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Application of Decision Unit—Multi Increment Sampling in synchronized soil and crop sampling in heavy
metal-contaminated farmland

MAO Juan'**, HUANG Yong-jie'"”, SONG Jing*”", ZHAO Xiao—feng™', TANG Wei*

(1. College of Ecology and Environment, Anhui Normal University, Wuhu 241000, China; 2. Biological Environment and Ecological
Security Provincial Key Laboratory of Universities in Anhui Province, Wuhu 241000, China; 3. School of Geography and Environmental
Science, Guizhou Normal University, Guiyang 550001, China; 4. Institute of Science, Chinese Academy of Sciences, Nanjing 210008,
China; 5. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: For environment monitoring of farmland soil, the collection of mixed samples from multiple points in a given sampling area is
generally required. However, in the existing sampling guidelines, only general recommendations are available for the number of subsamples

required. Additionally, in practice, it is common for only the minimum number of subsamples to be collected. In the present study, we
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conducted Decision Unit—Multi Increment Sampling (DUMIS) in a heavy metal-contaminated farmland in Tongling, Anhui Province, to

explore the effect of the number of subsamples on the overall estimation error (OEE) of soil—crop synchronized monitoring samples. Soil—
wheat grain paired samples made of 5, 50, and 100 increments were collected from eight field plots. Field sampling error, sample
preparation error, and laboratory analytical error were subsequently analyzed. The results showed that laboratory analysis and sample
preparation errors for Cd and Pb content in soil and wheat grain samples met the precision and accuracy requirement. The contribution of
different processes to the OEE of Cd and Pb content in soil increased in the following order: analytical error < sample preparation error <
field sampling error. The OEE of Cd content in wheat grain mainly came from field sampling; conversely, the OEE of Pb content in wheat
grain was dominated by analytical error owing to the low Pb content in wheat grain. For most cases in this study, the number of increments
did not lead to different evaluation results with regard to the heavy metal contamination of soil and wheat grain samples. However, the
results of this study indicated that environmental investigation of farmland soil needed to consider the possible effect of the number of
increments on sample representativeness and the evaluation results. To ensure sample representativeness, data reproducibility, and
reliability of the conclusion, DUMIS is the recommended method for sampling in an area with high compositional and distributional
heterogeneity.

Keywords: arable land; heavy metal contamination; spatial heterogeneity; Decision Unit—Multi Increment Sampling; overall estimation
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Figure 1 Location of the study and sampling area
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Figure 2 Schematic diagram of increments for field triplicate samples
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Table 1 Quality control of soil laboratory analysis

P Cd Pb

Sample No.  &-4t/(mg-kg') RSD/% & Ht/(mg-kg') RSD/%
DU1-100C 4.23+0.03 0.7 219.14+3.27 1.5
DU5-50A 2.92+0.08 2.7 126.55+5.47 43
DU7-50B 4.25+0.08 1.9 319.20+4.87 1.5
DU7-100C 4.25+0.10 2.3 337.61+11.95 35
RSD BJ{H — 1.9 — 2.7
RVFIRZE — +20 — +5

2.1.2 /NFERPFRL Cd Ph AT HT iR 22

25 IR dl Cd P BT B, /N 22 A ) o2
(GBW10046 GSB—-24) Cd . Pb | 5 {8 43 1 4 (0.018 +
0.002) . (0.071+0.009) mg-kg™", ¥ITEIZARMEY) B 1947
YEAE Y8 I Y (Cd: 0.018 £0.002 mg - kg™, Ph: 0.067 +
0.016 mg-kg) . 722K 9 ZH/NE RS I 2 4047 =
SEATRE Cd P & AU RSD. M 2 i af LA Hi, RSD
BHIRTF NY/T 398—2000 R E 111 7 XU e K A/ A4
X 22 , HNRSD ¥EKE /N AR Cd 14 Bri 22
L/NTF Phbo
22 ENFIFIRE
221 HIERIRZE

F N IR R R A B A B T TORE TR O
A3 R | UREURE SRR AR S A R 22 . RIS
FRE S AR LSRR T 5 4 (DU2-5B . DU4-
5B.DU5-5C) .50 £ (DU3-50A ,DU4-50C .DU6-50C)
DL &% 100 & (DU1-100B .DU4-100C . DU6—-100B) - 33
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Table 2 Quality control of wheat grain laboratory analysis

