2482 +28.18  £26.01
Na 51.42 57.55 51.58 64.42 53.68 64.08 NS. N.S.
+44.49  +33.65 +37.59 +37.19 +48.86 +33.16
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Table 5. Comparison of mineral contents in hair between violent and nonviolent criminals by status of marriage

(unit: ppm)
Single Married ANCOVA
Minerals Violent Nonviolent Violent Nonviolent Covariate Main
(N=63) (N=35) (N=48) (N=54) Marriage effect
Cd 0.55 0.46 0.56 0.40 N.S. p<0.01
+0.14 +023 +0.14 +0.17
Pb 11.23 10.19 11.90 9.26 N.S. p<0.01
+323 +4.83 +3.25 +3.94
Cu 9.06 11.04 9.08 10.19 N.S. p<0.05
+4.02 +8.21 +3.68 + 348
Fe 16.99 12.22 13.87 16.65 N.S. - N.S.
+13.38 +6.27 +5.99 +17.61
Zn 132.79 128.65 128.17 135.04 N.S. N.S.
+12.80 +16.07 +16.32 + 14.02
Mg 98.65 92.06 93.55 97.10 N.S. N.S.
+ 37.51 + 30.16 + 31.71 + 28.26
Na 50.50 54.26 54.13 63.02 N.S. N.S.
+43.12 =+ 35.61 +44.37 +3243
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Table 6. Comparison of mineral contents in hair between violent and nonviolent criminals by drinking capacity

(unit: ppm)

None 1 cup #

2 cup 3 cup<

ANCOVA

Violent Nonviolent Violent Nonviolent
(N=12) (N=15) (N=37) (N=37)

Minerals

Violent Nonviolent

Violent Nonviolent Covariate Main

Cd 0.49 0.37 0.53 0.42
+0.11  0.16 +015 =£021

Pb 9.86 8.20 11.51 9.87
+242 276 +348 +447

Cu 9.10 13.99 9.12 9.88
+1.48 +12.40 +464 +£383

Fe 11.69 16.22 16.37 14.47
+404 +12.04 +14.08 +14.79

Zn 13427 129.53 131.09 127.86
+ 1033 +13.90 +1336 +1522

Mg 118.92 88.09 92.68 89.55
+3545 £26.17 +27.85 +30.61

Na 49.77 49.93 50.46 64.26
+49.09 1941 + 38.80 +39.68

+782 x16.12

(N=41) (N=32) (N=21) (N=5) Drinking  effect
057 043 061 058 p<00l p<00l
+012 £0.18 +0.15 +£032
11.74 9.69 12.04 12.64 p<0.01 p<0.01
+2.87 1405 +380 +8.46
9.63 10.12 7.78 7.96 p<0.05 N.S.
+421 +2.04 +1.67 +£0.85
1541 15.74 17.15 9.14 N.S. N.S.

+1295 257

127.88  140.00 134.16  128.60 N.S. N.S.
+18.10 *+13.30 +897 £14.38

89.73  106.07 105.36 90.61 NS. N.S.
+33.77 2761 ’

+44.03 +19.15

48.73 61.67 62.61 42.20 N.S. N.S.
+4335 =*x33.62

+50.13 +12.26

1 cup # : liquor, 25% alcohol 160 ml

2 E Rgch(p< 0.05).
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Table 7. Comparison of mineral contents in hair between violent and nonviolent criminals by tattoo (unit: ppm)

None Have ANCOVA
Minerals Violent Nonviolent Violent Nonviolent Covariate Main
(N=73) (N=76) (N=38) (N=13) Tattoo effect
Cd 0.54 0.41 0.59 0.48 p<0.01 p<0.01
+0.14 +0.19 +0.14 +0.24
Pb 11.41 9.60 11.76 ©9.80 N.S. p<0.01
+ 312 +4.17 + 3.50 +524
Cu 9.02 10.59 9.17 10.18 N.S. p<0.05
+3.51 +5.94 + 4.50 +5.30
Fe 15.34 15.49 16.15 11.66 N.S. N.S.
+11.90 + 1522 +8.75 + 7.66
Zn 129.76 132.06 132.61 134.85 N.S. N.S.
+ 1543 +15.75 + 12,79 +11.12
Mg 93.53 93.36 101.81 104.30 N.S. N.S.
+30.20 + 28.76 +42.53 +29.54
Na 53.22 60.89 49.51 51.92 N.S. N.S.
+44.16 +35.20 +42.77 +24.36

N.S.: Not significant

8qle a7l § 3teF(odds ratio =98.09)0] &
& 2 n]E&Y 4 (odds ratio=0.39), 3} (odds
ratio= 1.57)7} < 2, 7 F*4 (odds ratio=
0.46)°] & of o] FH¥A] Age Hol= A
o 2 vrepytch

&

ki

1
of“r

Furx 24 ek AW FEke] $a% A
52 453 glen, ofel AT e T
o % S A3 A HIS F
=9 AE2 Aeste AT} Be) Aldse] 2
o} (Klevay, 1973; Petering 5, 1973; Thatcher 5-,
1982). T4 1 FEe] AFH7) vlwd fold
¥ oldzt 5 AApye] dastx] ¢ow

