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Study on the method of determining the sampling
number of soil heavy metals in known variation
units under skew distribution

HUANG Yajie, JIA Fenchao, CUI Yanzhi, ZHOU Yan, LI Junchao, LIU Haidong"

(Environmental Development Center, Ministry of Ecology and Environment, Beijing 100029, China)

Abstract Determining the optimum sampling numbers (OSN) of heavy metals in soil is the premise and
foundation for research of heavy metals in soil. It is one critical issue to achieve credible results when
surveying heavy metals in soil and sustainable land use or remediation decisions. In this study, cadmium in
farmland soil was taken as the research object. The data of Cd from 17 high-low variant units at different
scales were collected by field sampling. The relationships between geometric standard deviation (GSD)
and coefficient of variation (CV) were established by statistical and empirical theory. Based on the
relationships, the method of determining the OSN of heavy metals in soil with skewed distribution was further
derived. The results showed that: Compared with other methods, geometric standard deviation calculated
by the method derived from statistical model was more accurate, and the OSN calculated by the proposed
statistical model was closer to the exact sampling number; The mean error and relative deviation generated
by the proposed statistical model were smaller, and the OSN calculated by the proposed statistical model in

the high or low variation units was more accurate. The total calculation process of the proposed statistical
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model was simpler and faster. This study provides an effective method to determine the OSN of soil heavy

metals in the decision unit with known CV.

Keywords soil heavy metals; skewed distribution; coefficient of variation; sampling number; model
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Table 2 Sampling information in different contaminated units

oo FEGGRY KAEECH KA A/ m? KA ] B /m
Unit Main contamination Sampling number Sampling area Sampling distance

1 Cd 121 4.84x10° 200

2 Cd 138 5.52X10° 200

3 Cd 142 3.55X10° 50

4 Cd 143 5.72X10° 200

5 Cd 65 1. 04X 10° 40

6 Cd 17 51 3

7 Cd 29 87 3

8 Cd 15 45 3

9 Cd 18 54 3

10 Cd 15 135 3

11 Cd 20 1.33x10* 26

12 Cd 104 312 3

13 Cd 500 4.99X107 316

14 Cd 457 3.07X10° 82

15 Cd 816 8.15X 107 316

16 Cd 211 1.42X10° 82

17 Cd 173 1.72X10 316
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Fig.1 Relationship between geometric standard deviation (GSD) and coefficient of variation (CV) under different sampling areas
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Table 3 Comparison of geometric standard deviation in different decision-making units

3 In(GSD)
o A5 B Z RS/ ILI\{/?%*@%Eijmu ﬁé% Estimated value of(gfc?metric standard deviation
Urjit Measurefi value of ge(e)frrztrreic svtir?(fa(r)d 2B %?%ﬂ“%’ﬁﬁ!ﬁ“ﬁ ‘%?%%ﬁfﬂlfﬁ
(% deviation Measured value Lalcul'an'on based on Lalculz%n.on based on
statistical model empirical model
1 60.6 1.719 1.354 1. 367 1.397
2 47.6 1.634 1.248 1.226 1.239
3 28.9 1.314 1.080 1.083 1.094
4 26.9 1.293 1.070 1.073 1.073
5 32.0 1. 328 1.093 1.102 1.116
6 27.2 1.297 1.072 1.074 1.082
7 42.9 1.425 1.157 1.184 1.216
8 66.3 1.739 1. 396 1. 440 1.544
9 21.3 1.219 1.043 1. 045 1. 049
10 22.9 1.272 1. 056 1.053 1.057
11 11.0 1.123 1.013 1.012 1.012
12 83.1 2.001 1.653 1.691 1.878
13 76.9 1.649 1.406 1.591 1.610
14 84.0 2.362 1.874 1.706 1.785
15 99.1 2.377 2.046 1.982 2.021
16 32.1 1.333 1.094 1.103 1.105
17 43.6 1.471 1.175 1.190 1.193
x4 ARNLAHRAEZTEFTENIRELR
Table 4 Error comparison of calculation methods for different geometric standard deviation
PR 22 ME HIXS i 22 RD
ot REFEB/ m®  HTFRIFERIITE ETRREAIE TR R TAREAITE
Unit Sampling area Calculation based on Calculation based ~ Calculation based on ~ Calculation based on
statistical model on empirical model statistical model empirical model
1 4.84X10° 0.013 0.043 0.962 3.134
2 5.52X10° —0.022 —0.009 1.768 0.729
3 3.55X10° 0.003 0.013 0.271 1.214
4 5.72X10° 0.002 0.002 0.214 0.222
5 1. 04X 10° 0.010 0.024 0.875 2.133
6 51 0.002 0.010 0. 180 0.962
7 87 0.027 0.059 2. 346 5.023
8 45 0.043 0.147 3.106 10. 242
9 54 0.003 0. 006 0. 250 0.612
10 135 —0.003 0.001 0.315 0.117
11 1. 33X 10* —0.001 —0.001 0.068 0.072
12 312 0.038 0.225 2.280 13.311
13 4.99X107 0.185 0. 204 13.164 12. 820
14 3.07X10° —0.168 —0.089 8. 947 5.210
15 8.15X 107 —0.064 —0.025 3.126 1.278
16 1.42X10° 0.009 0.011 0.822 0.992
17 1.72X 107 0.016 0.018 1.332 1. 526
A1l Total 0. 005 0.038 2.35 3.51
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Table 5 Sampling numbers of soil cadmium by different equations in decision-making units

