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Characteristics of Heavy Metal Contents in Human Hairs of Mine Contaminated

Areas in Nandan County

TIAN Mei-ling' , ZHONG Xue-mei’, XIA De-shang”, FU Feng-yan', LU Su-fen', LI Li', SONG Bo'"*"

(1. College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, China; 2. College of Earth
Sciences, Guilin University of Technology, Guilin 541004, China; 3. Guangxi Key Laboratory of Environmental Pollution Control
Theory and Technology, Guilin 541004, China)

Abstract: Nandan county is usually called “land of nonferrous metals”. In order to discuss the impact of mining activities on the
health of inhabitants in Nandan county, 200 human hair samples were collected from 4 villages ( Liuzhai is a uncontaminated contrast
areas, Chehe, Dachang and Zhanglao are contaminated areas) of Nandan and analyzed for contents of As, Sb, Cd, Pb, Cu and Zn.
The results showed that the average contents of As, Sh, Cd and Pb were 1.260, 2. 161, 2. 466 and 20. 92 wg+g™" in the human hair
samples from contaminated areas. They were 4.0, 20, 2. 1 and 1. 9 times higher than those in the contrast areas, and the Sb contents
in human hair of Chehe and Dachang were higher than the recommended normal range. The contents of human hair Zn showed a
negative correlation with the age of people (P <0.05) , and contents of human hair Cd and Pb showed a weak negative correlation with
the age of people in contaminated areas (P < 0.1). The independent-samples i-test showed that Cd contents in male hair were
apparently higher than those in female hair (P <0.05) , however, Cu and Zn contents in female hair were apparently higher than those
in male hair (P <0.05), in the contaminated areas. There were positive correlations between As and Sh, Cd and Pb, as well as As
and Cd (P < 0.01), while other elements showed no significant correlation between pairs. It was therefore concluded that
contamination from the mining activities has exposed a serious threat to human health in the mine contaminated areas in Nandan county.

Key words: hair; heavy metal; age; gender; mining activity; Nandan County
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Fig. 1 Map showing the study area and sampling locations
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FEAS R 25 mL HLIE L @A TR, R B A1 74 i
A2 .
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. AT R o AR KN R bR Y L (GBW
09101b) #EA7 BT aE a6l , PSR AITE 80% ~120% Z
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PITH I SE XA Sk 4 R A RO
2 HREHMH

ANFEERAEHER N KA S 4R S X L
SR SRR T A3 Sl e XN R A
SR ARIRDL, 2351 T 2013 4R Z 1 2014 AEA ik
TR, 50 R — M X A P At 4R
R R R IR A IE S (P =0.05) , i
B ABFE2Z TS ERE . NEEARERFE
t Cd F P, 2 AFE A A Cd L Pb il Cu, KT AR
EREH Cu, KB ABERFET Cu F Zn XN 1 P2
MR ZER R E (P <0.05) , Bonilid 2 APk
FER LA 8 A DX S A A BRI () B 5 A7 R
A 5 F5E X VAR TR As T Sb S 22 7R i
F(P=0.05) , B E | &P BA KA1 —3
PE. ST R A 2R Sk T
2.2 ANEFESTESE S EAIE

£ Kolmogorov-Smirnov ( K-S) IEZMERGS , 7SZEN
BERFET As. Pb A1 Zn , Zn] NBERAET Zn s KEAN
BERFEH Sh Al Cu FFA IES A SRR R, N
FE R KX 4 N AR R R A
SRR TG RBIGEIESH (R 1).