FE i i Cd Pb
Sample No.  #&4t/(mg-kg') RSD/% Frit/(mg-kg') RSD/%
DUI-50A 0.31+0.01 34 0.10+0.01 11.6
DU1-5C 0.32+0.02 5.7 0.15+0.02 13.4
DU3-50A 0.84+0.04 43 0.15+0.03 17.6
DU6-100C 0.84+0.04 4.4 0.18+0.02 9.8
DU7-50C 1.07+0.16 4.7 0.18+0.03 15.2
DU7-100A 0.83+0.01 1.4 0.14+0.001 0.5
DU8-5A 0.65+0.02 2.7 0.12+0.001 0.9
DU8-100A 0.45+0.01 2.5 0.12+0.02 16.7
RSD BJ{H — 3.6 — 10.7
FVFIR2E — +25 — +25

IRAFEIE A, 73 5iliz FI I 439 (50 55 . 100 £ il 25 52
995 =T TR E AR =P TR Cd P S Y
RSD(F£3) , & W 1= P il B A4 A 2 7 A 1 5L
W2E, MWERIHAT LA, 3 Al #E )y =X 4 Cd . Pb
E i RSD Y 7E HJ/T 166—2004 HL5E 19F-4 1 RURE
K FCVFAR Xl 2 7 B Y
2.2.2 INERFRLHIFE R 22

FE/INAZ ATRL S B0 2 b i) £ 2ok A v, B BLAE % 5
A (DU4-5B.DU6-5C, DU7-5B) .50 & (DU2-50B,
DU3 -50C. DU7 - 50A) £ 100 £ (DU3-100C, DU5-
100B . DU8-100A ) K 4E 1 9 A~ /N2 FFRLAE i , 43 ) FH
U4 50 SR 100 SR A6l A L0 = = ATk, /)
FFPRIEE i Cd P & I RSD WL 4, B R T =N

3 HERSEREREREES

Table 3 Quality control of soil samples laboratory
samples subsampling

TRERN M = AR B IR 22 . IR 4 PR, = Nl
FE = A7 RE 9 Cd  Ph % & RSD ¥J7E NY/T 398—2000
AU e K AR R s o D 2 Y1 1B 14
23 BFAMNREIRE
231 FHERMRZE

8/ DU 433111 5,50 £ F1 100 £ R4 [ R AE =
17148 Cd . Pb &5 RSD UNER 5 R, B e T B AR
B E PRI S 00 % 400 45 25 R IR B AN 2 B

M5 HaLIE 1,84 DU 5.50 5. F1 100 A5 35
IRGHE Cd & it RSD YA {E AR T HI/T 166—2004 £X.
RE S A5 WURE S5 K e V7 A O 22 (20%) , {H DU6 FlI
DUS [ 5 55 F1 50 s IR G R e = P47 RSD 2 & T
100 SRS FE. X ULH, X F DU6 FIDUS I 7 , 135
Cd 75 [A] 728 SRl 3ok SR A 100 fTR A AT R Rk
INEATRE G Cd 3 AR 5, B RBMERR A 11 ik /N X
T CA & &

S HIR AT LA L 84 DU 5 11 50 s - 38R
A FE Pb {5 i RSD ¥ (43 518 6.3% F16.1% ) #5 #
35T HI/T 166—2004 FL A2 1)1 7 BURE S5 K Fe 18 A XS
22 (5%) , 42 100 55 £ 3R A FE Pb % &8 1 RSD ¥{A
(3.6%)FF AR ER (<5%) . _ERGEREH X F1R
2 DU, 5 SURA 350 SR A FERIRRE 7853 S /N X
o 48 Ph Y 28 [ AR 5 IRLE, SR AE =T 38 P
TR EEAGH . Mo R8N 1006, BARTA
ASTN/NX (DU4 T DUS) RAE = A7 19 RSD A 5 31| 2
KOEEA |, 100 s TR AR RE S AC 1 B0, B

