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ABSTRACT

Minerals play important roles in biological processes. Hair mineral analysis has the advantages of conveniences in
sampling and observing the profiles of multiple minerals simultaneously. The purpose of this study was to compare hair
mineral contents between urban and local middle school students, and to find out the relation with nutrient intakes and
clinical symptoms. Ten nutritional minerals and 7 environmental mineral contents were analyzed in the hair samples of
44 and 37 male students who resided in urban and local area, respectively. And their nutrient intake and clinical symptom
score were estimated from questionnaire. The average age, height, and weight were 15.1 years, 168.4 cm, 56.8 kg in
urban subjects and 154 years, 169.1 cm, 61.9kg in local subjects, respectively. The residence types were apartment
(63.6%) and small-sized apartment (22.7%) in urban subjects and apartment (51.4%) and house (37.8%) in local subjects.
The primary water sources were purified water (38.3%), running water (18.2%) in urban subjects and purified water
(32.4%), underground water (27.0%) in local subjects, respectively. Daily energy and nutrient intakes were not
significantly different between two groups. Among the surveyed 17 clinical symptoms, the scores of constipation, cold,
anxieties and total score of clinical symptoms in urban subjects were significantly lower than those in local subjects. Hair
contents of Na, Mg, Ca, Cu, V, Al, As were significantly higher, while U was lower in urban subjects compared to those
in rural subjects. Hair contents of Ni and U were significantly correlated with food intake, and Cr, V, Al, Sb, As, U
showed a correlation with energy intake. Hair Mg level showed significantly negative correlation with total clinical
symptom score. In conclusion, hair mineral profile between urban and local students was significantly different. And
some of these minerals were significantly correlated with food and nutrient intakes. Especially hair magnesium was
significantly correlated with total clinical symptom score. Therefore, hair mineral levels would be needed for more
systematic study elucidating potentiality as a useful clinical tool. (Korean J Community Nutrition 12(2) : 133~141, 2007)
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b5 AEY fA 9 2- ) ol ke FHE S8
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cm AT 2P| i F0i2 g A7 =28 AR
o] #2490 Hgstth(Watts 1995). Flesh(1954)7}F 14
W F245 53 ARE TS A5 AMEE o} 2 T2kl of
3 B2 A7 WA He) 19783 ZAI YA (TAEA)
oMz ofn| Tkl M 2B FAE W AF S AAT
“defoltk (Ryabukhin 1978).

S Eks AR £997] (Inductively Coupled
Plasma Atomic Emission Spectrometry, ICP—AES)
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732 Table 1, 29} 2t} A ABL2 A F3H4 15.1
A, A S 15.44) o]glom, AT AFE EA| T8
A 168.4 cm, 56.8 kg, A% F8H4¥ 169.1 cm, 61.9 kg
o7 F 77 F23 Atol7t QAGlth @ F AKX o] AFgt 7]
e EA T8 97T, zl‘ﬂ S84 847101l F

AR =X FHAY AF ol E 63.6%, AHFH
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37.8%E - T¥ell 913k x}o)7} UATHD < 0.05). A+
A8 oA S A9 ATE 38.3%, = 18.2%
Q1 ubd | X|u S H4E 32.4%, ASkF 27.0%2 F
T 7rel F-8J 8 2pol & Bk (p < 0.001).

