32
ﬁé‘b ;’; %H @t&J T b (D

/IR JNMENTSCIENCE
PAik: http://www.aes.org.cn

ETIERFSAFIRFAERIEYIPD Cul5 RePhSEHIH]
AR, A, M, i, =i

FIHASL:
AR, &, BT, mifh, R QR IHARAE A MERIPh . Cul5 BRI, Al IRETRH22 40, 2023, 42(1):
46-54.

TELR R BE View online: https:/doi.org/10.11654/jaes.2022-0444

FETT BRI HAB S

Articles you may be interested in

FTSD-SVD-Burg ¥ £ KM 784575 YL B ) 5 FE R 12 W

HHEME, BT W, i, 2, sk
LMV IABTRL2A 4], 2021, 40(1): 35-43  hitps://doi.org/10.11654/jaes.2020-0860

HE T F AR CIE AR AF S P2 WS K 15 YU
e, T H, EHG R, i, Sk
Al IR 22 544R. 2019, 38(1): 14-21  https://doi.org/10.11654/jaes.2018-0501

FETFSD-SWTHEI A T F KRGS aF S -5 5 G W il

ZEHan, T, SR E M, M, TR
N PR 2447 . 2020, 39(9): 1869-1877  hitps://doi.org/10.11654/jaes.2020-0468

FOKRR T RIVER R BRI
2R, IE R, L, I, FEOUCR, SRR, BRRA AR, FREME
el FREERLE224H. 2020, 39(9): 1900-1907  https://doi.org/10.11654/aes.2020-0401

R A T R R T9 R R B SM-DMF DA 1Y

sk, TR, FMERY, EheiE, FEE
LV FRBE R3] 2017, 36(9): 1753-1761  htips://doi.org/10.11654/jaes.2017-0536

KHEMIR AT, R Z B


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2022-0444
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0860
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0501
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0468
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0401
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-0536

2023,42(1):46-54 R W ®E M FE F R 20234F1 H

® Journal of Agro-Environment Science @&

WARSE, &, BT, 4 SET VSRR SRS BVE Y Ph , Cu 75 QRIS BI[I]. Al PRIER-22441E, 2023, 42(1) : 46-54.
SHANG X C, JIN Q, YANG K M, et al. Discrimination of Pb and Cu pollution types in crops based on the discrimination feature of lead—
copper pollution type[J]. Journal of Agro—Environment Science, 2023, 42(1) : 46-54.

[

FEisRLE 0SID

E T io R F A FERI (B Pb | Cu iz M 227 5l
Bk, 2T, BT, B, RA]

CLHEALT Y By A BR S W PMEE R, 2280 HEdL 2350005 2.3l Jb 48 0 7= W8 P55 A0 28 BRE Woi  p5 s2 ie 25, fdb £ 5F 071051
3 A EA L AR (s sERRRE il TRR2= 0, JtaT 100083)

 OEONARIEY T E SR YRS F R T P Cullh i T I ML Y) (R K By E 3250, AR T /Rt i i s 6 B s
Pb.Cul54ef5 B . 1 X GiEIE TA B o LB T 50 4, 17 J5 ) FH 25 (8 L 658 B0 8RR AE 2 i DAL Ph L Cu V5 e Fp i) 1)
FFAE(DFLCPT) , e 2835 F DFLCPT Z5 44 8 1T F F1EY Ph . Cu 5 YeFp 2 51 B BEHLARA 73 28 (RFC) (K-15: 4835432 (KNNC) L 3%
R AL 2E(SVC) R il B 28 (GPOORE RS, S5 R AEARFCZ i S HO G IS 10 228 HOBIEFR 2L (DRSD H, DL 0.9 B 38K
Sk Sy L E A9 DRSI[2 412, 1 223, 636] 5 #£ 4% Ph Cu 75 4% Fl 25 (4 #H 5C 38 £ 4a X B 5 K, 0 0.764 15 74K HE £ 4 & DFLCPT
(DFLCPT,») #57.1f) SVC . RFC . KNNC ,GPC F K Pb , Cu 5 YL Fp 2 J AR oy REC A A RBUR AL T SVC . KNNC . GPC ALY AR I|
GRAE 5 A P U ) 0 v TR S O 100% 4 L ACHT RS e PR . WIFT 2R B ARHT DFLCPT RREAYLE Ph | Cu ¥ Yo Fh 2 1] v
TREN T HUIECR 7 Ry SRR /R ) 4 8 15 e PP R A — 2 MR S