R4 INEAFHIE R E NIRRT RS

Table 4 Quality control of wheat grain samples laboratory
samples subsampling

cd Ph Cd Ph
P A M/ RSD/ IS8 RSD/ P SR SR
sample No (rr:;-kg") % (n;;-kg") % Sample No. (mg-kg™) RD/% (mg-kg™) RSD/%
DU2-5B 421+0.06 1.5  208.89+6.29 3.0 DU4-5B 0.68+0.02 22  0.09£0.004 4.3
DU4-5B 247+0.05 54  162.17+4.99 3.1 DU6-5C 1.0120.08 7.4  0.15x001 7.6
DU5-5C 3.10+0.06 1.2 131.00£2.13 1.6 DU7-5B 0.97+0.03 2.7 0.16+0.02 153
Y43k = 4T RSD ¥51H — 2.7 — 2.6 Y43k =41 RSD ¥51H — 4.1 — 9.1
DU3-50A 3.08+0.10 3.4  189.84x450 2.4 DU2-50B 0.29+0.01 4.8 0.12+0.01 6.1
DU4-50C 243+0.09 3.5  213.93+8.51 4.0 DU3-50C 0.70+0.04 5.0  0.12¢0.01  11.2
DU6-50C 2.62+0.18 6.7  120.45+3.43 2.8 DU7-50A 0.98+0.01 1.4 020£0.01 64

50 55 P47 RSD #1E — 4.5 — 3.1

DU1-100B 4142009 2.1 214.18x10.11 4.7
DU4-100C 2.49+0.05 2.1  163.00£6.98 43
DU6-100B 2.80£0.08 3.0 12217232 1.9

100 2 =F47 RSD ¥{H — 2.4 — 3.6

FeVFIRZE — +20 — +5

50 55, V47 RSD #41E — 3.7 — 7.9

DU3-100C 0.85:0.03 3.0  0.13x0.03 208
DU5-100B 0.66+0.02 2.8  0.14x0.01  10.0
DU8-100A 0.77£0.003 04  0.12¢0.01  11.0

100 £ =F47 RSD ¥{H — 2.1 — 13.9

FeVFIRZE — +25 — +25
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Table 5 RSD of triplicate field sampling of s0il(%) Table 6 RSD of triplicate field sampling of wheat grain (%)
TS Cd Pb NS ESTH Cd Pb
Decisionunit 5,5 504 1004  5& 5048 1004 Decisionunit 5,5 504 10045  5S& 5048 100
DUI1 3.1 4.5 0.9 11.5 0.3 0.7 DUI 14.2 9.4 2.7 124 107 2.3
DU2 4.8 6.2 2.3 33 4.7 0.3 DU2 144 144 113 173 3.4 10.9
DU3 32 2.6 4.2 0.7 2.7 4.9 DU3 14.5 5.5 3.6 143 142 114
DU4 3.3 4.1 6.9 16.9 3.4 5.9 DU4 15.2 5.5 11.4 4.8 43 20.4
DUS 5.7 1.9 6.7 1.3 1.4 9.1 DUS 10.5 10.7 2.4 200 183 166
DU6 6.2 13.4 1.3 8.7 14.4 2.1 DU6 103 7.6 16.6 6.0 3.1 229
DU7 2.6 0.9 9.2 2.4 1.2 3.7 DU7 5.0 3.1 6.7 6.6 16.4 8.8
DUS 12.1 16.8 8.8 5.5 20.2 1.8 DUS 49 8.5 7.4 142 232 147
RSD {8 5.1 6.3 5.0 6.3 6.1 3.6 RSD (& 11.1 8.1 7.8 1.9 117 13.5
FeVFIR2E +20 +20 +20 +5 +5 +5 FVFiRE +25 +25 +25 +25 +25 +25
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2.3.2 /NERFRLRAE R 2

8/ DU SKAERY 5.50 5,100 fH RAE = A7 /N T
FAESD Cd Ph & REAY RSD AN 6 R o 455 H >R
FE =S4T /N FE A Cd P B RSD #4175 NY /T 398—
2000 P4 7 RURE SRV I e KA A v AR 22 Y T Y

MRFE =S4T RSD YER R, N AFRL Cd %
1t [ RSD Y(E A SR AE 4 s B B i R . fHAA
BASDUNRE , 3 DU DU6) 100 fiRAFERAE =
AT RSD (16.6% ) I 1 3 T 5 s A4 (10.3% ) Fl
50 HIRAHFE(7.6%) o BT 2 N HIFE R BT 0 B AL R
A0 AR AT BE S BT DU6 N /N AFRE Cd 1% %5 ]
A PR RIS, % 5 2.3.1 1 TR R IR 2 45 R
A DU6 3 Cd 25 (8] A8 S KT & o