Table 1. General characteristics of the subjects

Variables Urban Local Total
7)A BRI AP n =44 0 = 57) 0 =8))
Agefyears) 1571 = 0.89Y 1535+ 0468 1522+ 0.81
I Height (cm) 168.41 £ 6.92 169.05 £ 621 16870 £ 6.03
4, BHEN Weight (kg) 56.84 £ 9.89 6192+ 1396 59.19 £ 12,14
& A5 B3 Dol EE A= SAS programe ©  peiodof 9695 + 6543 84.39 + 6531 91.43 £ 65.23
B3 Fos FZRAE Tk e, 2AS A A residence
9] Zjol= A%x1E M4d $ unpaired t—testE, B|A (months)
24 W5Y ALoE yi—testE, BFTY AHAde 1) Meoan+ D
Table 2. Domestic characteristics of the subjects n (%)
Characteristics Criteria Urban Local Total subjects Significance
Double income family Yes 16 (43.24) 19 (51.35) 35 (47.30) x? = 0.4879
No 21 (56.76) 18 (48.65) 39 (52.70) (df=1)
NLS.
Residence type House 5(11.36) 14 (37.84) 19 (23.46) ¥2 = 9.0204
Small sized apartments 10(22.73) 4(10.81) 14(17.28) (df = 3)
Apartment 28 (63.64) 19 (51.35) 47 (58.02) p < 0.05
Other 1(227) 0{ 0.00) 1(1.23)
A kind of drinking water Running water 8(18.18) 2( 5.41) 10(12.35) x% = 25.5815
Underground water 0( 0.00) 10(27.03) 10(12.35) (df =
Mineral water 1(1.23) 5(13.81) 6( 7.41) p < 0.001
Purified water 31(38.27) 12(32.43) 43 (53.09)
Other 4( 4.94) 8(21.62) 12(14.18)
Frequency of Everyday 6(16.67) 3(11.54) 9(14.52) x2 = 1.7599
secondhand smoke 4 - 6 days/week 4(11.11) 3(11.54) 7(11.29) (df =3)
1 — 3 days/week 3( 8.33) 5(19.23) 8(12.90) N.S.
Never 23 (63.89) 15 (57.69) 38 (61.29)
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Table 3. Eating pattems of the subjects n (%)
Charac- Citeria  Urban Local Total  Significance
feristics subjects
Number of medls per week
Breakfast 7 21 (47.73) 19(51.35) 40 (49.38) %2 = 3.8685
5-6 6(13.64) 8(21.62) 14(17.28) (df=4)
3-4 6(13.64) 2(541) 8( 9.88) N.S.
1-2 9(20.45) 8(21.62) 17 (20.99)
0 2( 455 0(000) 2(247)
Lunch 7 32(72.73) 31(83.78) 63(77.78) x* = 6.5508
5-6 6(13.64) 5(13.51) 11(13.88) (df=2)
<4 6(13.64) 1( 270 7( 8.64) N.S.
Dinner 7 37 (84.09) 28 (75.68) 65 (80.25) x* = 1.3177
5-6 5(11.36) 5(1351) 10(12.35) (df = 3)
3-4 1(227) 2(541) 3(370) N.S.
<2 1(227) 2(541) 3( 370
Reguiarty  Yes 17 (38.64) 21 (56.76) 38 (46.91) x% = 2.6499
of meal No 27 (61.36) 16(43.24) 43(53.09) (df=1)
N.S.
Reasonfor Lackof 13(39.39) 8(40.00) 21 (39.62) %2 = 7.3662
imeguiar fime (of = 3)
or Poor 10(30.30) 5(25.00) 15(28.30) N.S.
skipping appetite
medals Eating  9(27.27) 2(10.00) 11 (20.75)
habit
Other 1(3.03) 5(25.00) 6(11.32)
Unbalanced Yes 19 (45.24) 14(37.84) 33(41.77) %= 0.4429
diet No 23 (54.76) 23(62.16) 46(58.23) (df=1)
N.S.

Table 4. Daily nufrient intakes of the subjects

Nufrients Urban (n = 44) local(n = 37)  Total(n = 81)

Energy 17780 + 665.0" 18924 £ 4992 18290+ 595.7
{kcal)

Profein 656+ 268 745+ 265 696 269

Pl(cgnlr]w'r 345+ 157 377 124 359% 143
profein (g)

Animal 311+ 175 368+ 187 336=x 181
protein {g)

Fat 498 + 28.6 532+ 205 513x 252

Pl[c?r)ﬁ ol 2566+ 190 297+ 142 274+ 171

A(ngi:nol fat 242x+ 172 235 133 239% 155

C(Sélesterol 313.7 + 2345 3705+ 1917 3390 2169
m

C[orgg)hy— 2714+ 952 2812+ 649 2758+ 827
drate (g)

Fitber 152+ 83 173 7.4 161 % 7.9

A(s%] 159+ 7.4 198 = 72% 176+ 75
@

Ca 4791 £ 2799 4947 + 2937 4861 = 2842
(mg)