2.1

®1 EATAMRABEZ#ETESEEIERRY

Table 1 Heavy metal contents of human hair in different regions from Nandan County
. R/ME RRHE JUTEE . HirSHE AR T Y
= HbIX LRI AR 1 25 Pys” Miingel )
JLHE it IX. Jpgeg! Jpgeg! Jngg! JUfa i 2 K-S 96 il L £61l/ % /ngrg”!
NFHE(n=49) 0.001 0.975 0.228a 0.209 0.215 18.37
%W (n =58 0.083 10.3 0.694 1.003 0.673 39.66
A H(n=38) o o i 0.04 ~0.85
K (n=43) 0.049 37.01 0.829 1.322 0.987 46.51
K#(n=50) 0.046 2.111 0.403 0.736 0.680 16.00
7NFE(n=49) 0.012 1.017 0.068 0.879 0.973 10.20
W (n =58 0.044 25.84 . . . .
Sh W (n ) 0.496 1.130 0.087 79.31 0.013 ~0.26
K (n=43) 0. 064 51.34 1.039 1.767 0.074 83.72
K& (n=50) 0.011 0.658 0.108a 0.126 0.386 10.00
NFHE(n=49) 0.059 11.69 0.489 1.295 0.222 16.33
. ZE3 (n =58) 0.023 35.73 1.040 1.357 0.807 29.31
Cd 0.1~2.0
K (n=43) 0. 008 61.26 0.771 1.700 0.998 27.91
£ (n=50) 0.030 45.58 0.440 1.167 0.765 4.000
NFE(n=49) 0.087 30.13 6.880a 1.203 0.421 0.000
AW (n =58) 0.397 168.5 8.295 1.084 0.983 3.448
Pb 2.3 ~56
K (n=43) 0. 400 121.1 11.97 1.103 0.829 11.63
K#Z(n=50) 0.919 862.1 7.649 1.156 0.763 6.000
N2 (n=49) 1.754 132.1 8.503 0.821 0.116 6.122
C 3 (n =58) 0.375 112.7 7.527 0.803 0.377 1.724 7.0~29
u 0~
K (n=43) 1.875 32.30 9.106 0.555 0.082 2.326
K#Z(n=50) 0.624 23.82 7.402a 0.613 0.698 0.000
752 (n=49) 107.9 2071 368. 1a 0.623 0.905 73.47
AW (n =58) 78.45 1962 304.7a 0.648 0.747 56.90
Zn 140 ~250
K (n=43) 160.5 2151 371.0 0.650 0.210 65.12
£ (n=50) 72.38 1562 290.5 0.534 0.831 54.00

1) BE a (RN IR BT A LB 3 Py FARX U 19



4870 AN 5%

B % 37 %

1 ATLUE %€ 0 R AR EX 4
ALK NFE R FE AR As S35 8 1 34 7 HE 2 R LA
P AE A X B A AR ARE. B, Rk &
NBERFET As Frig /3 il 2% BIX 1 3. 04 | 3. 64 Fll
177 5 ST REA ¢ KEge g SRR . Hm, KT, K
ENBELFER As TR B ER TXBIX N (P <
0.05), Al BEZH KT, Zi, KEZFH As 15
YelB 1 AR R AR As S RARE B T
LR Y 40 AR, X 26 RGH F B S =TT
K, Hrfk As B d i R —100 47 Z B X
TN KBRS R B As ARl B Bk
ik, P AR B AE IR AR WIOABE Y As A5 5 AR
REMESIE As TTRBCY B 28R 18R

X REIX T K FE o Sh 5 28 78 4 72 v [ DL Y
(K1), ZRMX N KT ABEEMHET Sb &y
TR IRIX ) 7.29 | 15. 28 £i5, K& ABE & FEd Sh
Er AT R, SR A ST AREAR ¢ G IXF A2 5 ) XA
XTRRIXAFE L REF Sh &b T XTI b, A B4, K
TR AR Sh Ea 2 = T X HRIX (P <0.05),
XA REH AW KW P R AR K, Sh 7R 3R
b RBTPUR- b7 et NN NN TR XN E ¥ AN ¢
SbF 15 Sb I I ARERFE T Sh & R e, ]
BED N AR As 55 Sh fRAEfEAE X &R Z i IX
FER As B[R A, Sh Bl 2 #E A BB . K
ZAFELEED Sh SRS X AR A RE. UL
VLAY R S5 RS2 Sh 13 19 ] REPER/IN.