;9,

(Hilderbrand ®} White, 1974), ¥ H o]} el A
AY FFE5F 2N AFAZe] #gA Yol
(Petering &, 1971), 1AW S35 SHHE 1
otsl7] fslMe Fie] of £ AH 2ol
3t} (Kopito 5, 1967).

v A S AR R Bel R Sle
o), FE e FF5 w20t A A 244 T
el e F55 ¢S Avhd wd ¥ Ziqst
o el oA E 7] sApEe] 7] dA
) o B Y = e K= R - R A= S ] Eak 2 d 20
SRS IFFE5F okd 2 Tl A=
T 25 o] "A 229 F5 SHFS
wed gl o) 7do] o] bS] o8 AAE L
glt}(Jaworowski %, 1966; Kopito 5, 1967;
Hammer 5, 1971; Klevay, 1973; Baumslag &,
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Table 8. Comparison of mineral contents in hair between violent and nonviolent criminals by 1.Q.

(unit: ppm)

88 > 89~111 112 < ANCOVA
Minerals Violent Nonviolent Violent Nonviolent Violent Nonviolent Covariate Main
(N=45) (N=28) (N=37) (N==31) (N=12) (N=14) LQ. effect
Cd 0.63 0.42 0.50 0.48 0.41 0.33 p<0.01 p<0.01
+ 0.11 +0.21 +0.13 +0.22 +0.11 +0.08
Pb 12.46 9.86 10.66 10.63 9.67 8.01 p<0.05 p<0.05
+3.38 +4.77 +2.84 +4.98 +2.20 + 2.66
Cu 8.60 9.34 923 10.39 8.81 10.05 N.S. N.S.
+ 3.64 =+ 1.51 +3.93 +1.92 +4.99 +5.13
Fe 15.37 12.93 13.97 16.72 21.15 12.66 N.S. N.S.
+ 7.67 +9.85 +653 1775 +22.70 +6.17
Zn 130.33 132.00 131.82 133.87 136.20 132.15 N.S. N.S.
+ 15.21 +14.23 + 13.86 =+ 14.89 +12.37 + 15.09
Mg 98.55 92.45 95.41 100.49 103.27 97.98 N.S. N.S.
+3978  +£24.76 +26.17 x£31.91 +3552 *31.53
Na 57.38 61.22 49.75 65.97 43.25 43.46 N.S. N.S.
+ 5428 +29.74 +3747 +£38.77 +3398 +1587

Table 9. Comparison of T-score (mean * S.D.) of MMPI of violent and nonviolent criminals

Clinical scale

Violent (N = 94)

Nonviolent (N = 67)

Hs (Hypochondriasis) 50.5 £ 10.1 48.7 + 10.6
D (Depression) 496 + 9.0 47.0 + 10.9
Hy (Hysteria) 494 + 100 488 + 11.6
Pd (Psychopathic deviate) 569 £ 9.9* 528 + 104
Mf (Masculinity-Femininity) 50.5 + 9.0 53.7 + 9.1*
Pa (Paranoia) 50.3 + 8.5 49.2 + 8.2
Pt (Psychasthenia) 485 + 94 478 + .99
Sc (Schizophrenia) 499 + 8.7 470 = 84
Ma (Hypermania) 489 + 8.8 491+ 79
Si  (Social introversion) 477 £ 9.6 48.3 + 10.3
*p<0.05

1974).

N2 o, FAA N EAC} AL
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Table 10. Frequency distribution of violent and nonviolent criminals by T-score of MMPI

(unit: No. (%))