PlantCa 2276+ 1348 2521 % 1322 2385* 133.3
m

A(ningc)nl Ca 2515+ 2294 2426+ 2147 2476+ 2215
m

P( J 8928+ 3696 9819+ 3775 9325+ 3733
(mg)

Fe 164+ 251 1.7 & 49 143 190
(mg)

Plant Fe 135+ 251 82+ 36 111+ 189
(mg)

Animal Fe 29+ 1.8 35+ 2.1 32+ 19
(mg)

Na 3689.0 £ 1776.8 44721 + 1686.1 4038.2 + 1769.1
m

K( J 1930.6 £ 9294 22339 936.5 20659 + 9385
(mg)

n 7.6 29 82 29 79+ 29
(mg)

Vilamin A 5189 = 3425 6640+% 3432 583.6+% 3481
(g RE)

Vitamin B, 1.1+ 0.6 13 0.5 11+ 0.6
(mg)

Vitamin B, 1.0+ 0.5 1.2% 05 1.1 + 0.5
(mg)

Vitamin B, 16 0.8 19+ 08 18 0.8
(mg)

Niacin 13.1 & 70 14.9 = 63 139% 6.7
(mg)

VitaminC 575+ 427 720+ 556 640x 491
m

Fc[)lo?e) 189.7 £ 1057 1958 1040 1924t 1043

Vﬁrpcl:%\in E 120 £ 7.9 13.9 + 69 129% 7.5
(mg)

1} Mean = SD

* p < 0.05: significant difference between uroban and local
subjects by t-test,



Table 5. Clinical symptoms of the subjects
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Table 6. Hair mineral levels of the subjects

Clinical Urban Local Totai a
symptoms (n=44) n=237) (n=81) coefficient
Gltroubles  1.39 + 058" 1.41 + 0,50 140 + 054 0.8654
Consti- 114+ 041 138059 125+051 0.8664
pation
No appetite  1.30 £ 051 1.32 + 0.53 1.31 £ 051 0.8679
Diorhea 1.34 £ 0.53 1.53 £ 0.65 143 £ 059 0.8642
Tredness 170+ 070 1.61 £ 0.77 1.66 £ 0.73 0.8575
Heawlegs 145+ 0.66 159 = 0.69 152+ 0.67 0.8549
Weakness 166+ 0.64 1.78 £ 0.67 172+ 0.66 0.8579
Headache 158 £ 0.66 1.76 + 0.72 1.66 £ 0.69 0.8603
Dizziness 152+ 063 175+ 073 1.63 £ 0.68 0.8596
Cold 145+ 059 1.97 £ 0.74** 169 £ 0.70 0.8648
Sleeping 167 £ 066 1.76 £ 076 1.65 £ 0.71  0.8640
frouble
Benumbed 1.34 £ 053 1.49 = 0.61 141 £ 057 0.8570
hands or
feet
Fast heart 1.20 £ 0.41 1.42 = 0.69 1.30 £ 0.56 0.8600
beat
Swollenlegs 1.14+ 0.41 1.03x 016 1.09 £ 032 0.8678
Anxieties 155+ 066 189+ 066 170+ 0.68 0.8603
Uneasy 1,66+ 0.68 189+ 066 1.77 £ 068 0.8586
feelings
Sore eyes 132+ 047 141 £ 060 1.36 £ 0.53 0.8618
Total clinical 24.40 + 5.68 27.45+ 6.12 2572 + 6.03
symptom
score*
1) Mean £ SD

* p<0.05 #** p<0.001: significant difference between
urban and local subjects by t-test,

o AW Z8PS) 19.8 gHth FskA werou}
(p < 0.05) 7 4te] P AT 7 7ho] 418 3
o)7} Ui,

3 HYEY

TAI9} Aol AFshe @At S8 QdS el tigt
A= Table 58 2ok 1770 944524 5 8], 7], /5
2] A9 A Faho] A FEAY R o] 5HA Wtth
(p <0.05, p <0.001, p<0.01). 177} & J=A A
T EA o] A FSAAHRT FoEHA Wt
(p < 0.05).

