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Abstract: Based on field investigation and laboratory analysis, exploration was done of distribution of macro and micro elements in the
soils and distribution of longevity population in Xiayi County, Henan Province, China, and relationship between the spatial variation of
the distribution of soil elements and the distribution of the longevity population. It was found that longevity population was distributed in
a belt running across Xiayi county from northeast to southwest. In the northeast part, the longevity rate (over 95 years old) reached
187 per million and while in the northwest part, it was only 83. The concentrations of heavy metals such as Cd, Cr, Cu, Ni, Pb, Zn
in Xiayi soils were (0.177 +£0.057), (63.9 +7.48), (23.6 +5.63), (29.5 +3.80), (21.8 £3.37) and (64.80 =8.81)
mg-kg ™', respectively, all up to the criteria for grade I soils in the National Standard for Soil Environment Quality of China;
Moreover, the soils in longevous areas were rich in Cr, Zn, K and Mg. K and Mg in Xiayi soils were 1. 30 and 1. 79 as times as high
as the background value of Henan Province and 1. 21 and 2. 62 times that of the country, respectively. In Liji, Huodian and Zhongfeng
where the centenarian rate was relatively low, the soils were low in Cu, Se and Zn, but high in Na. The findings clearly indicate that
the soil rich in Cr, Zn, K and Mg and free of any heavy metal pollution is a major contributor to the longevity in the area, while uneven
distribution of Se, Zn, Cu and Na in the soil is the key factor affecting the distribution of longevity population in Xiayi County.
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Fig. 1  Distribution of the centenarian rates ( per 1 000 000

habitants) in Henan Province and locations of soil sampling sites
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Table 1  Correlation coefficients between longevity
level and ratio of different age groups
AN 7 4 % 80 % U I 95 % I 100 % L) I
BAO s N ER=A L] AT H A
K 75 K- 0.85"* 0.72"* -0.14

1) " " &/K p<0.01
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Fig.2 Spatial distribution of the percentages of population of different age groups in the townships in Xiayi County
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Fig.3 Centenarian rates ( per 100 000 habitants) and longevity

levels of towns and townships in Xiayi County
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Table 2 Concentrations of Cd, Cr, Cu, Ni and Zn

in the soil of Xiayi County/mg-kg ™"

i cd Cr Cu Ni Pb Zn

FHME 0.177  63.9 23.6 29.5 21.8 64. 8
FRifE 2% 0.057 7.48 5.63 3.80 3.37 8. 81
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Fig.4 Ratios of the soil element concentrations in longevity county versus the respective background values of provinces and of the country

RMEBX3ANKEZS LI Cr, Zn, K, Mg T
EWE T T S i+ AR B R0 0 Mo, Mo
LR T Y - IR S E. Cr, K, Mg %570
EmTeE T EARET 5[, Co. Mn, Mo, Pb 5570
AT aELERET FEH, ARKES Ca, Mg
TR ESEDE. SLEMF A LA L
AR REML, KHF S HEE S Cr, Zn,
K. Mg,”> Co, Mn, Mo, Pb. K HFEERHTEN, H
% NEREX B+ E S Mo, Cr, I AR
Cr. Zn WP RE5IE 5 K77 L K — 2, Mn 1 BF 5T 45
W

2.3 RIS KGN H A G

M SPSS B fF AT A H 5 £ T R & &
Spearman AT, R WK 3. Cu 5 EHS AH
Lo ) 5 2 TE AR DG, AL 7T 3K 34 T8 W 3 AH G F ST
2555 Huang 552 B 90 MR — B0 S A 28 Mg B
FFABE N RIRZ 1M H IR A 5 Z [ W A7 76 A7 B
IR, R X3 75 3042 0k DL B — e RO DA ff kg
WK HKESE S ANH X RE, & SE -
| ANE S TR AR T KGR
FOAH OC R X UL W] IR X | 2N E Ry 2 ) o

S S

£3 TERTEEKFAFER100 5 U EAOLBIREXRESR" (n=22)

Table 3 Correlation coefficients of soil elements with longevity level and centenarian rate (n =22)