XFCd M5 4 AR X AF 3 & S A S
FILIN (R 1) (A& XA BAR A BE, 7N 28 &
WK T K 2 b LB i Sk 16.33%
29.31% , 27.91% F1 4. 00% . Xof 52 50 [X 0% B X
NHEEFET Cd & AT ST REAS ¢ K 50, B 72 5¢
M XA K KB ARERAE T Cd & & A I
XZEFARE(P>0.05) (HH0EREZR Y Cd &
wARE &, K)ABERFE T Cd 7 it f e {8 5 1
TR 30 A%, KB MENWEA B 15 5211
NHE X2 N FEE A AER 1, Kb — 12 %
(/DA BULEEFE I =, & X B &R Cd
p o=tV N E BV RO INTTI= IS S | X EERC DS
Y.

ANEH Ph SRS HE ] 2.3 ~56 pg-g ',
ATULZSZE R R KX 4 DM IX P ANHER
K Ph X & B AEERESE R LA X 25 X
At R IX & B Ph St AT IS BEAS ¢ G5
FWZ M XK AR R Ph & 5 A IR X 22

SPERE(P<0.05), K] RRIEZE I THFK
NHE, o E B B AR, AT REZ ™ XL 16 3
AR

A ZZ S X R R IX i B R AR Cu & &
XFHRF (F1). /N B K, KEX4 b
DX B & FE T Cu 35 5 dt 357 1 130 1R LA Y.
X} 32 55 ] DX AN B IX AR FE T Cu & S i A 70 a7
FEAR ¢ K80, RIAZR WX R0 | K KEAREL
Ferp Co SR AN IBIXAFEAE R E 225 (P >0.05).

NE Zn F RIS H TN 140 ~250 pg-g ',
APULISZE . AT K, KX 4 LI By AN B &
FEH Zin S35 5 08 1 AR Y L X2 5 e XA
YRR AR R FET Zn St TSI REA ¢ K56, 3%
B2 52 XK AR R Zn & 8 RN HE O A7
ERENER(P>0.05).

2.3 FIRXT AL ESR & R

G5BT XIS P AR 05 RN B4 431 5% K2 it
FE B ATESr A 4 AR AL, RAEAL (<18 %) |
HAA(18 ~45 %) 4146 ~65 %) | EFH
(>65%). —fBkid, 4 MERLL I 16 AL
R AT 2 R it B R M T AR AL > AR > R AR >
ALY XX FAEL M AFE L FEH As Bl Zn, K
WA NRE EZ AR S, AR N BE R B Cd
F Pb, BARLL W AFERFE T Cu 78I 4L 1
e (£ 2) , HEFELSE TR HFEE
SRR E. Zgm X ARELERE T As Fil S & i KF
BEIPEEAR T 2ELABYE, TE 52X Y
HTE P R M R 3 Bl A 56, T v AR R X
IR EE S 5%  E4JE As 1 Sb i@ i FF Ik
FRZ A il e NAR N E R Cd F1 Pb 7235 D4R A
ek & & BB T AR AR, BB Cd
M Pb BAGHETFVFEANENER, FPELEELE
Cd A1 Pb 1950 JARE. &XF He R B, 32 5 i XA ]
SRR AL BE L FET As . Sb Al Pb AUFH &R T
X B DXOGE I AR i 4 5 B AR AHE R FE T Cd JT &R
Hb A A AR Cd & TX X Cu
I Zn F L ARR T X HR X, 25 X B & R
1 As, Sb, Cd Fl Pb 77 B i BRI G, BoR™ X
BS54 S5 As, S, Cd A1 Pb BN TG E i A BE
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Table 2 Heavy metal average contents of human hair in different regions from Nandan County/pg-g -1
X AR As Sh cd Pb Cu Zn

KA1 (n =10) 0.225 0. 156 0. 836 11. 64 17.59 355.1

P FAEH (n=22) 0.353 0. 099 1.247 11.36 8. 126 530. 8

HFAEL (n=9) 0.319 0.109 1. 666 12.53 16.03 519.0

EHEH(n=8) 0.277 0. 064 0. 766 7.598 21.85 281.6

FKAAEH (n=18) 1. 280 0. 664 5.076 57.18 8.286 435.2

= BHFEHA(n=67) 1. 166 3.182 2.849 17.48 9.514 431.5
2R X

HAFEL (n=41) 1. 646 2.287 1. 499 16. 63 12.09 412.9

ZAEL (n =25) 0.873 0.294 1. 150 10. 89 8.356 229.6

tiSh i B T A, X R R T 18 ~45 %
ANHENFW TAEZ S & B0 A %, B oA 1% e
M Ao A A R i B K, G S A R KT s R
T Zn T E, RAEH B 75444 M E4E
4 PAEHAEE YLK 3 Fh LR B E 2
HEREFHABELES Zn FEBME HAboE
(1) 4 MR Z M AAE B E 2.

