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Abstract To build asoil environmental quality momtonng network and collect the systematic soil geochemical data of heavy metals
before and after the construction of Xiong’an New District (XND) , long-term variations in soil heavy metal levels during the XND
construction were monitored based on the land quality geochemical survey monitoring data and the geochemical distribution of heavy
metals. Parameters such as sampling density, sampling quantity, and sampling period were estimated to construct the geochemical
monitoring network, which provides a reference for the future long-term monitoring of soil heavy metal geochemistry in XND. The
results indicate that variations in the amount of heavy metals As, Cd, Cu, Hg, and Pb are greater than 36%, while the nugget
coefficients of Cd, Cu, and Pb are greater than 75% because of the superposition of manmade sources on the high natural background
levels. At the 95% and 90% confidence levels, while the allowable error A of the sample mean value is 5%, 10%, and 15% and
heavy metals as As, Cd, Cu, Hg,Ni, Pb and Zn is monitored in soil environmental quality monitoring network, the proper numbers in
the study area are 1077, 270, 120 and 767, 192, 86, respectively. The minimum detectable change (MDC) of each heavy metal
species is between 0. 002 5 and 2. 54 mg-kg™'. Soil heavy metal monitoring requires different revisit intervals under different annual
change rates, but in the study area, revisit intervals of soil monitoring are approximately two years under the current conditions of
constant annual change rates.

Key words : soil monitoring; heavy metal ; reasonable sampling number; minimum detectable change; Xiong’an New District
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Fig. 1 Land use types and monitoring sites in Xiong’an New District
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Table 2 Characteristics of heavy metal content in surface soil in Xiong’an New District land quality geochemical survey
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Fig. 2 Geochemical map of heavy metal elements in Xiong’an New District
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Table 3 Fitting parameters of theoretical models and semi-variance functions model parameters of semivariogram function of heavy metal elements

B \ 5 Y (i ETen Ve (i W

LR SRR jf (Cy) (< E) [Co/(Cy+0)] R ?Es%
As Spherical 30 830 0. 006 26 0.02022 0. 690 0. 986 3.780E - 06
Cd Spherical 56 640 0.0111 0. 052 0.787 0.976 3.101E -05
Cr Exponential 53010 0.001 73 0. 00561 0. 692 0.982 2.302E -07
Cu Spherical 48 370 0. 008 34 0.036 18 0.769 0.988 9.378E -06
Hg Exponential 17 580 0.0192 0.0385 0. 501 0. 908 2.718E -05
Ni Exponential 58 440 0. 004 03 0.01123 0. 641 0.972 1. 145E - 06
Pb Spherical 46 920 0.004 67 0. 020 34 0.770 0.971 7.593E -06

Zn Spherical 50 620 0. 004 93 0.015 46 0. 681 0.973 2.901E - 06
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Table 4 Reasonable sampling numbers of soil heavy metal elements of the whole region in Xiong’an New District

BEKF FoF R TOE A PRFEEL
(P)/% (A)/% As cd Cr Cu Hg Ni Pb 7n
5 203 1077 39 421 433 79 344 160
95 10 51 270 10 106 109 20 86 40
15 23 120 5 47 49 9 40 18
5 144 767 28 300 309 56 245 114
90 10 36 192 7 75 78 14 62 29
15 16 86 34 35 7 27 13

FE X+ 4 T 2 0 28 () A8 SRR AE 4 28 B IX.
K53 e AR B 3 AN X, 43 Hi XA AN
[vi) 2 [A) AR S AR 19 £ 38 1 4 W AR A B AR F
FAR IR (R 5) W AEWAHERIX 3 A4 Xl

HApBILR A L S AR W AN [ 22 X 8 il
HEBILR P AR R R KITRE Cd, 257

FE095. 3%, & T = B AR S ). A5 WURn i B b X 8 F
H 4R TR s AR AR KT R o He, H
7E 5 R E B 43. 4% 1 47. 3%, Cd TG E WA 5
AR REE. R AR E R 3 AN X+ HEEE 5 s
Rz ) As A SHRESENY 22 57, ik — IR SR AJE
PR BN R EHTHLIX Cd . Ch Al Pb 0 m-f“fn
ﬂﬁ%%iﬂ?ﬁﬂEﬁfﬁ%mﬁéﬁéﬁ

W T4 A PG Bl .