SR O A BT Y RIS B KN A

RESESX71 XEIEEG:A XERS:1672-2043(2023)01-0046-09  doi:10.11654/jaes.2022-0444

Discrimination of Pb and Cu pollution types in crops based on the discrimination feature of lead —copper
pollution type

SHANG Xiangchun', JIN Qian*, YANG Keming®, GAO Wei’, WU Bing’

(1. Suntuan Coalmine, Huaibei Mining Co., Ltd., Huaibei 235000, China; 2. Key Laboratory of Mineral Resources and Ecological
Environment Monitoring of Hebei Province, Baoding 071051, China; 3.College of Geoscience and Surveying Engineering, China University
of Mining and Technology (Beijing), Beijing 100083, China)

Abstract: To discriminate the heavy metal pollution types present in crops, a typical crop (maize) was cultivated under Pb and Cu stress,
following which hyperspectral data containing Pb and Cu pollution information were obtained from the crop leaves. Fractional-order and
integer —order derivative transformations were first applied to the spectra. Then, difference ratio spectral indexes (DRSIs) were used to
construct feature covariates for forming the discrimination feature of lead — copper pollution type (DFLCPT). Finally, random forest
classification (RFC), K—nearest neighbor classification (KNNC), support vector machine classification (SVC), and Gaussian process
classification (GPC) models were constructed on the basis of the DFLCPT data for discrimination of the Pb and Cu pollution type in the
crop. It was found that among the DRSIs constructed from a variety of derivative spectra, those [2 412, 1 223, 636] based on the 0.9
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derivative spectrum had the largest absolute value of the correlation coefficient between the Pb and Cu pollution types of the sample, which
is 0.764 1. Among the four classification models established on the basis of multidimensional DFLCPT (DFLCPT,;) data, the RFC model
had a better effect than the SVC, KNNC, and GPC models. The highest accuracy of the RFC model for the training set and verification set

was 100%, with good accuracy and strong stability. The results show that the DFLCPT-based model has achieved the expected effect in the

discrimination of Ph and Cu pollution types and can provide technical support for the discrimination of heavy metal pollution types in crops

grown on a large scale.

Keywords : hyperspectral; heavy metal pollution; pollution type discrimination; maize leave
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Figure 1 Abnormal leaf screening results based on Pb content
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Figure 2 Abnormal leaf screening results based on Cu content
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Figure 3 Leaf spectra after the removal of abnormal samples
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F1 FIBRBEEERFTHIHEPb.Cu&E(mg-kg")
Table 1 Pb and Cu contents in leaves after the removal of

abnormal samples(mg-kg™)

VG YLFEFE Pollution level  Cu 7% & Cu content Pb %% & Pb content

0 5.34+0.92 0.74+0.37
50 5.92+0.34 2.28+1.63
100 6.56+0.60 3.60+2.71
150 7.70+0.50 5.70+3.96
200 8.85+0.37 0.15+0.07
300 8.76+0.95 0.46+0.30
400 9.19+1.30 5.96+3.39
600 10.43+0.97 17.36+17.07
800 11.08+1.63 32.16£22.59
INT [(beng = baan) I ]
o1 o LT(v+1)
df(x)_;lzll%; ZB (1) m!(v—m+1)f(x_mh)
(1)
Horh Gamma 72 #4 -
F(z)ZI exp(—u)uw 'du=(z-1)! (2)
0

A v BT, R T 05 bauw AETE I E IR P 5 bena
R L R INTO) U2 5T 2 Gamma PR
B g E BB G (R s h i B RAE 0] B 52
HAS i u N

fifery, (D) ATRARIR

%zﬂm(—v)ﬂm)+Wf<x—2>+

'+m{v(f;1+)l)f(x—m) (3)

1.2.2 Pb.Cu 5 4P 2EH 5 FFE (DFLCPT)

NIFRE Ph  Cu V5 Q2 A5, it T —F 2 A2
R () B RRAE R DA RAEAE AR R D2 @ 14, B DFL-
CPT. McHsAL & B3R Bk, il 43 N AR 4E 2 1Y DFL-
CPT.