WiH Ba Co Cr Cu Mn Mo Ni Se
K K -0.26 -0.22 -0.15 -0.19 -0.33 0.13 -0.14 -0.35
100 % L4 B A A L) 0.15 0.17 0.10 0.43" 0.33 -0.03 0.21 0. 14
LgE| Sr Zn Al Ca Fe K Mg Na
K HKF -0.01 -0.36 -0.14 0. 04 -0.26 -0.11 -0.19 0.26
100 % L)L b A AL ) 0.22 0.42 0.29 0.22 0.26 0.42 0.28 -0.40

1) % F% p <0.05
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Table 4 Ratio between Jiyang and Liji and between Caoji and Liji in soil element concentration

i H Ba Co Cr Cu Mn Mo Ni Se Sr Zn Al Ca Fe K Mg Na

VrBH/ 2R 1.04 1.10 1.21 1.24 1.08 1.12 1.11 1.04 1.13 1.07 1.04 1.04 1.04 1.02 1.04 0. 96

WA/ R 1.03 1.05 1.11 1.12 1.09 0.95 1.05 1.30 1.09 1.16 1.06 1.08 1.06 1.06 1.08 0.98
x5 WE, BESAELEFETENILE

Table 5 Ratio between Yangji and Huodian and between Yemiao and Huodian in soil element concentration

i H Ba Co Cr Cu Mn Mo Ni Se Sr Zn Al Ca Fe K Mg Na

7EIS.e 1.03 0.99 0.95 1.49 0.99 0.95 1.02 1.27 1.02 1.18 1.0l 0.96 0.99 1.02 1.01 1.06

AV 1.03 0.94 0.96 1.10 1.02 0.8 0.95 1.11 1.03 1.09 1.04 0.93 1.04 1.01 1.00 1.01
x6 NE, PHE5PELETETEINILE

Table 6  Ratio between Liudian and Zhongfen and between Huqiao and Zhongfeng in soil element concentration

i H Ba Co Cr Cu Mn Mo Ni Se Sr Zn Al Ca Fe K Mg Na

X /v 0.96 0.96 0.92 1.11 0.99 1.09 0.95 1.32 1.02 1.04 0.98 1.06 0.96 1.04 0.99  0.95

B/ R 1.07 1.34 1.29 1.47 1.40 1.20 1.33 1.13 1.01 1.30 1.17 1.38 1.28 1.15 1.26 0.74
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Fig.5 Spatial distribution of Se and Cd in the soil of Xiayi County
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Table 7 Se concentrations in the soil, longevity levels

and centenarian rates of towns in Xiayi County

" . - HZAMOL Se
2 K HIKF- B x10 -3 Jmg-kg !
AR 0.236 4.25 0. 135
P 0.202 8. 18 0. 137
L 0.234 10.6 0. 140
g 0.223 9.32 0.247
Ui S 0.182 8.22 0.249

I rh 4 5 Se I AN RE M S WL M IX K 55 KO-

CdfE— R E Mgk Ol &
hE BN I E AR ZE . B BB AN, IREHEFRINA
b od ek, R RS REY L E
EAKEY S BREET Cd AR 50%. Cd &
KEEREGEFERERAEE L X EARRE, I F
OB /NG T BE BE RS XA AR G o B E
B R B Cd AR AT RE R I M IX K 5 KT i 1%
BRI Z —. AR R BAT 2 £ 81+ 8 Cd & i3
B AR KA F A B 0. 191 DLk &
S HEd AL Fe 0% R AT 2 X Cd My miziic ™.
M 8 W LA th, Ze vl A FE & 23 /KT AI% i+ 48
HCd i f R, AL Fe A%,
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Table 8 Concentrations of Cd, Al and Fe in soils in Xiayi County

ok I Cd B Al B Fe |
/mg-kg /mg-kg /mg-kg
KR 0.158 307 11.7 3.91
e 0.112 231 12.3 4.08
0 0.207 213 12.7 4.54
R 0.212 207 14.1 5.12
o] 0.223 206 12.7 4.35
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