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Copper, Zinc, and Aluminium Level in Scalp Hair Samples of
Daegu and Kyungbuk Residents

Minjeong Kim and Kisok Kim'

Department of Public Health, Keimyung University, Daegu 704-701, Korea

Although copper and zinc are essential metals for human health, excessive level of these metals is toxic. Besides,
aluminum is known to induce various adverse health effects including neurological disorders. Therefore, monitoring the
human body burden of these metals is important in preventing adverse health effects. In this study, we assessed the
exposure to copper, zinc, and aluminum among an adult population residing in Daegu and Kyungbuk areas. Based on
data from 171 participants, we found that the geometric mean copper, zinc, and aluminum concentrations in hair were
15.1 pg/g [95% confidence interval (CI): 13.1~17.5], 76.9 (95% CI: 70.4~84.1), and 1.11 pg/g (95% CI: 0.81~1.51),
respectively, The copper concentrations in hair were significantly related to age, education, and residence area. In
addition, zinc concentrations in hair were significantly related to age, whereas higher hair aluminum concentrations
were related to alcohol drinking. Correlations between copper and zinc in hair had a significant positive correlation. Our

findings suggest that the body burden of copper, zinc, and aluminum varies according to demographic factors, and hair
could be used as a valuable biological medium for metal exposure.
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inductively coupled plasma-mass spectrometer (ICP-MS,
ELAN 9000, Perkin Elmer, USA)Z 2], o}, ¢Fv|H-&
Table 1. ICP-MS operating conditions

Description (’:,l;ﬂrs;lt VS;E;; tirsneet?gegc )
Nebulizer gas flow 09 0.01 10
Lens voltage 5.75 0.25 0

ICP RF power 1300 25 15
Analog stage voltage -2120 -100 2

Pulse stage voltage 1100 50 2
Discriminator threshold 55 5 2

AC rod offset -2.5 0.5 0
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Table 2. Hair copper concentrations in adults by demographic characteristics

- -
2 Hx

171 918 W Adte] BAo= SAS (V 9.1) BAZZIHE 0|83}
Sttt Slom 7} Ewiae dEE S459 7|3 (geometric
yel mean)¥ 95% AFH TS T

H|3}7] 913l Ptest WHOE #4& st FE
A7 &
] ojgh

=] (reference)]

Geometric mean

; Adjusted proportional change

Variable No. [ug/z (95% CD)] J [ug?g (I; 5% CDJ* & P-value®

Total 171 15.1(13.1~17.5) -

Sex 0.262
Male 37 11.7 (8.8~15.5) 1.00 (reference)
Female 134 16.2(13.7~19.2) 1.26 (0.84~1.88)

Age (years) <0.001
20~49 36 33.8(20.8~54.9) 2.02(1.32~3.10)
50~69 63 13.1(11.3~15.3) 0.73 (0.57~0.95)
>70 72 11.4(9.7~13.4) 1.00 (reference)

BMI 0.718
<23 84 15.6 (12.5~19.4) 0.96 (0.78~1.18)
>23 87 147 (12.1~17.9) 1.00 (reference)

Education 0.024
< middle school 120 17.0 (14.0~20.5) 1.39 (1.04~1.84)
> middle school 51 11.5(9.7~13.8) 1.00 (reference)

Cigarette smoking status 0.047
Yes 59 16.8 (13.0~21.7) 1.26 (1.00~1.58)
No 112 143 (12.0~17.1) 1.00 (reference)

Alcohol drinking status 0.571
Yes 56 15.5(11.8~20.5) 0.94 (0.76~1.17)
No 115 14.9 (12.6~17.7) 1.00 (reference)

Dietary patterns 0.070
Vegetables 101 14.1 (11.9~16.7) 0.82 (0.67~1.02)
Others 70 16.7 (12.8~21.6) 1.00 (reference)

Tea/Coffee consumption 0.981
Yes 109 152 (12.6~18.4) 1.00 (0.79~1.25)
No 62 14.9(11.9~18.6) 1.00 (reference)

Residence <0.001
Daegu 105 10.0(9.2~11.0) 0.39 (0.31~0.49)
Kyungbuk 66 29.0 (21.7~38.7) 1.00 (reference)

“The exponentiated B-coefficient from a log-linear multiple regression that includes all covariates in the table with hair perm and hair

dyeing. ® P-Values from F-test for difference in geometric mean concentrations between groups.
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Table 3. Hair zinc concentrations in adults by demographic characteristics

. ic mean Adjusted proportional change

Variable No. ﬁf;;ng;&né)] J {ng?g (gg% cn g P-value®

Total 171 76.9 (70.4~84.1) -

Sex 0.573
Male 37 75.5 (67.0~85.0) 1.00 (reference)
Female 134 773 (69.3~86.2) 1.08 (0.83~1.38)

Age (years) 0.003
20~49 36 1159 (94.9~141.5) 1.69 (1.25~2.28)
50~69 63 77.2 (67.3~88.5) 1.16 (0.90~1.50)
=70 72 62.5 (55.2~70.7) 1.00 (reference)

BMI 0.309
<23 84 76.6 (66.7~88.0) 0.91 (0.77~1.09)
>23 87 77.2 (68.8~86.7) 1.00 (reference)