T4 X 5 4 8 e 228 () AR SRR B 1Y)
25 SEEE XN R 4 PR T W T
FEAECANTR], ANFE 95% B EAG K- FI AL ViR 25 A
5% B}, 8T SRR B X Cd o 2 W B 75 AR
AKGHH1395, 91 FI172 A, 27 X 420X Cd
TCER W it A REAR JOXT L, AR IR B FE 1S 7J<¥P$n
FVFIRE A ZETF, %I:"*uﬂ @fﬁﬁﬁ’]#ﬂiﬁiﬁuﬁj "
%ﬁE”P‘?'JIJE’J‘.JE%{%HMMK”P I By TR A @*HKIEJE@ =
EL&L%%IX”F{E ﬁﬁ#zﬁi‘&mﬂ:él: il ﬁﬁnﬁ
REACH TP 43 X 0 ek i BT
it gy w%ﬁk%ﬁf%ﬁzﬁgmﬁAw
i ﬁ:’ﬁ””é’b&ﬁﬁfﬂ/ /J\ WV FH B

-

{ #5, wﬁﬁgxnml:iu@ﬁ%n%m#{aw . ™~ 4
Table.5 Reasonable %amphng pumher% of soil heavy metal elements of different areas in Xiong’an New District ‘
7 ' EEURFEE N
ak bk A (s) i’*%‘f( R M ATy KT (P=90% )
Ly s A=5% A=10%  A=15% A=5% A=10%  A=15%
" As 11.9 4.96 41.6 266 67 30 190 48 22
Cd 0.28 0.26 95.3 1395 349 155 993 249 111
Cr 72.2 11.98 16.6 43 11 7 31 8 4
B Cu 35.4 20.25 57.2 503 126 56 359 90 40
Hg 0.051  0.03 56.0 483 121 54 344 86 39
Ni 34.4 7.58 22.0 75 19 9 54 14 6
Pb 30.9 17.37 56.3 487 122 55 347 87 39
Zn 88.9 31.56 35.5 194 49 22 139 35 16
As 9.1 1.73 19.0 57 15 7 40 10 5
Cd 0.19 0.04 24.0 91 23 11 64 16 8
Cr 66. 8 5.73 8.6 12 3 2 9 3 1
seik Cu 25.0 6.41 25.6 103 26 12 73 19 9
Hg 0.057  0.02 43.4 296 74 33 208 52 24
Ni 29.5 4.00 13.6 29 8 4 21 6 3
Pb 24.2 3.14 13.0 27 7 3 19 5 3
Zn 74.0 11.59 15.7 39 10 5 27 7 3
As 11.0 2.92 26.5 109 28 13 87 20 9
Cd 0.19 0. 06 33.4 172 43 20 132 31 14
Cr 66.5 10. 68 16. 1 40 10 4 32 8 4
B Cu 26.8 8.42 31.4 152 38 17 130 28 13
Hg 0.039  0.02 47.3 345 87 39 302 62 28
Ni 32.0 7.97 24.9 96 24 11 80 17

Pb 24.6 5.86 23.8 88 22 10 71 16 7
Zn 71.3 22.00 28.5 127 32 14 102 23 10

D) HELEEITCR NN meg-kg ™", R REARL N =313, IR FEARZ N =109, HEEJAE AL N =178 ,A W RVFiRE
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Table 6 Monitored minimum variations in soil heavy metal elements/mg-kg !

JLHR As cd Cr Hg Ni Pb Zn
P X R 10. 60 0. 189 69. 55 27.46 0. 044 32.74 25.01 79.03
MDC 0.386 0.019 1. 047 1.55 0.0025 0.7 1.25 2.54
MDC/ 15 §HE/ % 3.64 9.83 1.51 5.65 5.63 2.15 5.01 3.21
3Pk H PR 1 0.03 5 0.000 5 2 2 4
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Table 7 Annual rates of change in soil heavy metal amounts and revisit intervals for soil geochemical monitoring( N =1077)

iz AR (k) ) 5 ] B e ] EAALHR (k) 5[] B )
- /mg- (kgra) 7! (1;)/a /mg- (kg-a) 7! (1,)/a
As 0.0298 9. 66 0.076 9 3.74
Cd 0. 002 38 5.82 0.003 1 4.51
Cr 0. 0502 15. 57 0.0808 9. 68
Cu 0.11 10. 52 0.176 9 6. 54
Hg 0. 001 09 1.70 0.0003 6.01
Ni 0.0393 13.39 0.2231 2.36
Pb 0.0507 18. 44 0.096 2 9.72
Zn 0.348 5.45 0.4615 4.11
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Table 8 ~Revisiting"sample numbers for soil geochemical ‘monitoring
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