MK DRI 3Z 52 X ABE R PR TP 4R i
AR AR OCHE S BT 25 RO, X BRI B R AR rh 4%
HER SRS EREB Y ARFEEM KR, M F
TR X ABE, RFET Zn(R = -0.185, P =0.023)
Fri S RARIRTE 0. 05 7KF B FAHSE, 1M Cd(R
=-0.156, P =0.055) Ml Ph(R = -0.135, P =
0.1) & 5ERAER R 0.1 K ERmmse, al il
Cd. Pb Fl Zn iX 3 FhoCZE X E /DA MR K.

2.4 MRS N K TP E AR S R

25 DRG] X8 Lo NRE R FET B 4 JE &
ORI UL 3, X6 BRIX RN 2 52 ) X 4 e B & B rp
Cu 1 Zn 38 T 5 M, nTREE B TR [R5 Y
NBETEARHT ST | AR 2T LA B Akt it 8 FH 2 T 1)
SRR 2R X B AREAFE T As, Cd
F1Ph 3 3 e e, X 26 G R AE B RN E
L ATRE AR 25055 1k o B T AR, 1 e A
SRR A O AR S B A R u Rl A
PRt APy, B RFE N B S LUR T XX E
DX FHAZ 5 M DXAS [ R R A v e 4 ) & i e A T
TSTAEAS ¢ K56, R 32 52 X B Mk J R R RE R Cd
SEBESTLMEP <0.05) , Mt fE R LR
(%) Cu Fl Zn &= T HME(P <0.05) , HAbk:
Dt SR NTE W NP S - O

®3 AEMINABEARESBELRAERR ug g™

Table 3 Heavy metal contents in different gender people/pg-g~

1

X R IX ZHE X

JLHR H(n=9) 2 (n=40) H(n=42) 4% (n=109)
Al ¥ifE 0 ¥l ] YA 0 ¥ifE
As 0. 134 ~0. 709 0.371 0.001 ~0. 975 0.299 0.124 ~37.01 2.216 0. 046 ~6. 189 0. 884
Sh 0.012 ~0.318 0.074 0.012 ~1.017 0.116 0.020 ~25. 84 1.403 0.011 ~51.34 2.453
cd 0.147 ~5. 463 1. 090 0.059 ~11. 69 1.178 0.030 ~61.26 5.427 0. 008 ~ 14. 66 1.326
Pb 2.699 ~23. 65 12.26 0.087 ~30. 13 10. 74 0. 400 ~862. 1 40.03 0.397 ~121. 1 13.73
Cu 1.754 ~6.781 4.780 2.607 ~132. 1 15.77 0.375 ~15.97 6. 669 0.624 ~112.7 11.11
Zn 136.5 ~575.7 270.0 107.9 ~2071 493.1 151.7 ~1234 312.6 72.38 ~2151 424.7

KT PRI A & v 4w & R, H I
T4 —E 6. Troianowski 25" Fl Wolfsperger 25"
RISk e e 4 S e ol s T M T RE R
PRI A 5 A oy B35 20 4 3 AR i B 7 37 7 T e PR T K
Pl S Rk A 8 A 0 Ay TR G Sk
REGEGREICE 25, PRI & ik & &
&R 2R S H AL
2.5 AR HEEIEITR WA

K H] Pearson XU it AH O HEAG 30125 00 W5 IXC ile
A ANBEEFETR As, Sb, Cd, Pb, Cu Al Zn i 2Z[H]