n4E R FE#) DFLCPT(DFLCPT, ) A] 26/ 4 «

DFLCPT.w=(E:,E>+-E,) (4)
KX E L E - E, g DFLCPT. B B B K |

15 BRI FR BRE U A R 2 i BB L ik —
AR TR B AR RALRE JT , i LU 48 £0/E A DFL-
CPT. B4 BB ZE o 25 (ERN OB A8 DL 4 61 4
BOV K, AH AR 43 B 58 08 S 90 18 1] & 1k i 1 2 R B,
HZE 5 PIRIAR B G5 AR AL 5, I AR Sk e LI L 4
T A OGS B (DRSD 454 . DRSI B HAK S5
% FEME T (Basic spectrum, BS) A4 B I B 19 5210
B DRSTCEAE DRSI[b1, b2, br]BS, DRSI[b1, b2, br]

BS WS

DRSI[b1,b2,brIBS=(R,—R; )/ (R, —R:2) (5)
A br R A DG f s B Ry A br AR O
TH{H
1.2.3 558 i 3

(1) FEHLAR#R ST 2E (RFC)

BEALARMOE —FIHLAS 7 > BRI o
Hedn LB B R 5] AR ER A ZRrp, 3
FEEE e O A (R S 2 AR AR ] RS
T AAS A DSR2 B U ARRAIE 1) s, SR RS, D
— 25 () B AL BRUER 23 R AIE , # — R O 4R
LA BRSSO () g S fige i 4
YR S R, PR b LT 4 SR LA kST . BEAILAR
MR o3 S 25 2 Hh T DRI G 3R Deff e 1), 55 B

B AR A, DR G B AL AR AR 1 B B A

(2)K-Fe 4B 4325 (KNNC)

AR A R B TR AR —Fh o 20 L
TR EO B R AR ) A JOR B, L
BT AR, 1 e TRV EA SRR 280
G B G FEA SR IFTHEEAR LR  FRR AR LR A 7
He#  AEHESN A5 3 b e B AR U KANFEAS K A IRUE
TEARKARRE EHCH TINGAEA KN, SR E T KA
FEA Y i 28501, AT R H IR AS B2 501

(3) ZFFM ML ZE(SVC)

SCARF I R AL AT W TR AR 43288 K T U 46 )
AL BT T S — A BB 28 Oy S T4 2R L
A 2] Oy ik A g PR Sk IR AR S
£ I EAZ PR AL, SRS TR BURE A (R IE AR ., i af 3]
e e 7S ], TR 55 (B - — A SR UL T 1T, DT A2 2
PR Z [ A A e 2R B4 2R H . SVM
SR B A A AT DAL X REAS B (R 1 O, A XA
B U RE

(4) Rt 24325 (GPC)

T FE A 2 SVM 43 2R VE Rl B AL, ) A
PE s S AT VAT R v B W i R V11 o175 e <
LAY R R e Ay A IR A ST, GPC B SEAR
BN IR B EARFR N ZAEAS R 3 o ik s FLkGE
TN > 1 (SR eR R, SR A e LS80 T e 2 T
e ST R B DU ST RO, 2555 Je g U I T 43
A s B AT B el
2.4 FENERMA(RSO)

DA% 15 2R R AL A 2 ) 5 TR B 2 o] R

WWW.QEs.0r9.CN




nEs—>

VRERR Rt Y F4EF 1 H

SR T AR A S B T FE T KW
71, RSO ZE—FHS T i+ S 808 R ik H
W DS B0 a1 4] 4 R B0 g XA T Je MR 4350 L
SEHBAHEL, DLAS 7= B i S B0 254 . RSO H4 GS Y
FFA P (5 PRfRT o 5 F S8 80 FFA TN ), LA 4E
38 F2 2 (] PoRURR I /NI AR P 0 BB T 2 A 48 2% 28 [ vh
BRI RIRIE R

2 #R5W®R

2.1 RESHTHRERR ST

Xt 5 AR OGS (0S) #H4 7 [ B ik S 480 (D) &b
B, B 53R B E B 5 A3 B A A B O 1~
10, 8 FH B9 43 B R 0.1~0.9 . 1.1~1.9, A[EIFr ks
0N A 28 B R EOGEE  AEAR TS e AE oDk
%0 2R DI IR