BT SRR/ Y

Unit Measured value of CV N N N N N o N N
1 60.6 79 63 60 58 66 69 71 84 90
2 47.6 65 39 42 47 53 49 44 55 58
3 28.9 25 14 14 15 13 27 16 26 28
4 26.9 23 12 12 13 29 25 14 24 24
5 32.0 26 17 16 16 16 30 20 30 32
6 27.2 23 13 12 13 14 25 14 24 26
7 42.9 36 31 27 25 23 42 36 46 53
8 66.3 82 75 68 60 69 80 85 99 120
9 21.3 17 8 7 8 8 20 9 18 19
10 22.9 21 9 10 11 11 21 10 19 20
11 11.0 11 2 2 3 3 13 2 11 11
12 83.1 135 118 111 95 114 114 134 150 189
13 76.9 67 101 69 49 119 101 115 130 129
14 84.0 233 120 149 145 156 116 137 153 170
15 99.1 237 168 179 147 188 152 190 210 210
16 32.1 26 18 16 16 31 30 20 30 30
17 43.6 42 32 30 29 43 43 37 48 44

TN b T R B A A R RE B H o N, g 0 4 2 20 S S 0 SR 1 SRR B LR 3 B ER B S IR R BT
Ny Ny N, N5 N N; N 233 R 3 (1D ((2) ((3) (4D ((6) (19D (20 5 Y 3850 19 SR FE R H

Note: N represents the optimum sampling number of soil cadmium determined by formula (7). N, represent the sampling numbers of soil

cadmium determined by the classical statistical formula, and the specific formula can be found in Technical Specification for Soil

Environmental Monitoring o,

N,, N;, Ny, N5, N;, N;and Ny represent the sampling numbers of soil cadmium determined by

formulas (1), (2), (3), (4), (6), (19) and (20), respectively. .

BT AN 7 R H IR 22 BEA T LA (3R
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Table 6 Comparison of sampling mean errors based on different methods

oL B SR RETE/ %

Unit Measured value of CV ME, ME, ME, ME, ME; ME, ME, ME,
1 60.6 —16 —19 —21 —13 —10 —38 5 11
2 47.6 —26 —23 —18 —12 —16 —21 —10 —7
3 28.9 —11 —11 —10 —12 2 -9 1 3
4 26.9 —11 —11 —10 6 2 -9 1 1
5 32.0 —9 —10 —10 —10 4 —6 4 6
6 27.2 —10 —11 —10 -9 2 -9 1 3
7 42.9 =5 -9 —11 —13 6 0 10 17
8 66.3 —7 —14 —22 —13 -2 3 17 38
9 21.3 -9 —10 -9 -9 3 —38 1 2
10 22.9 —12 —11 —10 —10 0 —11 —2 —1
11 11.0 -9 -9 —38 —38 2 -9 0 0
12 83.1 —17 —24 —40 —21 —21 —1 15 54
13 76.9 34 2 —18 52 34 48 63 62
14 84.0 —113 —84 —88 =77 —117 —96 —80 —63
15 99.1 —69 —58 —90 —49 —85 —47 —27 —27
16 32.1 —38 —10 —10 5 4 —6 4 4
17 43.6 —10 —12 —13 1 1 —5 6 2

it — 308 —324 —398 —192 —191 —194 9 105
1 :ME, .ME, ME; ME, ME; ME; ME; ME, 735l 5 & Fl & M gt 1127 20 30 20 (1D ((2) ((3) ((4) . (6) . (19) . CCO T F R H (171