(A TAE 5. R ABE R HE As 5 Sb, Cd
5 Ph, As 55 Cd 7£ 0. 01 K [ 3¢ MR 5
43514 0. 308, 0. 647 . 0.216. T HAb TG Z M P 2 [A]
A A, DA AR D As, Sh, Cd M
Pb iX 4 Fho 2 Al REEA [ JEPE [ B EDHIE T 76 o0
FF]P As, Sb B FRETCE, BINIEAHLmMkE
PRI FEPEALE Y, BAES Y, As 5 Sb HE AR
e e PR As 5 YL A AR 1 R I R B 2
Sh 54> Cd F1 Ph BYE R As A1 Sh (15 R I
AR—5L.
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Table 4 Comparison of heavy metal contents in the study area and other regions/pg-g ™'
HiL X n N =y As Sh cd Pb Cu Zn
FFH X (ABEST) 151 I A HE 1.26 2.16 2.47 20.9 9.88 393
49 T I X B XA 0.31 0.11 1.16 11.0 13.8 452
i el 67 B X AR 4.21 15.9 — — — —
22 Bt A 0.28 0.53 — — — —
BRI e X o) 138 WX JE 0 2 — — 0.08 5.66 12.1 140
INFEI 4 X [ 64 X8 1 AR R 0.71 — 0. 87 111 14.1 —
16 T T X R XA 0.37 — 0.24 17.2 9.38 —
0] P BT X (24 256 V5 X R I B 1.97 — 0.19 13.2 14. 1 143
B P X (25 75 G PN — — — 36.3 — —
194 . IN — — — 1.41 — —
WL R BB X B4 @ X [0 30 X AR 0.62 — 0.48 32.5 52.2 222
I E-SNES 92 EL R PN 0.02 0. 86 0. 50 5.38 63.1 243
[ 26] 55 Wi oE 22 AR 0.02 0.10 0.97 5.35 108 124
I 2 126] 46 iZ A PN 0.02 0.11 0.31 2.52 9.42 160
H A 1200 457 i AR 0.05 0.67 0.28 3.62 10.7 114
Ep g (26 255 ED F LY 0.61 0.40 0.32 13.2 20.0 211
3 i L9 A, IR ANBER A Sh & 2 i A7 IE

IEE T 4 JE 5 e 5 g RR 1) G R A2 Bk
[LEANE A ST YR b st S L/ N EIL/ DEIN
TREL B KRR VIR A2 fa F 2 A RHE R . AR5
DX 3N A 224 1 i R A T AR > IR S A AR L
JE RSk Z N E SR & R OLAN AR R — B, 25 X
R KB AR As, Sb, Cd #1 Pb 1
AR TR X, B KRR AR
Sh R HEFETE H A& Sb & &, B2 520 X J& ) i
T2 2N R LT IE sh A 2, 54 B AR IR TG s
PSR R ) B R 7R A B AR, Bfili Sk
RHREIRE AR T BX. BT A oT 25
FIF GG LA (R 4) 7TF I, P IX
JE ARERFES As, Sb, Cd F1 Pb &840, As &
ORI 4 f5 2240, S 5 BT ANTHE S/ N2 0 Xt
MR AHERY 4 ~ 6 £ 2247 AR T8 LL ] g e
TSHEXRE; ABERFES Sh & T EA 5 AR
FHEEZR BT L AHE; Cd A Pb & &5
SRR 2 {52 225 Cu 5 AE 0 1) 5 A 1K
T R PR DX DG B X HE R Zn B 1A 6 A
Mo XA F A K. Ui R P X Rk & T A
J& 5 A2 Y MR ISR LA RS AR I Y 52

4 Ei

()PP L6 shizm X BE & FEH As | Sb,
Cd F1 Pb & w4051 1,260, 2,161, 2. 466
F120.92 pg-g™", XTI IX 4.0, 20, 2.1,

HE .

(2) Z5 M X AFER R Zn 7545 5 RAF I
E0. 05 /KF LEFUARXE, Cd 1 Pb 2 0.1 KF B
K.

(3) 2 X B AREA R Cd &R E S
TLME(P <0.05), it ANFELFED Cu F1 Zn &5
HREETHEM(P<0.05), FE XIRARE KRS
As 5 Sb, Cd 5 Pb, As 55 Cd 7£0. 01 /KF- - {35 AH
KRR R S 7% 5 L.
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