43T 28 Fh R HOEIE I 0S S5 FEA Ph, Cu 5 YL Fh
K SCNE , BTt 4 I B A Ph  Ca 15 4L Rl 2
AH 2 R B X HE (| r ) B E (rean) 5 B RAE (r) , LA
K e PP (b,) , W 20 INHFEA P Cu i Gt
PO roean BT, S0 BT B 40 5 R B AR i
BIAE] T HUAAOCR M AT oS B T A M ENE
B EER B 3sR TEE ST H AR AR SRR B NS
FEAN T 42 J@ 15 Y I 210 ron R, BN TR0 10 5
BB FECL R R R B T BUIRCR SR I
W15 EARXT T OS B HLg 07, 340 T e L it S5
5% BAR AR OCRE B |, (H Bl S B0 R 38 <, D it
If ) P T A — LI
2.2 DFLCPTHELER

FE T AR 1) S BOETE 56 0 1 b, 17 B

DRSI, 45 21 28 25 BS AN A #9 DRSI, [7]— BS T, 4
4624 650 FPZH A BEAE DRSI, BIA= T 129 490 200
Pl DRSI, 3 #7 4 Fl DRSI 5 FEAS Ph | Cu 75 YL Fh 25 1
AHEHE, LLDRSTH b1 02 WK AB R H AR &, LUK R Y
Rl os et el i A < I D) O < s R = W
K FEOLIE , 0.5~1.2D St A= 77 i DRSI 5 FE 4 Pb
Cu 15 Je PP A OC R BUEAR B0, X5 e 2R iy &
fERE T B 5

R WER AR EURE 1 ek 4 DRSI, St i1 £ P DRST 5
FEAS Ph Cu i5 YRl S | r [, 5 K 104 [ r | KX 11
DRSIFJ B 50022 3. X Pb. Cu ¥5 4L Fh 28 19 FME 2K
R T 08 S HOEIE Y DRSIARE T2 T
- HOGTE 9 DRST AT, U B B8 v O FIE sy
FRAT | B U 20 B AR T Y ) PR35 v BB AR AT AT 1Y
ROR

BT ER 3 A Al TS H AR R AL AR
IR PRI FPFE B0 LR 8O0 5T H AR RAE
REJT R SSIT , BA40h DFLCPT. IR 2 2R
2.3 EF DFLCPT. BiAIIE R {9 2 31 51016

LI DFLCPT, diE B UK 5l , 454 SVC .RFC . KNNC
GPC B2 Sk Ph ., Cu 75 YL BRI AR . DFLCPT,p
AT Ak Ry Z2 FhAS [R) 248 B 0 A 5000 o 7 R B o 3 51
ST 5 A B v] RE = AN A9 . B DFLCPT, 4 B
1 T, AR P a5 05 B & AR TE T i BRI
AT RE , X BB R PR e = A s . [RIIE, AT
ASTRI4E BE DFLCPT,o B35 5% 20 T 110 T 31 ASE 70 1 g 2
BLE 05y BB A YEFE () DELCPT.0 o 3K sl 4
HEA TR AR AL, L P ) DFLCP T Bs 4t B
DFLCPT». DFLCPT,1y. DFLCPTap. DFLCPTsy . DFL-

R2 FEEBKXESHEAPH CulTLMEMNBXEER

Table 2 Correlation between multiple types of spectra and types of Pb and Cu pollution in samples

T H Item 3% £ FK Name of the spectrum
0s 0.1D 0.2D 0.3D 0.4D 0.5D 0.6D 0.7D 0.8D 0.9D
Finean 0.08 0.09 0.10 0.10 0.11 0.11 0.12 0.12 0.12 0.12
T 0.17 0.18 0.21 0.21 0.24 0.31 0.37 0.42 0.51 0.54
b/nm 699 1 801 1801 1801 614 645 642 636 636 636
1.0D 1.1D 1.2D 1.3D 1.4D 1.5D 1.6D 1.7D 1.8D 1.9D
Timean 0.11 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
T 0.55 0.54 0.52 0.49 0.49 0.49 0.49 0.48 0.48 0.47
b/nm 636 636 636 1205 1205 1205 1205 1205 1205 1205
2.0D 3.0D 4.0D 5.0D 6.0D 7.0D 8.0D 9.0D 10.0D
TFnean 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Tinax 0.46 0.47 0.45 0.45 0.44 0.46 0.48 0.49 0.50
b,/nm 728 1206 729 549 771 772 772 773 773

1% WHART]
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