MRFE = AT 1) RSD S {EEF /N FERL P %
Tt (19 RSD (BBl SRAF: 43 2 B 38 Jin I B 1 A2 4k
#, [AMNEADUNRE , 5] DUCQ DU4 F1 DU6) 100
SR GHERFE = AT /INZH PR Ph & 5219 RSD ST iy
F5 M50 SIRARE [RIBE, X B ERFA DU H
INFERFRL Ph F i 1 A5 AR SR, 24y S B 2 (A
100 £ B, B A] 8 & R AE/INIX /N2 AR Ph % it

[y A 5
3 iFig

3.1 TIER/NEFFHLCA P BIRIR Z RIS

BV TR 22 OEE Hi BF 51 SR #F 0% 22 (The field
sampling error, FSE) | % P il 1% 22 PE FISE 56 = 4041
BRIEAELUR, ARWFFON T A L G JE S i

1% WHART]

WA RIS P2 A e 22, R T 4 4152560 %= i —
AT V9 A= IR AT (P43 (50 AR A FT 100
SARA 4 341) 124 LB AR SR AE =47 (5.50 55
100 KRG 2 84H) , JFRF A 3115 = FATHY RSD 21 i
FE (E 3) o ARURCRAER)5.50,100 S IRAFES Y
BAAS Gy TR AR BT REYOR A, 5 808 100 AR
SR, A3 s B 23 () A A AR S R T i
P 2 B S, A2 S MR B ], AR AR 43
SRR A 2 TR R A I, AR b o 2 %o
15 YL 2 AR SV S e

M3 HR AT LA Y - 38 Cd  Ph 5 i B ARl
WE T AR F Bz 22 K /MR IR AE<PE<FSE, i%
5 Jenkins Z5™ 5 Fortunati Z2* W78 45 R —3. X3
Tl 3 s BRAE =S AT 10 Cd B RO TR 25, 50 4
TR A Cd P oRAE = P47 RSD B MR K, 53 5
B4 2 100 fUET, RSD AR MRS/ . 33X AT RS KR 5 4%
TRA RAE B 15 YU B (R AE 8 T3
BN, ZUCRFE 0130 Uk B 25 120 7 Ot 2 ] £ IX.
B TSR SR A . A BB S ™
R WA b O RE AR A A X EL Sk
Mo BCE N ZE 50 258, T2 B E R
12 BT R BN 2 () AR 5, DR R A =17
[ RSD S I 3G K 5 11 24 73 ki 808 — 26 38 3] 100 1
B, B i AR PR 1 5, 5 YL vk 1) BT R I
B G35 e Wi B ARER T LB D BT B
(B . BERE A AH T,

R T VAL N R PR 4 R e R TR e A
(IR 2E AN B T 8 LI E T — 4T 9= N
R = AT (MU 43 (50 ASTRA 100 SR A4 341 M



BIH, 5 PR BT 8 e SRR AT T 4R V5 YR 35— R b R W v ) 541
20r1 . 20
Zs
a% 2 g
2151 0 E 1St -
MI}H it <ﬁ: 13} —‘7
du § * =3 . T
S 10f S 10}
& 8 . g 1
2 5F B <= 5¢ J_
o e T
He | B3 T RS
0r <Z of
AE Ph l~Sh(5'5) rsn(505> kSMlooﬁ) PE FSE(5 ﬁ) FbE(SO!’?) F@E(looﬁ?)
25T 250
ot T
§§ 20 ﬂ%&“é 20F ¢ T T
i £ . 4 S T
g Isf 22157 T .
A2 I S . S
%% 0} * ﬁ%lo- : 2
%'y == ] B B3 =0T ==
or {-@ oF
AF, PF FSE(5 E) FSF(SOIE) FSF(lOOE) AE PE FSE(5 ) FSE(50 ) FSE(100&4)

B3 +iECd . PhEEFITHREERXE

Figure 3 Estimation error of Cd and Pb contents in soil
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Figure 4 Estimation error of Cd and Pb contents in wheat grain
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Figure 5 Cd and Pb contents in soil
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Figure 6 Cd and Pb contents in wheat grain
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