Education 0.325
< middle school 120 845 (75.8~94.3) 1.12(0.89~1.41)
> middle school 51 61.7 (53.6~71.0) 1.00 (reference)

Cigarette smoking status 0.771
Yes 59 82.8 (69.8~98.2) 1.03 (0.85~1.25)
No 112 74.0 (66.8~82.1) 1.00 (reference)

Alcohol drinking status 0.224
Yes 56 76.4 (66.7~87.4) 0.91 (0.78~1.06)
No 115 77.2 (68.7~86.7) 1.00 (reference)

Dietary patterns 0.708
Vegetables 101 76.9 (69.3~85.4) 0.97 (0.82~1.15)
Others 70 76.9 (65.5~90.3) 1.00 (reference)

Tea/Coffee consumption 0.456
Yes 109 79.8 (70.8~90.1) 1.07 (0.90~1.27)
No 62 72.1 (63.5~81.9) 1.00 (reference)

Residence 0.267
Daegu 105 71.7 (64.4~79.8) 0.90 (0.75~1.08)
Kyungbuk 66 85.9 (73.6~100.3) 1.00 (reference)

*The exponentiated B-coefficient from a log-linear multiple regression that includes all covariates in the table with hair perm and hair

dyeing. ® P-Values from F-test for difference in geometric mean concentrations between groups.

-326 -



17.0 (14.0~20.5)%} 115 9.7~13.8)2 W&F5300] e
do] FAFH R fFoJstA ) e Feot
o BAv A Wslg w8 Fotu olste] ugsE
o] T ol < ol nish 1.39 (1.04~1.84)8) ¢
ETE T, AF AY 3 Aole et AR 730}
Hytol 2z} 100 (9.2~11 0)94» 29.0 (21.7~38.7)°1%
BA RS B3 A5 Hl8) T AF %&l%«% T+
2] F%71 039 (0.31~o.49)uH ZI-51e=3
+ AFelA dEhd gyt B ) e R
Chojnacka 5 (2005)©] AAIZE Abghe] 2wk o gurael
T8 % 9 13~35 pg/g@ 92844 2™ Rodushkin
3} Axelsson (2000)°] 114%S tiAto 2 FALe 2k A

=R %¢ 1ol 85~96 pg/goll T UCE A
o] &S ¥ U 78 &I e B AT
A= AAd %—9] AR g o U e} g AFH 4
ogk Aoz AlsEth 18U Sreenivasa 5 (2002)9] B
A E IEAFAY 2 ) 7wt AF S
9} vlEo] E718H A Takeuchi 5 (1982)0] YEQIL o
oz FAG AFeME A#e Frbd wet e

ool F7hSRE A& wns. oleld Folt Ao, g

A, AFME Aolol A 71918 Ao et we

olst ohed T BAAMe] EWFE 48Y F 9l
[e)

v Galg) e e FRe FANA e 7

2=
e A

k1 r\r

%’{

Table 4. Hair aluminum concentrations in adults by demographic characteristics

Variable No. Efg(}rgn‘(jgg"c/&eg? A djustffg;/)gr%g&;ﬁog%l}g hange P-value®

Total 171 19.0(16.9~213) ~

Sex 0.756
Male 37 21.2(15.6~28.9) 1.00 (reference})
Female 134 18.4(16.3~20.9) 1.08 (0.67~1.74)

Age (years) 0.547
20~49 36 18.1(13.6~24.1) 0.79 (0.52~1.21)
50~69 63 18.9(15.9~22.4) 0.90 (0.66~1.23)
270 72 19.6 (16.1~23.8) 1.00 (reference)

BMI 0.290
<23 84 20.2(17.0~24.1) 1.14 (0.89~1.45)
223 87 17.9(15.2~20.9) 1.00 (reference)

Education 0.360
< middie school 120 181 (15.6~21.1) 0.87(0.65~1.17)
= middle school 51 21.1(17.7~25.1) 1.00 (reference)

Cigarette smoking status 0.778
Yes 59 19.6 (162~23.7) 1.04 (0.81~1.32)
No 112 18.7(16.1~21.7) 1.00 (reference)

Alcohol drinking status 0.012
Yes 56 23.3(18.7~28.9) 1.38 (1.08~1.76)
No 115 17.2(15.0~19.8) 1.00 (reference)

Dietary patterns 0.663
Vegetables 101 18.6 (16.0~21.7) 0.95 (0.75~1.20)
Others 70 19.5(16.1~23.6) 1.00 (reference)

Tea/Coffee consumption 0.088
Yes 109 17.9(15.4~20.8) 0.82 (0.66~1.03)
No 62 21.1(17.5~25.4) 1.00 (reference)

Residence 0.277
Daegu 105 18.0(15.7~20.7) 0.85 (0.64~1.14)
Kyungbuk 66 20.6 (16.6~25.6) 1.00 {reference)

*The exponentlated B-coefficient from a log-linear multiple regression that includes all covariates in the table with hair perm and hair
dyeing. ® P-values from F—test for difference in geometric mean concentrations between groups.
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Fig. 1. Correlations between concentrations of copper (Cu) and
zinc (Zn) concentrations in hair (n=171). Dotted lines denote 95%
confidence intervals for regression line.
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