< 45 45~59 60 <
Clinical scale X2-test
Violent  Nonviolent Violent ~ Nonviolent Violent ~ Nonviolent
Hs 29 (30.9) 28 (40.6) 47 (50.0) 31 (44.9) 18 (19.1) 10 (14.5) NS.
D 29 (30.9) 31 (44.9) 51 (54.3) 27 (39.1) 14 (14.9) 11 (15.9) NS.
Hy 25 (26.6) 29 (42.0) 54 (57.4) 28 (40.6) 15 (16.0) 12 (17.4) NS.
Pd 9(9.6) 17 (24.6) 48 (51.1) 32 (46.4) 37 (39.4) 20 (29.0) p<0.05
Mf 22(23.4) 11 (15.9) 58 (61.7) 40 (58.0) 14 (14.9) 18 (26.1) N.S.
Pa 25 (26.6) 21 (30.4) 57 (60.6) 41 (59.4) 12(12.8) 7 (10.1) N.S.
Pt 39 (41.5) 30 (43.5) 40 (42.6) 25(36.2) 15 (16.Q) 14 (20.3) N.S.
Sc 30 (31.9) 33 (47.8) 48 (51.1) 29 (42.0) 16 (17.0) 7(10.1) NS.
Ma 26 27.7) 11(15.9) 56 (59.6) 53 (76.8) 12(12.8) 5(7.2) N.S.
Si 36 (38.3) 24 (34.8) 48 (51.1) 37 (53.6) 10 (10.6) 8 (11.6) N.S.
Table 11. Comparison of mineral contents in hair between violent and nonviolent criminals by T-score of MMPI
(unit : ppm)
Pd (Psychopathic deviate) scale
< 45 45~59 60 < ACNOVA
Minerals
Violent  Nonviolent Violent  Nonviolent Violent  Nonviolent Covariate Main effect
Cd 0.49+ 0.11 0.52% 0.27 0.56+ 0.12 041% 0.17 0.58+ 0.16 036+ 0.17 N.S. p<0.01
Pb 994+ 202 11.69+ 598 11.63+ 273 899+ 3.84 1205+ 408 933+ 389 NS. p<0.01
Cu 8.14+ 1.84 993+ 1.92 946+ 522 10.55% 3.57 872+ 285 875+ 1.16 N.S. NS.
Fe 17.64+£11.46 15.31t16.15 1693+£1294 15.60%13.76 13.19+£ 380 12.58% 9.67 NS N.S.
Zn 123.33+19.74 135.88+17.42 130.76 £13.70 135.10+ 9.75 133.79%13.27 126.11+17.60 NS. N.S.
Mg 81.56+30.36 97.24+29.90 97.71+37.74 93.14%19.76 104.90£33.65. 100.56 +41.85 NS. NS.
Na 433343227 51.31+23.77 57.661+54.52  61.03+£34.28 47.53+36.02 66.32+39.23 N.S. N.S.
Mf (Masculinity-Femininity) scale
Cd 054+ 0.14 0.54% 0.28 0.55+ 0.14 0.40% 0.18 0.61+ 0.13  0.43% 0.22 N.S. p<0.01
Pb 11.10+ 311 1242% 7.18 11.52+ 329 894+ 345 1296+ 3.50 10.20+ 4.68 N.S. p<0.01
Cu 9.66+ 574 11.86+ 5.85 894+ 387 992+ 1M 845+ 1.80 8.63%+ 0.93 NS. NS.
Fe 17.51 £ 8.59 16.27£19.60 14901137 15.48+13.81 1497+ 747 11.76%+ 521 N.S. N.S.
Zn 128.71+10.95 140.40+17.49 132.24+14.76 132.92+11.33 130.42+£18.27 127.19+18.87 N.S. N.S.
Mg 102.61+43.02 91.62+25.84 99.01+35.67 97.91+30.49 91.35+£21.82 95.69+32.45 N.S. N.S.
Na 56.45+ 54.90 49.90i26.37 53.55+46.92 67.64+37.05 39.67+£19.28 48.44+23.68 N.S. N.S.
Sc(Schizophrenia) scale
Cd 050+ 0.12 047% 0.24 055+ 0.13  036% 0.14 069+ 0.12 049+ 0.25 p<0.01 p<0.01
Pb 1071+ 271 10.30+ 5.74 11.57+ 292 863+ 2.76 13504 449 1248+ 4.33 p<0.05 p<0.01
Cu 9.05+ 429 1067t 3.72 896+ 425 9.29%+ 1.21 923+ 390 9.04+ 1.94 N.S. NS.
Fe 1568+ 9.72 1692+17.16 1543+11.78 12.02+ 6.64 1545+ 6.83 15.29+13.42 N.S. N.S.
Zn 132.27+£15.26 136.30+14.35 128.35+12.77 130.86+10.46 137.29£15.92 124.29+26.29 N.S. N.S.
Mg 110.21+43.41 96.68+25.58 89.92+29.74 100.94+32.90 102.29+29.85 76.78+30.81 NS. N.S.
Na 553245236 54.13+26.03 50.08+44.72 63.32+38.28 52.86+£38.63 73.57+41.68 NS. N.S.
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Table 12. Correlation matrix among content of minerals in hair
Cd Pb Fe Zn Mg
Pb 0.7241*
Cu —0.0265 0.0885
Fe 0.0505 0.0749 0.1890*
Zn —0.0407 -0.0651 —0.0088 —0.0591
Mg —0.0315 —0.0658 —0.1633* —-0.2152= 0.4842*
Na —0.0456 0.0776 0.2384* 0.3446* 0.3446* 0.0693

*:p<0.05, *:p<0.01

Table 13. Variables significantly correlated with inclination of violence (nonviolent =0, violent=1) by multiple

logistic regression analysis

Exp(B)

iabl B S.E. .
Variables (Odds ratio) p-value
Cd content 4.59 1.160 98.09 0.000
Marriage" —0.94 0.384 0.39 0.015
Criminal history” 0.45 0.220 1.57 0.039
Residence” —-0.81 0.397 0.44 0.040

1) Single =0, Married =1
2) None=0, 1-2=1, 3 and over =2
3) Rural =0, Large city =1
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199213 109744 dFasse 78 AHEF
3ol FA R FA Aaxt2A FHP R} (A,
7, 737Y, s, FHY Y 5 2 FYEFR
T3 2 AR = ole}h e TS A
7} e A 11133 v ZHE 2 (A7), 2 E,
=%y Sk 75 59 2 AR I
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