4. 5% 3 2N oY

STAI9} Aol AFshs WA T T F 5714 §
2 Table 63} Zch UER, vhdlg, 24, 72, vt
., €305, B4 §EE &A F8ho](p < 0.001,
p <0.001, p <0.001, p <0.05, p<0.05, p<0.01,
p < 0.001), $2H5 s== = S840 (p < 0.001)
2&HA 34t

Hair Urban Local Total
minerals (n=44) (n=237) (n=181)

Na 162,37 + 128.55" 69.25 £ 106.88***121,12 £ 127.50
(o)

Mg 48,15+ 3589 1792+ 13.04** 3476t 31.82
(;pom)

Ca 564,01 £ 237.69 299.95+ 206.75***%447.02 + 284.22
(pom)

Fe 3376+ 2340 43.19x% 96.19 3794+t 6601
(PP}

Cu 1436+ 28.77 450+  3.00* 999+ 2201
{pPm)

n 5036+ 1247 53.60+ 126.85 5179+ 84.28
(pem)

Ni 299+ 218 255+ 444 280+ 3.36
{(pPmM)

Cr 468+ 325 367 642 423+ 490
(Pom)

Mn 153.46+ 171.05 183.41+ 22470 166.56 + 189.83
(ooD)

\ 6042+ 3395 3802+ 5209* 5049+ 44.08
(oob)

Al 1178+ 7.16 721 £ 621** 975+ 7.09
(oom)

Sb 107.63 £ 9327 8786t 139.19 98.90+ 11540
(pom)

Po 1059+ 1612 6431 = 281.88 34,39 + 188.41
(oM}

As 9318+ 7151 3696+ 34.54** 6827 & 64.26
(opb)

Ba 553.74 £ 45057 289.11 + 29222 500.82+ 434.14
(pb)

m 1871 17.84 1590%+ 23.87 17.42 £ 20.57
(;opb)

U 87.15+ 56392 35223 £ 401.55***+227.97 + 321.83
(Pob)

1) Mean * SD

* p < 0.05, **: p<0.01 ** p<0.001: significant difference
between urban and local subjects by t-test.

5 58 3 RN oEm IYMH W o 8

AAGIALY] TE F F71d @9 @8 F )
Aol )3+ Ak Table 73 2t YA, $ehg gk 4
E 3% (p <0.05, p < 0.05), I, vhtE, &30,
QFEIE, H] &, $EhE %92 uA AHFT(p <0.05,
p < 0.05, p <0.05, p < 0.05, p <0.05, p < 0.01) <
3 A AAAAE BTh AFHFS T YER, 24,
A, ot Tk F TR 7hzte] Br1A AH T {28t
ABAAE Bolx| gty T8} Ae)] AFshe ERt 2
Aol Fuk 3 771 S Atk Adadel oist
ZA 3= Table 804 B el o] AAuldte] glof uf
vl o] F QS B g ol dRaAE
H3AtH(p < 0.05).
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Table 8. Correlation coefficient between hair mineral levels and
total clinical symptom scores of the subjects

Hair Urban Local Total subject

minerals (n = 44) (n=237) (n=81)
Na -0.1468 0.0943 -0.1281
Mg -0.2391 0.0531 —0.2442*
Ca -0.2478 0.0671 -0.2176
Fe -0.1073 0.0231 -0.0143
Cu 0.0817 -0.0366 0.0018
n -0.0464 -0.2189 -0.1404
Ni -0.1652 -0.1146 -0.1350
Cr -0.1312 0.0341 -0.0477
Mn 0.1038 0.0717 0.1009
\ -0.0671 0.0826 -0.0412
Al -0.1208 0.1445 -0.0845
Sb -0.1288 -0.0093 -0.0771
Pb -0.2304 -0.1947 ~0.1007
As -0.1751 0.2600 -0.1467
Ba -0.1257 0.4968 -0.0748
T 0.1688 -0.0421 0.0236
0] 0.2049 -0.0590 0.0758

1) Mean % SD

* p < (0.05: significant corelation by Pearson's correlation
coefficient {1).
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