W%

Note: ME, represents the mean error in calculating the sampling numbers by the classical statistical formula. ME,, ME,, ME,, ME;, ME;,

ME, and MEgrepresent the mean errors in calculating the sampling numbers by formulas (1), (2), (3), (4), (6), (19) and (20,

respectively.
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B AR X BT A A BB I 5 I8 55 AN W] GSD
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Table 7 Comparison of sampling relative deviation based on different methods
Ll 5 S R BCTAE /

Unit Measured value of CV RD; RD; RD; RD, RDs RD; RD RD;
1 60. 6 0.20 0.24 0.27 0.16 0.13 0.10 0.06 0.14
2 47.6 0.40 0.35 0.28 0.18 0.25 0.32 0.15 0.11
3 28.9 0.44 0.44 0.40 0.48 0.08 0.36 0.04 0.12
4 26.9 0.48 0.48 0.43 0.26 0.09 0.39 0.04 0.04
5 32.0 0.35 0.38 0.38 0.38 0.15 0.23 0.15 0.23
6 27.2 0.43 0.48 0.43 0.39 0.09 0.39 0.04 0.13
7 42.9 0.14 0.25 0.31 0.36 0.17 0.00 0.28 0.47
8 66.3 0.09 0.17 0.27 0.16 0.02 0.04 0.21 0.46
9 21.3 0.53 0.59 0.53 0.53 0.18 0.47 0.06 0.12
10 22.9 0.57 0.52 0.48 0.48 0.00 0.52 0.10 0.05
11 11.0 0.82 0.82 0.73 0.73 0.18 0.82 0.00 0.00
12 83.1 0.13 0.18 0.30 0.16 0.16 0.01 0.11 0.40
13 76.9 0.51 0.03 0.27 0.78 0.51 0.72 0.94 0.93
14 84.0 0.48 0. 36 0.38 0.33 0.50 0.41 0.34 0.27
15 99.1 0.29 0.24 0.38 0.21 0.36 0.20 0.11 0.11
16 32.1 0.31 0.38 0.38 0.19 0.15 0.23 0.15 0.15
17 43.6 0.24 0.29 0.31 0.02 0.02 0.12 0.14 0.05
41t Total 6.40 6.21 6.52 5.80 3.03 5.33 2.94 3.78

7 :RD, .RD, .RD, .RD, .RD. .RD;.RD, il RD 43 3l b 5% Fi] 2 it

i 2%

GitaE A (1) (2) (3)  (4) ((6) (19 HI(20) 3 55 R KL H 114 A7 X

Note: RD; represents the relative deviation in calculating the sampling numbers by the classical statistical formula. RD,, RD,, RD,, RDg,

RD g, RD; and RD g represent the relative deviations in calculating the sampling numbers by formulas (1), (2), (3), (4), (6), (19)

and (20), respectively.

WRT5 BT GE T A R S 1 A S U IO T B A R
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SR A St 2 (19D AT LUAT R4 b e IR At T 12
A1 7 SR A R I A e A R B AR A L B
<& T B0 SR RE B E SRR B, EL RS O e
PREE. DI, 5 T GE T 2 B A & A fi A5 20 A T
SRR H B R D7 VR — BT R B L R
o IR BB H i E Tk

JUEARMT IR T RS0 T B WAL R
f1% S o Je R R R R E ik L (HLR % T ik
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R 8 A A S AL S N BE R E R A
w4 SRy o LG FERSRBF T, &t — 2 %
JE S < S 010 A () 2 A A A B BIL P SR A (A

SE b G R AR AR T EL 2 W b
Jig SR A ) 25 18] A7 R o

AN

5 & &

AW 5T AAS ) ROEE A [R) A8 5 19 17 A~ P 3R ot
P 3T 4 B A S A 4, L ME 2 RD 1E R 3T
Braa b , 53 0 R T Ge vt 24 1580 e 28 3 #8570 i 57 GSD
H5CVIXR LA MAS M T CH GSD 1 11
HERAHRERE I E AR WAECHER R
By g sk ot oy 1 A JE R PR BCH e
FEERWM T DR TARmBR, BT 51t
BRI TH A GSD B 235 F S0, 7155 GSD i ##
FEYME & RD B/, 20 B T AR, LK
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